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FOREWORD

In 1991 the TRIUMF project welcomed the announcement by the government of Canada,
on September 19, of its intent to join British Columbia and Canada's foreign partners in the
construction of KAON. The ongoing science program of TRIUMF was beset with funding
shortfalls but continued to provide world-class science as chronicled in this report. Thus in
the past year TRIUMF was a national laboratory with great hopes for the future, with intense
present stresses but also with magnificent achievements in its science and technology transfer.

The range of science covered in this report is very wide. It includes, for example, a very
important and difficult experiment - never before achieved - on radiative muon capture which
probes the standard model of quarks, leptons and unified forces. In the proton hall the new
TISOL facility is providing important new information on nucleosynthesis in stars. In materials
science studies with muons the elucidation of the properties of high-temperature superconduc-
tors remains of great interest. In 1991 the materials studied for this purpose include those
fantastic new molecules, C60, colloquially termed "bucky balls".

Technology transfer activities at TRIUMF prospered, in 1991, as never before. Under the
very able leadership of Philip Gardner the TRIUMF/KAON Technology Transfer Office, funded
by the provincial government, aided in the development of many new ventures, as described in
this report.

In the meantime a variety of accelerator studies prospered, some pertaining to the improve-
ment of the existing TRIUMF cyclotron and some to TRIUMF's future.

It is a tribute to the TRIUMF staff and its morale that under severe funding shortfalls and
the accompanying tensions, so much good science emerged in 1991.

In 1991 Dr. Croy Neilson of the University of Alberta retired from the Board of Manage-
ment. The new member appointed was Dr. Elmer Brooker. Neilson was a "founding father" of
TRIUMF a quarter of a century ago and had provided exceptional service to the Board, both
as a member and a former chairman, for more than a decade. He will be greatly missed.

a-r"**
A.T. Matheson
Chairman, Board of Management



TRIUMF was established in 1968 as a laboratory operated and to be used jointly
by the University of Alberta, Simon Fraser University, the University of Victoria
and the University of British Columbia. The initial consortium has been expanded to
include the University of Manitoba, Universite de Montreal, the University of Toronto
and the University of Regina as associate members. The facility is also open to other
Canadian as well as foreign users.

The experimental program is based on a cyclotron capable of producing three
simultaneous beams of protons, two of which are individually variable in energy, from
180-520 MeV, ana the third fixed at 70 MeV. The potential for high beam currents
- 100 /iA at 500 MeV to 300 jiA at 400 MeV - qualified this machine as a 'meson
factory'.

Fields of research include basic science, such as medium-energy nuclear physics
and chemistry, as well as applied research, such as isotope research and production
and nuclear fuel research. There is also a biomedical research facility which uses
mesons in cancer research and treatment.

The ground for the main facility, located on the UBC campus, was broken in 1970.
Assembly of the cyclotron started in 1971. The machine produced its first full-energy
beam in 1974 and its full current in 1977.

The laboratory employs approximately 356 staff at the main site in Vancouver
and 19 based at the four universities. The number of university scientists, graduate
students and support staff associated with the present scientific program is about 625.

VI
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INTRODUCTION

This annual report contains a description of the out-
standing science of TRIUMF during 1991, achieved de-
spite the funding shortfalls described in the Foreword.

The great drama of the year was the big step forward
toward the construction of KAON which took place on
September 19 when the government of Canada agreed
to join B.C. and foreign partners in KAON construc-
tion.

Before that date there were numerous indications
that a positive decision would be reached soon. In late
April Prime Minister Mulroney quipped at a press con-
ference that the "cheque for KAON was in the mail".
In early August he announced at a meeting of his Party
in Toronto that he was a strong supporter of KAON
and that one should expect good news for KAON soon.

Meanwhile the folk-drama of B.C.'s impending elec-
tion unfolded. Although KAON had the strong backing
of all three political parties in B.C., the Social Credit
government - and in particular its Minister of Educa-
tion, the Honourable Stanley Hagen - had been strong
and effective champions of KAON. The mandate of the
government expired in the early fall of 1991 and it was
important to achieve the announcement by the federal
government before the impending provincial election
produced a prolonged hiatus for the timing of such
an announcement. In the event the announcement on
September 19 preceded the election call by only a few
hours.

There was an immediate celebration at TRIUMF.
The whole world soon knew. Clearly all parties in-
volved now wanted KAON to proceed as rapidly as
possible.

The situation created by the federal announcement
is best summarized by the following quotation from
the Honourable Kim Campbell, Justice Minister for
Canada and senior Minister in the federal government
for B.C. (Campbell had been chosen by the federal gov-
ernment to make the September 19 announcement).
In a later summary she said: "The TRIUMF-KAON
project is well on its way to becoming a reality. The
Government of Canada has agreed in principle to fund
$236 million towards the capital cost of the project.
These funds, along with those pledged by the Province
of British Columbia and by our G-7 partners, now com-
plete the basic capital funding commitments. Negotia-
tions will continue between both levels of government
regarding the annual operating costs of the project,
and between the Government of Canada and foreign
governments to confirm their financial commitments."

TRIUMF now awaits the necessary federal/provin-
cial negotiations on operating costs and the conversion
of foreign pledges into KAON commitments.

In late October the Social Credit government was
soundly defeated. The New Democratic Party (NDP)
was elected to govern and the new premier was the
Honourable Michael Harcourt. Although Harcourt had
strongly supported KAON before the election the pri-
ority which his new government would give to KAON
became a matter of immense importance to TRIUMF
and to KAON's many supporters. The new government
took office in early November and beforr the end of
1991 Premier Harcourt had indicated to Prime Min-
ister Mulroney that his government would honour the
commitment of B.C. to provide a third of KAON's con-
struction costs and that it wished to rapidly negotiate
the matter of KAON's operating costs. In the new gov-
ernment KAON was assigned to the Finance Minister,
the Honourable Glen Clark, who is then expected to
guide the KAON discussions to a successful conclusion
in 1992.

There is then great expectation that KAON will pro-
ceed fully very soon. In the meantime the whole ongo-
ing science program at TRIUMF hinges on that deci-
sion.

This report deals with the science output of TRI-
UMF while awaiting KAON and in the midst of drastic
funding shortfalls. A very satisfying amount of out-
standing science emerged and the delivery of beam
from the cyclotron was also very good. Read on.

The great stresses from the funding shortfall are not
itP'nediately evident in the science output. Their great-
est impact is on future cyclotron output - with the lack
of funds for proper cyclotron improvements and main-
tenance - and especially on future major developments
in science facilities. During 1991 TRIUMF did move
forward with the completion of the second arm detec-
tor (SASP) and with the new pion detector (CHAOS).
What is impacted most by the shortfall is work on new
major projects which would carry TRIUMF forward in
the mid 1990's. Such new facilities are the lifeblood of
every project such as TRIUMF. Their development can
be briefly postponed - while awaiting a KAON deci-
sion - but lengthy deferral imperils the future vigor of
TRIUMF. In the event that KAON does not proceed
TRIUMF has the potential for a great deal of excellent
science in the decade ahead.



SCIENCE DIVISION

INTRODUCTION

This annual report presents a view of the science
which emerged from the TRIUMF laboratory in 1991.
During the year which was marked by a major break-
through on the quest for KAON on September 19
with the announcement of the Federal support for the
project, the laboratory "survived" a very tense situa-
tion - financially and morally - and it is a tribute to
the staff and the Director to have not only kept the
team more or less intact but produced the quantity
and quality of science which is briefly described here.

This is due to an excellent performance of the cy-
clotron which delivered 350,000 /i-hours of protons,
well above our average production of the last five years
and with very good reliability - this very good opera-
tion was, however, marred by some failures in the high
intensity beam line which required considerable over-
haul at a high dose cost.

The major highlight, which relates directly to the
science program, was the record polarization and in-
tensity reached by the optically pumped polarized ion
source (OPPIS) which produced 2 fiA of beam ex-
tracted with a 78% polarization (see the cyclotron re-
port). This achievement allowed the completion of an
experiment on n production from polarized neutron on
a proton target (Expt. 372) and the first data taking
run of a sequel to the charge symmetry breaking ex-
periment - this time at an energy of 350 MeV (Expt.
369). It is hoped that by combining the information
obtained at 487 MeV before and at 200 MeV at IUCF,
the energy dependence of the various terms contribut-
ing could be pinpointed. The success of OPPIS also
paves the way for the Parity Violating experiment in
p — p elastic scattering to be mounted next year (Expt.
497).

It also allows many users to have access to several
microamperes of beam in the meson hall during po-
larized beam operation and it has proven extremely
valuable for testing purposes.

Two major new developments made good strides this
year. The second arm spectrometer is nearing comple-
tion and with commissioning of the new instrument
scheduled for the summer of 1992, several proposals
are being considered for the initial program. It will be
a unique facility which provides the tool for high reso-
lution coincidence experiments in the important energy
range from 200-500 MeV for nuclear physics.

A new large angle spectrometer for pion physics
(CHAOS) is being constructed. Last year saw remark-
able progress on the development of the instrumenta-

tion for the spectrometer together with the completion
of the magnet and its mapping. Again this unique facil-
ity will open a new field for pion physics to be exploited
later in 1992.

These two facilities will constitute the backbone for
the nuclear physics program during the construction
period for KAON. The bulk of the results produced this
year relied upon instruments which were commissioned
some time ago and which have received considerable
improvements recently.

A large experimental program is centered around the
exploitation of a large polarized 3He target which has
become so reliable now that routine long data-taking
runs with ir~ beam are now possible. The report de-
scribes the comprehensive program which has been
mounted both with pions (Expts. 557, 595) and po-
larized proton beams (Expts. 541, 566, 630, 616) to
elucidate in detail the wave function of 3He. The group
is now confident enough to consider mounting a muon
capture experiment in 3He.

Also in the meson hall, the Radiative Muon Cap-
ture group has now accumulated more than 200 events
for the elementary process on the proton and should
produce a value of gp (the induced pseudoscalar cou-
pling constant) with a 12% error. Several other nuclei
have also been investigated by radiative muon capture
with the hope of determining if a renormalization of gp

occurs in finite nuclei. Unfortunately the experiment
awaits better theoretical calculation of the nuclear re-
sponse before concrete values of gp can be extracted.

This report presents also a number of results
from the comprehensive program of jr-nucleon and *-
deuteron experiments which formed the mainstay of
the it program up to now capitalizing on our excellent
cryogenic targets. TRIUMF will have made its mark in
particular in the study of polarization observables both
with polarized deuterium target and polarized proton.

A difficulty still persists in the data produced for
elastic scattering of n+ on the proton at energies be-
low the A resonances and the resolution of this puzzle
could be obtained by the asymmetry measurement to
be performed with the CHAOS detector.

In the proton hall, the CHARGEX facility still domi-
nates the program with several experiments measuring
Gamow-Teller strengths via the (n,p) reaction at 0°. A
focus on reactions af relevance to nuclear astrophysics
is now quite evident (Expt. 629).

Another large component of the CHARGEX pro-
gram was the study of stretched states (simple configu-



ration) in several nuclei (Expts. 470, 563, 590) and the
search for deeply bound pionic states in 208Pb. The de-
velopment of operation of the medium resolution spec-
trometer down to very small angle was exploited to
study the recently discovered giant Mi spin resonances
in rare earth and heavy nuclei (Expts. 540, 596, 631).

The TISOL facility inaugurated its new low back-
ground experimental area and has outgrown the test
stages to service experiments. One such experiment
measured the mass differences between two rubidium
isotopes 76Rb and 75Rb (Expt. 617). A large group is
trying to measure the C(a, y) cross section at very low
energies relevant to nuclear synthesis by measuring the
a width of 16O in the 16N decay to 12C via /? - a emis-
sion sequence.

The Science Division is also supporting a number of
major collaborative efforts at other accelerator facili-
ties. In 1991, considerable resources were expanded on
the upgrade of Expt. 787 at BNL which searches for
the second order weak process K —» iri/F, ranging from
the new beam line (prototype for KAON secondary
channels) to a new ultra thin wire chamber and beam
counters. The report also presents some of the most
recent results obtained from analyzing data collected
since 1989.

Programs at KEK, SATURNE and BNL have been
mounted and represent a transition of physics interests
towards KAON related questions. This is the case for
the search for dibaryon resonances with strangeness
(Expts. 813 and 836 at BNL) or the study of weak
decay of hypernuclei at KEK.

TRIUMF's teams are also involved in major high en-
ergy experiments at HERA (HERMES), LEP (OPAL)

and SSC (SDC); this is part of the mission of the lab-
oratory to support high energy physics in Canada.

The overall experimental efforts are supported by a
dynamic Theory group which, with the help of post-
doctoral fellows, research associates and a very proac-
tive visitor program provides a natural link with the
experimental program in subatomic physics.

In terms of beam time, by far the largest consumer
is represented in the /iSR community which at times
operates on 4 beam lines simultaneously - two main
groups share the muons produced at TRIUMF: the
condensed matter and chemistry group.

If the study of high Tc superconductors remains the
focus of the program, a new twist was provided by the
new "bucky ball" Ceo material and quickly the remark-
able substance was shown to be reacting with muon
and forming muonium in different species. This pro-
vided a unique opportunity for both chemists and solid
state physicists to study this highly symmetric system.

The studies of reactivity, slowing down of muon and
spin waves also produced interesting results described
in the report.

Although all these results were produced in a climate
of considerable uncertainty, which may not transpire
from the report, the recent development on the funding
of KAON has relieved much of the tensions which had
built up. A large glow on the horizon illuminates the
faces of worrying physicists and it is clear now that it
resembles heaven more than hell. The Science division
is ready to tackle the new challenges and opportunities
offered by KAON and will, with the continuing good
cooperation of the other groups at TRIUMF, mount a
superb science program for many years to come. We
hope many will join us.



The contributions on individual experiments in this report are outlines intended to demonstrate the
extent of scientific activity at TRIUMF during the past year. The outlines are not publications and
often contain preliminary results not intended, or not yet ready, for publication. Material from these
reports should not be reproduced or quoted without permission of the authors.



PARTICLE PHYSICS

Experiment 369
Test of charge symmetry in n - p elastic scattering
at 350 MeV
(L.G. Greeniaus, TRWMF/Alberta; W.T.H. van
Oers, Manitoba)

This experiment is to measure charge symmetry
breaking in neutron-proton elastic scattering at 350
MeV with a polarized neutron beam and a frozen spin
type polarized proton target. Charge symmetry (CS)
requires An = Ap (where A is the analyzing power and
the subscript denotes the polarized nucleon). A non-
zero value of AA = An — Ap (or zero crossing angle
difference of An and Ap) indicates the breaking of CS.
In addition, the shape of the analyzing power differ-
ence AA = An — Ap away from the zero-crossing angle
will aid in differentiating the various contributions of
CS breaking. The experiment is to achieve an accuracy
in AA = An - Ap of ±0.0005 (or ±0.015° in the zero-
crossing angle) and the shape of AA{6) in the angle
range 50° — 90" cm. through a measurement of AA in
3° (cm.) angular bins with a precision of ±0.0015.

Charge symmetry, which was postulated soon after
the discovery of the neutron, requires that the nu-
cleon interaction be invariant under a specific rotation
in isospin space, for example n *-* p. \t is of funda-
mental interest to study the validity of the CS both
theoretically and experimentally. Much circumstantial
evidence has been favouring the breaking of CS.

It is assumed that CS breaking arises fundamentally
at the quark level due to the up and down quark mass
difference and also due to the electromagnetic inter-
action among the quarks. Most practical calculations
are based on a meson exchange picture in which CS
breaking in n — p scattering results from the electro-
magnetic interaction between the proton current and
the magnetic moment of the neutron; the n — p mass
difference in isovector meson exchange processes, es-
pecially one-pion exchange; and p" — w meson mixing.
Various theoretical predictions can be found in the lit-
erature.

Although earlier low energy experiments have shown
the difference of the nn and pp scattering lengths, it
has been proved to be very difficult to remove the un-
certainties in isolating the CS breaking effect.

The TRIUMF 477 MeV experiment (Expt. 121) was
the first experiment to measure the CS breaking effect
in n — p elastic scattering directly. It has yielded AA =
(47 ± 22 ± 8) x 10-". This should be compared to the
theoretical predictions ranging from (22 — 74) x 10~4.

The 183 MeV IUCF experiment has published the
final result AA = (33.1 ± 5.9 ± 4.3) x 10"4 averaged
over the angular range 82.2° — 116.1° cm. Theoretical

predictions varied significantly at this energy. It has
been demonstrated that the 183 MeV result is sensitive
to the contribution of the p°—u mixing term. It is very
important to confirm the predictions with independent
data of similar or better precision at a different energy.

The n—pelastic scattering detection apparatus con-
sists of large solid angle telescopes to detect the neu-
trons and protons in coincidence. The scattered neu-
trons are detected in the angle range 23° — 42.5° (lab)
in large scintillation counters while the recoil protons
are observed in scintillation counter-wire chamber tele-
scopes nominally centered at 53.0°. The detection ap-
paratus has reflection symmetry about the neutron
beam axis to increase the event rate and to allow cer-
tain systematic errors to be cancelled to second order
except those due to background corrections. The ex-
perimental layout is shown in Fig. 1.

During 1991, several engineering runs and a first 8-
day data-taking run in September were performed. The
on-line and preliminary off-line analyses show the fol-
lowing results:

With recent improvements of the TRIUMF optically
pumped polarized ion source, an average proton beam
polarization of 67% has been achieved. The average
beam current was around 1.5 fiA. It is anticipated that
the desired higher beam current (>2 /JA) and polariza-
tion (> 70%) will be achieved in the data-taking runs
to follow in 1992.

It has been shown that the beam energy can be
maintained to be within 40 keV if the rf is kept stable
within 0.5 kHz which was the case for a couple of days.
But over the whole week of running the rf changed from
23058.9 to 23052.0 kHz and the beam energy changed
about 0.3 MeV. Therefore with some effort keeping the
rf stable, it should be possible to hold the beam energy
to within ±40 keV.

«»t»Clk>n array*

Tim* Of U i^ t atari count*:

Fig. 1. Schematic diagram of neutron-proton detection ap-
paratus for CSB II.



Both SEMI and SEM2 were working well with
the new control program based on a 4 x 4 feedback
matrix. The observed asymmetries of the SEMs are
smaller than in the previous experiment (Expt. 121).
The widths of the asymmetry distributions are about
FWHM (horizontal) <3% and FWHM (vertical) <2%.
It is estimated that a 10% asymmetry corresponds to
0.25 mm shift in the beam centroid at the SEM center.

All four polarimeters gave reasonable readings after
calibrations. The CSB polarimeter, and the new and
old neutron polarimeters were stable over the whole
week long run. The IBP which has significant larger
solid angle than the CSB polarimeter was stable and
consistent with the CSB polarimeter readings after cal-
ibration.

The neutron profile monitor was calibrated with a
plastic crucifix centered on the neutral axis of the appa-
ratus. Adjustments to the neutron beam position were
made to center the neutron beam at the FST target.
The neutron profile monitor recorded any beam posi-
tion shift later on. The neutron beam profile at the
FST was deduced to be 61 mm x 46 mm (width and
height). The neutron collimator aperture was enlarged
vertically during the fall shut down to make the neu-
tron beam fully illuminate the FST (35 mm x 50 mm,
width and height).

The delay line chamber non-linearity was calibrated
during one of the engineering runs and their detection
efficiencies were monitored throughout the data-taking
run. The neutron array detector gain stability was also
monitored and corrected on a run to run basis.

The FST was polarized to a maximum of about 80%
and then decayed to about 60% at the end of a typical
daily cycle.

During the spring shut down, a magnetic field map
from the FST along the recoil proton detection tele-
scopes was made with the BONNIE magnetic field and
the FST holding field on. This will be used to correct
the recoil proton tracks deflection in this field.

Full off-line data analysis is in progress.

Experiment 452
Radiative tnuon capture on hydrogen
(G. Azuelos, Montreal; M. Hasinoff, UBC)

The radiative capture reaction is one of the most
sensitive ways to study the additional "induced" terms
in the weJi interaction between leptons and hadrons.
The goal of the present experiment is to obtain ~400
gamma events from the elementary process, fi~p —*
ff,ny, in hydrogen which should allow a determination
of gp, the induced pseudoscalar coupling constant of
the weak interaction, to an accuracy of ~10%.

We received 4 periods of beam time in 1991 for a to-
tal of ~11 weeks. The first 2 periods of beam time were

utilized to measure RMC on our ultra-pure deuterium-
deleted "protium" (< 1.5 ppm D2) which was prepared
by electrolysis of ISOTEC H2O. The August run was
devoted to a measurement of RMC on "normal" hydro-
gen (~110 ppm D2 ). During December we attempted
to measure RMC on an even purer "protium" LH2 tar-
get (< 0.17 ppm D2) which was obtained directly from
Atomic Energy of Canada Commercial Products rather
than from ISOTEC. This H2O was tested at the Envi-
ronmental Isotope Laboratory at the University of Wa-
terloo before purchase. Unfortunately, very little useful
data were obtained during this December run because
of production target delays at T l followed by a water
leak downstream of T2. The fi~ data collected during
the 1 week of actual useful beam was plagued by rf
pickup problems in the drift chamber and the failure
of the CAMAC readout controller for the inner wire
chamber. Both of these problems were corrected be-
fore the start of the January, 1992 running period.

The photon energy spectrum corresponding to 14.0
x 1 0 n n~ stops (all data from August/December, 1990
and February, 1991) is shown in Fig. 2. The spectrum
is dominated by the bremsstrahlung photons below
55 MeV down to the low energy acceptance cut-off
near 40 MeV. The small insert shows the RMC sig-
nal region (55-100 MeV) with a total of 149 possible
RMC photons with E > 58 MeV. The spectrometer re-
sponse function (high energy tail) can be determined
by a measurement of the bremsstrahlung gamma spec-
trum from the fi+p interaction since, in this case, ra-
diative capture cannot occur. Figure 3 contains the ft+

gamma energy spectrum corresponding to 2.6 x 1011

fi+ stops. In this case only 11 events are observed for
E > 58 MeV. Although the ratio of the number of ft
stops is 5.4, the bremsstrahlung (and radiative decay)
"peak" at ~40 MeV gives a ratio of ~ 1.9 due to the e +
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Fig. 2. Photon energy spectrum for (t~ radiative capture
after all cuts (prompt, chisq, random, cosmic and blank
time). The insert shows the high energy region.
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Fig. 3. Photon energy spectrum for (i+ in protium after all
cuts (see Fig. 2 caption).

annihilation process which does not occur in pr decay.
Thus a fi+ background subtraction cannot be done us-
ing the same number of /i stops. Figure 4 shows the
various contributions to the /i+ spectrum (annihila-
tion, bremsstrahlung and radiative decay). At all en-
ergies the annihilation contribution is significant and
above 42 MeV it contributes more than 50% of the pho-
tons. As a result of these very extensive Monte Carlo
simulations we now have a parametrization of the high
energy spectrometer tail which is able to fit the data
shown in the small insert spectrum in Fig. 3 very well.

Several improvements were made in 1991. Before be-
ginning the data collection in late January we installed
the second level hardware trigger (based on the num-
ber of hits in each layer of the drift chamber). This
analogue hit counter enabled us to reject wrap-around
e" events in <1 /is (compared to ~200 (ta when using
the SSP to perform this cut). The overall computer
dead-time for the ID trigger (at 150 /*A proton beam)
was reduced from ~40% to <7% by this hardware trig-
ger processor. A changing muon flux (muons/fiA pro-
ton beam) during different running periods was finally
determined to be a result of the different target lad-
der assemblies at T2. Nearly 20% of the muon flux in
the M9A channel is lost when the "wrong" target lad-
der is used at T2. Tests conducted by Richard Helmer
have determined that the position of the proton beam
which gives a maximum M9 flux is shifted by nearly 1.5
mm between the two ladders. We also improved the rf
shielding of the KAON rf Booster cavity and repaired
several bad wires on the cosmic ray drift chambers. In
addition we installed a gas recycling system to reduce
the Ar-methane gas consumption for the CRDC's. Fi-
nally the data analysis capability of the RMC group
was considerably enhanced by the purchase of several
DECstation 3100's, 8 mm VCR tape drives, and large
disk storage systems (670 Mb-1.2 Gb) for skimming
the raw data tapes.

36 38 40 42 44 46 48 50 52 54
Photon energy as reconstructed by RMC0FIA [MeV]

Fig. 4. Monte Carlo simulation for /»+p reactions including
annihilation of the decay e+ (open region), both internal
and external bremsstrahlung (hatched region) and also ra-
diative decay (black region).

The analysis of our summer data is currently un-
derway and we expect to publish our first intermediate
result for gp during 1992. Our measurements of the cos-
mic ray gamma background are continuing whenever
we are not receiving the ft beam in the M9A channel.
We expect that our goal of ~400 RMC events should
be reached sometime before the end of 1992.

Experiment 497
Measurement of the flavour conserving hadronic
weak interaction
(J. Birchall, S.A. Page, W.T.H. van Oers, Manitoba)

This ongoing experiment will measure the parity vi-
olating longitudinal analyzing power, Az, in proton-
proton scattering at 230 MeV to an accuracy of ±2 x
10"8. The significance of this measurement is that it
will provide a clean measurement of the 3Pz —lD2 mix-
ing amplitude, yielding the first direct determination
of the weak p meson-nucleon coupling constant hf, to
within ± 25%. The experiment will be performed in
transmission geometry, using hydrogen gas-filled trans-
verse field ion chambers to measure beam current on ei-
ther side of a liquid hydrogen target. A detailed PERT
for the experiment has been developed, featuring a new
beam line through the existing neutron area which will
allow the parity apparatus to be permanently mounted
and will eliminate conflicts with the TISOL facility on
4A. The projected completion date of the new beam
line is 1993.

The problem of unacceptably large beam halo re-
ported last year has been resolved. The 4B in-beam
polarimeter was used to measure beam halo at 200
MeV with 10-20 nA beam by replacing the conven-
tional polarimeter targets by thick targets with central
apertures to isolate scattering due to halo particles.



The beam was centered on the apertures and readouts
taken to determine the fraction of beam particles out-
side a given diameter from the beam axis. The fraction
of particles between 5 cm and 7 cm diameter apertures
per cm2 was measured to be 4 x 10~4 cm"2. This result
is in contrast to the earlier 4A measurements using the
SEM halo monitor, in which the fraction of beam out-
side a given aperture was always greater than 10~2,
and was essentially independent of beam tune. It is
now believed that a poorly-understood edge effect in
the SEM monitor led to falsely inflated beam halo mea-
surements. The maximum tolerable beam halo for this
experiment is 10~4 cm"2 of the main beam particles
at 5 cm from the beam axis; this figure was arrived
at by considering the associated effects of noise due to
beam halo striking ion chamber plates and systemat-
ics such as a possible large first moment of transverse
polarization due to halo particles. Since beam halo can
be expected to decrease with increasing distance from
the beam axis, the measurements on 4B provide a good
indication that the requirement on allowable halo can
be met with the new beam line.

The optically pumped polarized ion source (14) at
TRIUMF has recently been upgraded, involving a
change from optical pumping of sodium vapour to ru-
bidium vapour and from dye lasers to the more pow-
erful titanium sapphire lasers. Recent test runs with
this source have shown an impressive 78% polarization,
which exceeds the 70% goal for the parity experiment.
The Ion Source group is continuing development work
to match the polarization in the normal and reversed
spin states to the 10~3 level; it is believed that this will
ensure the beam intensities in the two spin states are
matched to the 10~5 level required by systematic er-
ror considerations. Further development work is also
needed to produce controlled beam intensity modu-
lations at the ion source without affecting any other
beam property in order to make systematic error cali-
brations to the parity apparatus.

The parity experiment requires a 40 cm liquid hydro-
gen target with axial Row capable of absorbing 13 W
of beam power with density fluctuations not in excess
of 1%, mounted with allowance for ± 5 mm adjust-
ment in x and y to tune for the position neutral axis
of the apparatus. Tolerances on the geometry of the
target vessel were set by modelling the response of the
(target + downstream TRIC) system to position mod-
ulations using a Monte Carlo approach. The TRIUMF
Cryogenic Targets group has designed a target vessel
which meets the requirements of the experiment. It fea-
tures planar end windows, achieved by pressurizing a
He gas cell to keep the windows flat. This reduces the
sensitivity to beam position fluctuation by a factor of
10 with respect to an earlier design which had curved

LHo ends. The beam position dependence of the sig-
nal from a perfect target constrains the dc beam posi-
tion to be within 0.3 cm of the position neutral axis.
Tolerances to imperfections such as a thermal gradi-
ent in the LII2, misalignment of the target flask, and
non-uniform windows are currently being studied with
the aid of this numerical model. Some prototype work
on the target vessel windows will be carried out at
TRIUMF in the fall. Purchase of the necessary mate-
rials including the refrigeration system will commence
early in 1992, and the target will be ready for installa-
tion in the new beam line in 1993.

As discussed in previous reports, the dominant sys-
tematic error in the parity violation measurements is
expected to arise from residual transverse polariza-
tion components in the longitudinally polarized beam.
Measurement of these polarization components will be
made with a scanning polarimeter, a custom-built 4-
branch conventional counting polarimeter with rotat-
ing blade targets. The first polarimeter was built at
Alberta and delivered to TRIUMF in February for as-
sembly and testing. Data were acquired in one unpo-
larized run (February) and two polarized runs (trans-
verse in March, longitudinal in August). Initial tests
have shown that the device will meet the statistical
error requirement for the experiment, but requires fur-
ther study to understand systematic effects. Figure
5 shows the average i-component of polarization de-
duced from the August data, with average first moment
< yPx >= -0.0I6db0.037 mm. Due to the high rate of
data collection, the present method of data readout is
unacceptable; possibilities for data pre-processing are
being explored. The polarimeter is currently undergo-
ing modifications to improve the motor drive stability,
and will be shipped back to TRIUMF for an engineer-
ing run in early December. The materials for the sec-
ond polarimeter have been purchased, and construc-
tion will begin early in the coming year.

H e U c i t y c o r r e l a i e d
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Fig. 5. Average ^--component of polarization as a function
of position. < yPI >= -0.016 ± 0.037 mm.



The final design of the transverse field ionization
chambers (TRICs) was completed in April after exten-
sive study of their performance requirements. Micro-
scopic modelling of the contributions to intrinsic de-
tector noise was carried out, accounting for spallation
processes, delta ray production, and the influence of
small angle scattered beam. Agreement was obtained
with properties measured at Los Alamos National Lab-
oratory in a similar experiment performed at 800 MeV.
Effects that occur at high beam current, namely ion
pair recombination and space charge distortions of the
electric field, were studied both experimentally and
with numerical modelling techniques. The new TRIC
design features a four-fold increased length to reduce
the delta ray contribution to detector noise, operating
conditions at higher voltage (20 kV) and lower pres-
sure (x 1/3) to reduce space charge field distortions,
and bakeability plus extra gas handling precautions to
minimize ion pair recombination. Appropriately config-
ured guard electrodes frame the sense region to further
minimize distortions of the electric field due to space
charge build-up. The collection plate is segmented (Fig.
6) to allow for independent diagnostic measurements
such as horizontal beam halo and horizontal beam po-
sition excursions. Halo monitors will be mounted at
the front end of each TRIC, providing an on-line mea-
sure of beam halo at the apparatus to assist, in under-
standing and controlling related systematic errors. The
TRICs are being built at the Universities of Manitoba
and Alberta, and will be ready to test with beam in
the spring of 1992.

The performance of the Mark 2 dual-function split
plate/multifoil beam intensity profile SEM monitor
was tested with unpolarized beam during 1991. This
version of the device incorporates improved accuracy
of position readout and greater range of travel in x
and y for control measurements, as well as a custom
built 2 x 32-channel volt age-to-frequency converter
readout unit which increases the rate of data read-
out over the integrating ADC method used previously.
The monitor and associated position control feedback
loop consistently perform within the guidelines set by
systematic and statistical error requirements. A self-
consistent gain calibration procedure has been estab-
lished and tested to ensure that beam position shifts do
not introduce apparent shape changes in the extracted
beam profile. This procedure will be followed at re-

Fig. 6. Segmented collection electrode in the TRIC. The
segmentation permits diagnostic measurements of beam
halo and beam position.

gular intervals to check the calibration of the monitors
during parity data-taking. The TRIUMF Probes group
has recently completed design work to improve the me-
chanical stability of the monitor, reducing its sensitiv-
ity to vibrations arising from nearby vacuum pumps.
Ion pumps with the SEM monitors during data-taking
will be used to minimize mechanical vibrations. The
final version of the split plate/intensity profile monitor
incorporating these modifications will be ready for test-
ing early in 1992, following which the second upgraded
monitor required for the experiment will be built.

Experiment 567
Measurement of the lifetimes of isomeric states dur-
ing atomic cascade of negative pions in liquid He
and Ne
(T. Yamazaki, INS Tokyo; T. Numao, TRIUMF)

It was shown by a recent experiment at KEK [Ya-
mazaki ei a/., Phys. Rev. Lett. 63, 1590 (1989)] that,
instead of being promptly captured by nuclei, about
2% of K~ stopped in liquid He freely decayed to n~n0

and fiV. This indicates that some fraction of mesons
is trapped by isomeric states during the atomic cas-
cade process. A similar phenomenon was observed with
stopped anti-protons [Iwasaki el a/., Phys. Rev. Lett.
67, 1246 (1991)] and is expected in the systems of pions
in liquid helium and liquid neon.

In the present experiment, a delayed component
was sought in the time spectra of electrons as a "free
JT~ — e~0 decay" signal, and of protons as a "trap
and absorption" signal. A 90 MeV/c w~ beam from
the M13 channel was stopped in liquid He and Ne tar-
gets at a rate of 105 s"1. Electrons and protons from
the target were detected by a telescope consisting of
plastic scintillation counters and wire chambers (ft =
2%), and energy-analyzed by a large Nal crystal TINA.
A total of approximately 10" JT~'S were stopped in the
He target. Positrons from the decay TT+ —> e+i/ were
also measured using a 5r+ beam for the calibration and
normalization purpose.

We found in the electron and proton timing spectra
a delayed component, evidence of pion trapping in a
metastable atomic state; a 70 MeV electron peak from
the free w~ —• e~ v decay in a late-time energy spec-
trum of Fig. 7 and a delayed component as shown in
the time spectrum of protons of Fig. 8. The lifetime
and the fraction of delayed it~ absorption obtained
from the proton time spectrum were 7.26 ± 0.12 ns
and 1.66 ± 0.05%, respectively. This is consistent with
the observed free-decay fraction of the ir~ —> e~0. The
results imply that 2.30 ± 0.07% of stopped JT~'S are
trapped in mctastable states with an overall lifetime of
10.1 ± 0.2 ns. No evidence of pion trapping was found
in liquid neon at the level of 0.1%.
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Fig. 7. An electron energy spectrum from x~ in liquid He
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Experiment 614
Precise measurement of the p, a and (P^) parame-
ters in muon decay
(V.I. Selivanov, Kurchatov; A. Olin, Victoria)

This experiment will attempt to measure with im-
proved precision the positron spectrum from ordinary
muon decay. Our goal is to achieve the following ac-
curacy on the Michel parameters: A(p) = lx l0~ 4 ,
A(<5) =3 x 10-4, A(P^) = 2x 10-4 on the basis of 109

events. The distinctive aspect of our experiment, com-
pared with previous work, is the use of a large magnetic
field to better define the muon spin direction together
with high resolution chambers.

Muon decay is the most experimentally accessible
purely leptonic weakly interacting system, and mea-
surements of its decay spectrum and rate are used to
determine the strength and Lorentz nature of the weak
interaction. In this experiment we will measure the

muon spin S^ and positron momentum pe from which
the Michel parameters p,T),£,8 are determined, while
the other 5 parameters are determined if Se is mea-
sured as well. Deviations from a V — A interaction are
predicted in many extensions to the standard model,
e.g. right-left symmetric models, SUSY, models with
massive neutrinos or Majorons.

The proposed experimental layout is shown in Fig.
9. Muons from M15 enter the spectrometer magnet,
pass through a thin scintillator, enter the parallel drift
chambers (PDC) and stop in a 20 mg/cm2 graphite
target. The spectrometer field is sufficient to contain
all decay e+ and these are registered in the cylindrical
back and forward scintillators, thus producing a trigger
signal for the PDC. The spectrum shape over a range of
10°-75° and energies of 5-53 MeV is thus determined.
Decays in the 0°-10° range are also registered in or-
der to determine the forward-backward asymmetry, al-
though the momentum cannot be accurately measured
here.

The experiment is currently in a feasibility study
phase and has been allocated beam time for studies of
prototype chambers and of M15 channel beam char-
acteristics. A small drift chamber with 5 wire planes
which could fit into a small superconducting magnet
was constructed. To obtain the required precision these
chambers are operated with DME gas where the drift
velocities are not saturated. This leads to a rather com-
plex response, especially in a 3T field. Two weeks of
low intensity beam were used for testing. The resolu-
tion obtained, (<r), of 40 fim, is in good agreement with
published results using DME. Simulation calculations
of the PDC have been performed, and the first results
for the space-time relation are in reasonable agreement
with our measurements. The intrinsic inefficiency of
these chambers seems to be at the 10~3 level. A new
test chamber with 5 horizontal and 5 vertical planes,
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Fig. 9. Plan view of experiment.
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and with mechanical precision of > 5ft has been assem-
bled to study the behaviour in a magnetic field. Testing
of these chambers in beam has been delayed because
of lightning damage to the M15 channel.

To achieve very high efficiency it is necessary to ac-
cept a wide dynamic range of pulse amplitudes from
the PDC, which makes us sensitive to cross-talk. Much
of the effort was put into this, and a number of preamp
combinations were tried. Our best results were ob-
tained using the high gain Kurchatov preamps, where
we obtained a 5 x 10"4 cross-talk rate. After these tests,
the cross-talk of the preamps has been improved an-
other factor of 10.
Beam line tests

In order to obtain muons polarized at the required
level this experiment makes severe demands on the
M15 beam. Doornbos has calculated a new tune with
the appropriate intensity, dispersion, spot size, decay
muon contamination, and energy resolution. Our ini-
tial attempt to investigate this tune was not successful,
so further work is required. However, the properties of
the normal tune with slits closed appropriately may be
acceptable since we found that a 1-2% FWHM momen-
tum acceptance was possible. We are particularly con-
cerned with understanding the polarization loss due to
contamination of cloud muons, and plan to study this
using the REVMOC code.
Magnet

The depolarizing effect of the magnet fringing field
turns out to be quite significant. The problem is that
near the entrance to the solenoid there is a field
Br(r,z) « raB

2'£°'*) which produces an azimuthal mo-
mentum. This cannot be significantly affected by mod-
ification of the iron shield design. Lobb has found a
solution to this problem [Univ. of Victoria technical
report VPN-91-3 (1991)] using a second solenoid with
opposite (and low) excitation 440 cm before the MTS
magnet centre, and an additional solenoid at the shield
entrance. This reduces the depolarization to 5xlO~4.
The iron shield design has been completed with ex-
pected uniformity of 10~4. Both the shield and magnet
are presently being fabricated in Moscow. Delivery of
the shield is expected in summer 1992, and the solenoid
in early 1993.

Study of rare K decays
BNL 787 (BNL-Princeton-TRIUMF collaboration)
(D. Bryman, TRIUMF/Victoria)

In 1991 the Expt. 787 collaboration completed data-
taking for the first phase of the program using the
original detector and beam. The principal objective of
the collaboration is observation of the ultra-rare decay
K+ —» ir+i/I7 which, according to the standard model,
is forbidden in first order but can proceed at the level

of (O) 10 10 by higher order mechanisms. The current
published limit, 3.4 x 10~8, is based on early data from
Expt. 787, and the full data set from the first phase is
under analysis with the expectation of a lower limit by
another order of magnitude as indicated by the prelim-
inary result shown in Table I. The apparatus, shown
schematically in Fig. 10, can be used to study a variety
of other rare decays, many of which were reported in
the 1990 Annual Report and are included in the sum-
mary in Table I.

Table I. Limits from Expt. 7S7 (90% C.L.).

Reaction Expt. 787
limit

Previous
limit

/f+-x

X0 — VV

A-+-X
K+ -

< 5 x 10-9*
< 1.0 x 10"9#

< 8.3 x 10"'
< 2.3 x 10"'
< 1.5 x 10"'

< 1.0 x 10"e

< 5.0 x 10~4

< 6.0 x 10"4

C 1.4 x 10"'
C 4.6 x 10~8

C 2.4 x 10-5

£ 2.4 x 10-6

C 1.5 x 10~5

None
< 8 x 10"8

None
None

"Preliminary
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Fig. !0. Schematic (a) side and (b) end views of the Expt.
787 detector.
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Using an analytical strategy similar to that used to
derive a limit for the exotic decay ir° —<• vV, a new
limit for the decay ?r° —• jX has been obtained. !n
this process, A" is a hypothetical long-lived neutral
noninteracting particle which, owing to angular mo-
mentum conservation, must be a vector particle. Pos-
sibilities for X are postulated in various extensions to
the standard model, such as new light gauge bosons or
axigluons. The analysis also sets limits on the 3-body
process n° —• -yXX' where X, X' could be neutrinos,
supersymmetric particles, or fractionally charged par-
ticles. Neutral pions which were tagged cleanly by the
charged pion in K+ —» ir°ir+ decay were selected for
the search. Events where evidence that only one pho-
ton was observed in the detector were sought yielding
8 events which were consistent with background due to
photon detection inefficiency. The corresponding limits
without background subtraction are included in Table
I.

A program is underway to search for the (as yet un-
observed) rare decay K+ —> ir+fi+fi~. The current
upper bound to the branching ratio obtained by the
Expt. 787 group [Atiyad a/., Phys. Rev. Lett. 63, 2177
(1989)] is shown in Table I. The additional data taken
since the publication of this limit should be sufficient
to enable us to observe this decay for the first time.
Although a special trigger was constructed to select
such events, the challenge remains to reject the large
backgound of events which mimic this decay. A pro-
gram to simulate such backgrounds using Monte Carlo
methods is in progress.

Progress continued in our search for A"+ —• ir+i/V in
the phase space region below the K+ —+ 7r+?r0 (KV2)
peak (p* < 205 MeV/c). The 1989 data set was looked
at in detail and all backgrounds could be eliminated.
The acceptance is comparable to the standard search
region above the (A'*2) peak and gives a preliminary
branching ratio upper limit of a few times 10~8 (90%
CL). This represents almost two orders of magnitude
improvement over the previous search in this region of
phase space [Cable et ai, Phys. Rev. D 8, 3807 (1973)].
However, independent estimates of the expected back-
ground are still uncertain, especially when they are ex-
trapolated to the full data set of 1989 to 1991. This is
mainly due to the limited statistics available in the
small data set for this trigger obtained in the latter
part of the 1989 run. More work is in progress to sys-
tematically study each background source; this will be
necessary before a final result can be determined.

The addition of an active degrader (see below) for
the 1991 run is key to our study of A',-2 background,
where the charged pion undergoes a nuclear interaction
in the target obscured by the kaon track and the high
energy photon from v° decay is lost in the beam hole.

This process is expected to be the major contributor
of background in this search. The study of other types
of background will also benefit from the improved in-
strumentation, but mostly from the fact that the 1991
run gives us twice the statistics we had accumulated
previously. These results are very encouraging since it
may be possible to double the overall K+ —+ ir+vV ac-
ceptance of the Expt. 787 experiment by including a
search at momenta below 205 MeV/c.

The 1991 run was used to test a number of planned
improvements to the detector that will be required to
raise the sensitivity to the level necessary to confront
the standard model prediction for K —* irvv. Three
issues in particular were addressed by apparatus de-
veloped and built at TRIUMF: improved ability to de-
tect photons, improved detection for beam pions, and
improved momentum resolution.

The detector features nearly 4;r coverage for photon
detection in order to reject K^ and other radiative
backgrounds. The hole left for the incoming beam is a
significant gap in this coverage, as mentioned above. To
deal with this, a new active degrader was constructed.
The downstream section of the inert BeO degrader was
replaced by a 10 cm thick segment of lead glass read
out by a ring of lucite viewed by 16 high field photo-
multiplier tubes. This provides a 3.6 radiation length
photon coverage in the beam aperture.

The active degrader also serves as a threshold
Cerenkov counter for incoming pions. At the down-
stream end of the degrader the kaon velocity is low
enough that little Cerenkov light is produced and it is
directed forward in a narrow cone which can escape the
light collection system. Figure 11 shows the spectrum
of phototube hit multiplicity for pions, with an aver-
age of 9 hits, and kaons with less than three phototube
hits. The small amount of kaon light was investigated
in subsequent tests at TRIUMF and found to be due to
fluorescence in the lead glass. Nevertheless, the active
degrader promises to be another defense against back-
grounds related to beam pions, in addition to its role
as a photon veto. One problem with the lead glass was
radiation damage due to exposure to the beam. Sev-
eral tests of more radiation hard types of glass have
since been done, and an improved active degrader is
expected for the future. Some tests on another mate-
rial, lead fluoride, were also performed.

For the 1991 run we installed an inner wire cham-
ber (IWC) between the target and drift chamber. This
consisted of a single layer of alternating cathode and
anode wires and two cathode foils. One of the cath-
ode foils was etched with strips running at an angle of
approximately 45 degrees to the anode wire direction.
The anode wires and cathode strips are instrumented
with ADCs and TDCs and thus can give azimuthal and
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Fig. 11. Spectra of photomultiplier tube multiplicity for (a)
pions and (b) kaons in the beam for the active degrader.

axial position information. Using this new chamber in
the track fitting improves the momentum resolution for
K —> fits events by 14%.

A new design for the central drift chamber has been
developed at TRIUMF to replace the present jet-cell
chamber and improve the momentum resolution by a
factor two. Monte Carlo calculations indicate that the
current drift chamber's resolution is limited by mul-
tiple Coulomb scattering in the chamber gas and the
Be-Cu cathode wires. The new design, shown schemat-
ically in Fig. 12, decreases the material in the chambei
by a factor five by eliminating the two stereo layers,
replacing the regions between the three axial superlay-
ers with a light gas, using aluminum cathode wires and
measuring the Z-position using thin foil cathode planes
with helical strips to read out the induced charge. Some
of these techniques were tested with the IWC installed
for the 1991 run and by a prototype chamber imple-
mented by our Princeton colleagues. Full size (0.8 m
x 3.7 m) cathode foils of etched copper-clad kaplon
for the new chamber have been produced at TRIUMF.
Parts of the chamber are being machined and stringing
will occur early in 1992.

Another important factor in increasing the experi-
mental sensitivity is the construction of a new beam
line expected to double the available kaon flux and re-
duce the pion contamination by a factor of ten. The
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Fig. 12. Schematic end and side views of the new central drift chamber.
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LESB3 kaon beam line described in the 1990 Annual
Report is presently being installed at Brookhaven and
the first commissioning run is scheduled for May, 1992.
TRIUMF personnel have been involved in the design
of this beam line in collaboration with physicists and
engineers at Brookhaven. TRIUMF has taken responsi-
bility for the design and procurement of the radiation-
resistant coils for the first two quadrupoles of the chan-
nel and the first dipole steel and coils. The quadrupole
coils were manufactured by Tesla in the UK and de-
livered to Brookhaven in September. The dipole coils
were manufactured by Tokin in Japan and the steel
machined by Sunrise Engineering in BC.

Search for a strangeness -2 dibaryon
BNL 813/836 (Birmingham-BNL-Carnegie Mellon-
Freiburg-Kyoto-Kyoto Sangyo-IUCF-Manitoba-
New Mexico-TRIUMF-Vassar collaboration)
(D.R. Gill, TRIUMF; W.T.H. van Oers, Manitoba)

The H is a neutral, 6-quark particle consisting of two
up, two down and two strange quarks in an isospin-zero
state with spin and parity J* = 0+. The original calcu-
lation [Jaffe, Phys. Rev. Lett. 38,195 (1977)] estimated
its mass at 2150 MeV, 80 MeV below the mass of two
As, the lightest known system with two strange quarks.
Subsequently, many other calculations have been made
resulting in predictions both above and below the AA
mass. If its mass is less than that of the AA it would
be impossible for the H to decay without a change in
strangeness, making it stable against strong decay.

The Brookhaven H particle search has two versions,
Expt. 813 and Expt. 836. Experiment 813 is most sen-
sitive to H particles near the AA mass. There are now
indications that this is the most probable mass range
and it is Expt. 813 which ran in 1991 and is expected to
run again in 1992. Experiment 813 uses a two cham-
ber liquid hydrogen/liquid deuterium target whereas
Expt. 836 would use a single target of liquid 3He. Ex-
periment 836 is designed to search for lighter, more
deeply bound H particles.

In Expt. 813, a K~ beam enters the lower, liquid
hydrogen, part of the target where H~s are produced
in the reaction p(I<~, A'+)H~. E"s leaving the top of
the LH2 target and entering the liquid deuterium are
tagged by information from a K+ magnetic spectrom-
eter and from silicon detectors between the LH2 and
LD2 parts of the target. Approximately one quarter of
the tagged H~s entering the liquid deuterium will be
captured into a (H~, rf)atom which is expected to have
a reasonable probability of turning into an H particle
and a monoenergetic neutron. Neutrons are detected
by large scintitlator arrays to the left and right of the
target and covering about 20% of 4n\ The detection of
monoenergetic neutrons in coincidence with the tagged

H~s would be a clear signature of the production of H
particles, and the neutron energy would give the mass
of the H.

During 1991 the installation of Expt. 813 was com-
pleted and the new 2 GeV/c kaon beam line (D6) was
commissioned at the Brookhaven AGS. Full operation
of the new beam line was delayed by slower than ex-
pected conditioning of the electrostatic separators. It
was originally planned to operate with a separator volt-
age of 750 kV and a beam momentum of 1.8 GeV/c.
In the end, the beam momentum had to be reduced
to 1.7 GeV/c to permit running the separators at 630
kV. The separators now appear to be performing well
and it is expected that the 1992 run will be made at
1.8 GeV/c.

Experiment 813 ran from mid April until the end of
June. Much of this period was devoted to commission-
ing of the beam line and calibration of the detectors,
but enough data were obtained to demonstrate the re-
quired separation of valid (K~ ,K+) events from back-
ground. Figure 13 shows a momentum vs. mass plot
based on time of flight and tracking through the spec-
trometer. The K+ events are well separated from the
undesired proton and ir+ events. Taken together with
information from the silicon detectors in the target, a
clean E~ tag should be produced.

The tapes taken in 1991 are being pre-processed and
copies of the summary tapes will be sent to the col-
laborating institutions for detailed analysis. It is esti-
mated that the approximately one hundred 2 Gbyte
VCR tapes taken in 1991 can be reduced to ten sum-
mary tapes in about 50 cpu days on a VAXstation
3100. Based on the analysis of the data so far, it ap-
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Fig. 13. A plot of momentum vs. mass based on information
from the A'+ spectrometer and time of flight. The impor-
tant A'+ events are well separated.
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pears that approximately 10% of the needed data has
been taken. To meet the goals of the experiment, an
additional 1012 K~ are needed. Realistic estimates of
machine and beam line performance indicate that this
can be obtained in 1000 more hours of running. Several
improvements are planned for 1992 to improve the sig-
nal to noise ratio in Expt. 813. These include reduction
of deadtime, more efficient trigger, improved tracking
and increasing the K~ energy to 1.8 Gev/c (from the
present 1.7 GeV/c).

Spin structure of the nucleon
HERMES
(M.C. Vetterli, TRIUMF)

Unpolarized deep inelastic lepton-nucleon scattering
experiments were crucial in the development of our
current understanding of the quark-gluon structure of
nucleons. These experiments were the first to show ev-
idence that, viewed at short distances, nucleons are
composed of essentially free constituents. This led to
the rapid acceptance of QCD, a theory with asymp-
totic freedom, as the prime candidate for the theory
of strong interactions. Quarks and gluons possess spin
and the forces between them are spin dependent. This
leads to a rich variety of spin dependent phenomena.
In particular, it is a significant challenge for QCD, and
other competing models of nucleon structure, to de-
scribe the spin dependent quark distribution functions
of the nucleon. Information about this spin dependence
can be obtained from the asymmetry A in deep inelas-
tic scattering of longitudinally polarized leptons from
polarized nucleons

by the EMC collaboration at CERN, together with ear-
lier electron results from SLAC showed that the exper-
imental value for

where D and rj are kinematic depolarization factors
and Ai and A? are virtual photon asymmetries. In the
scaling limit one can extract the spin structure function
g\(x) from

where ej is the charge of the quark flavour and q^~^(x)
are distribution functions for quarks having the same
(+) or opposite (-) helicities to that of the nucleon. The
quantity x is the fraction of the nucleon momentum
carried by the struck quark. R is the (small) ratio of
longitudinal to transverse contributions and F?(x) is
the unpolarized structure function.

The existing few measurements of g\ (x) have been
performed for the proton only, and no data exist for the
neutron. Recent results [Ashman et ai, Phys. Lett. B
206, 364 (1988)] for muon-proton scattering obtained

= /
Jo

= 0.126 ±0.010(stat)±0.015(sys)

is significantly smaller than the value 0.189 ± 0.005
expected from the Ellis-Jaffe [Phys. Rev. D 9, 1444
(1974); erratum D 10, 1669 (1974)] sum rule. Within
the framework of perturbative QCD, and assuming the
validity of the Bjorken [Phys. Rev. 148, 1467 (1966);
ibid. D 1, 1367 (1970)] sum rule, it was suggested that
little or none of the spin of the proton is due to the
spin of the quarks, with the spin of the sea quarks
largely compensating the spin of the valence quarks.
The Bjorken sum rule

W(x)-fi{x)]dx = i
gv

= 0.191 ±0.002

implies that g"(x) might be negative over a large region
of x.

To clarify the situation we propose to measure g"(x)
and to remeasure g\(x) with high statistical accuracy.
This accuracy especially at small x will reduce the large
uncertainty in the extrapolation of g\(x) to 2=0. Such
data contain information necessary to determine the
spin structure of quarks inside the nucleon and pro-
vide tight constraints for all nucleon models. A first
test of the Bjorken sum rule which relates the quark
parton model to axial and vector coupling constants
in nucleon 0 decay is of fundamental importance for
verifying QCD.

The experiment is described in detail in the proposal
to HERA, a copy of which is available upon request.
The novel method of using a storage cell in a storage
ring is superior to conventional techniques using cryo-
genic targets which contain only a small fraction of
polarized nucleons. The expected luminosity with a 60
mA circulating electron beam is 3.5-10 x 1031 cm~2s~1

which will allow high statistical precision for the mea-
sured asymmetries. Furthermore, the use of two meth-
ods to obtain the spin structure functions of the neu-
tron (by subtracting the hydrogen data from the deu-
terium data, and directly from 3He) will reduce the
systematic uncertainty. The overall uncertainty on the
Bjorken sum rule is expected to be 7%. This compares
favourably with the two other experiments proposed at
CERN and at SLAC (SMC: 13%, SLAC: 16%). In ad-
dition, we will obtain better data on the x dependence
of gi than either SMC or SLAC.

Estimates of charged particle production show that
the counting rates in the detector are anticipated to
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be low (<20 kllz/sr/GeV) and dominated by charged
hadrons, mainly pions. The discrimination between
electrons and hadrons will be handled by the combi-
nation of a transition radiation detector (TRD) and
electromagnetic shower counters. The ratio of pions to
electrons varies from about 250 at the 5 GeV threshold
of the detector to about 10 at 8-10 GeV and less than
one at 15-20 GeV. The Pb-glass wall will provide a
hadron rejection factor of about 100. The TRD will be
used to achieve an overall rejection factor of 104. The
Canadian group has undertaken the construction of the
TRD. The signal from the TRD will be fast enough to
be useful in the second level trigger which we will also
provide.

The major activities of the group this year have been
the production and testing of a prototype TRD and
the measurement of polarization in the electron ring
at HERA.

Heavy participation of the HERMES collaboration
in the measurement of electron polarization at HERA
became essential in order to commission the Comp-
ton backscattering polarimeter this year. The Cana-
dian group had a major role in the design and im-
plementation of a 200 m long optical transport sys-
tem to deliver a circularly polarized laser beam to the
photon-electron interaction point. A schematic of the
polarimeter is shown in Fig. 14. Our group participated
in the test run at HERA in July during which much
was learned. Figure 15 shows the spectrum of photons
observed with a 26.66 GeV e~ beam in the calorimeter
with the laser on (upper curve) and off (lower curve).
With the laser off, we see bremsstrahlung photons gen-
erated by the beam interacting with the residual gas in
the accelerator. This yield has been used to calculate

K(E,)

Fig. 15. Rate of bremsstrahlung and Compton photons vs.
photon energy.

the pressure in the ring. With the laser on, we see a
characteristic Compton spectrum with an edge at 13.2
GeV. Figure 16 is a plot of »j vs. Ey, where 17 is a mea-
sure of the vertical position in the calorimeter and thus
the scattering angle. The observed distribution is char-
acteristic of Compton scattering kinematics. Hence, it
is apparent that the polarimeter can detect Compton
backscattering clearly above the bremsstrahlung back-
ground. Electron polarization is observed by measuring
an up-down asymmetry in the distribution of Comp-
ton photons correlated with the helicity of the laser
light. This is shown schematically in Fig. 17 where the
^-distribution at the calorimeter is plotted for left and
right circularly polarized light. The difference (labelled
dt) below) which is the expected signal for polariza-
tion is shown as the full line. During the initial run
in July, the signal was obscured by large instrumen-
tal uncertainties related to laser beam stability and a
tilt of the electron beam. Both these problems have

HERA t~ Polar imtttr

tour lab

PSD 22m • m -I

Fig. 14. Polarimeter set-up at HERA which includes a laser, an optical transport system, the photon-electron interaction
region, and the calorimeter.
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been solved and data were taken for short periods of
time during November. Results for two of the runs
are shown in Figs. 18 and 19 where the asymmetry
dr) = (NR - NL)/(NR + NL) is plotted. NR and NL

are the yields for right and left circularly polarized light
respectively. The data in Fig. 18 were taken with an
unpolarized electron beam. The curve is a calculation
which assumes 0% electron polarization and includes a
1% linear component in the laser light. Figure 19 shows
data taken with the machine tuned for polarized elec-
trons. The curve assumes 7.5% electron polarization
and a 3.4% linear component in the light. The statis-
tical accuracy of the measurements is on the order of
a couple of percent per minute. We are now satisfied
that the polarirneter is functioning properly and that
we can measure electron polarization to better than
1%. During the November runs, an energy scan of the
machine was done and depolarization resonances were
observed separated by about 30 MeV as expected. The
highest polarization obtained was 9%. We are encour-
aged by these results and expect that with dedicated
machine time to tune the electron beam, we will be
able to increase the polarization. We are still hopeful
that the experiment will receive final approval in early
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Fig. 17. Simulation of the photon distribution at the
calorimeter for left and right circularly polarized laser light.
The solid line is the difference L-R which is the electron po-
larization signal.

spring and that we will be in a position to start building
the full scale detector in the summer.

Our design for the TRD exploits the open geome-
try of the experiment to achieve simplicity and econ-
omy. Measurements in a high energy electron beam
were necessary to test these aspects of the design and
several options for the radiator material. We have built
two prototypes of the TRD which are 70 cm x 70 cm
and have completed a test run at CERN on the X3
beam line (September). Unfortunately almost all of the
data-taking was done parasitically which limited our
flexibility. In particular, instead of taking data with a
pion beam, we were forced to simulate the response of
the detector to hadrons by removing the radiator. In
this case, the signal in the detector is generated by the
energy loss of the electron alone which can be scaled
down to be a good approximation of the pion response
(see Fig. 20). With the radiator present, the signal is
the sum of the dE/dx and the transition radiation pro-
duced as is evident in Fig. 21. As mentioned in the pro-
posal, we will use six TRD modules to improve the e/v

-c.s o o.s

Fig. 18. Data for the asymmetry dij with an unpolarized

electron beam.

-0.04

-o.s o o.s

Fig. 19. Data for the asymmetry Ar\ with a polarized elec-
tron beam. The curve assumes an electron polarization of
7.5% and a linrar component to the laser light of 3.4%.
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Fig. 21. TRD response with a 17 (im fiber radiator. The signal is the sum of the energy loss and transition radiation.

discrimination power of the detector. To simulate this
during the test, we combined six consecutive events
in our single module. The result of this procedure is
plotted in Fig. 22 where the two peaks are clearly sep-
arated even before energy loss scaling. Caution must be
exercised in the interpretation of these data because of
effects due to pressure variations in the detector. The
TRD gas system attempts to keep the cathode foils
flat by stabilizing the differential pressure between the
detector and an external flush gap which minimizes

the contamination of the detector gas. This differential
pressure (DG1) as well as the absolute pressure in the
detector (DG3) fluctuated during the test run due to a
feedback loop instability. They are plotted in arbitrary
units as a function of time in Fig. 23. Relatively large
variations are seen which lead to gain shifts of up to
15%. These are seen in Fig. 24 where DG1 is plotted
against the signal from two calibration sources (ssFe
and 109Cd). Although this effect can be corrected in
off-line analysis, we will stabilize the loop to allow the
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behaviour of the pressure due to the feedback loop instability.
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Fig. 24. Differential pressure vs. gain in the TRD. The pressure dependence of the gain is clear, especially for Cd.
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TRD to be used in the second level trigger as well as
eliminate unnecessary complications in the data anal-
ysis. We must also work to reduce the leak rate into
the detector from the flush gap since N2 contamina-
tion of the detector gas limited the useful lifetime of
the detector.

Polarization and weak decay of hypernuclei
KEK 160 (Osaka-TRIUMF-INS-KEK collabora-
tion)
(L. Lee, TRIUMF)

When a nucleon in "normal" nuclei is replaced by
a hyperon, strange nuclei - or hypernuclei - are pro-
duced. By studying the similarities and differences be-
tween normal nuclei and their strange counterparts,
valuable insights into nuclear structure as well as
the nature of weak and hadronic interactions can be
gained. In the past, hypernuclei have primarily been
produced via the (K,w) strangeness-exchange reac-
tion, but recent studies have shown the (jr, A') asso-
ciated production reaction to also be a useful tool. Ex-
perimental (TT+, K+) spectra show very clearly the A
single-particle orbitals in a variety of nuclei and nicely
illustrate the appropriateness of the shell model, even
for deeply bound states (see Phys. Rev. Lett. 66, 2585
(1991)).

More recently, it has been postulated that (ir, K)
reactions near p» «s 1 GeV/c may produce A-
hypernuclear states with large spin-polarization and
spin-alignment. Although some of these states are par-
ticle unstable, it is believed that their spin-polarization
and spin-alignment will be well preserved as they par-
ticle or 7 decay to their respective hypernuclear ground
state(s). The expectation is that the (jr+, K + ) reaction
can be used on 12C to produce polarized 1~ }?C and
| + ^B ground states. The objective of KEK Expt. 160
is thus to determine if these polarizations are realized
by measuring the angular correlations of weak decay
particles from these states in coincidence with their
production through the (it+,K+) reaction.

The experimental arrangement is shown in Fig. 25.
The incident pion beam (p» « 1.05 GeV/c) was mo-
mentum analyzed using the PIK-BA magnetic spec-
trometer while the scattered K+ was measured at ±14°
using the PIK-PA spectrometer. Cerenkov counters to-
gether with time-of-flight requirements were used to
help identify the scattered kaons. Above and below the
target area were arrays of AE (plastic) and E (Nal)
telescopes to measure the up-down asymmetry of weak
decay particles coming from the hypernuclear states.

An important background comes from quasifree A
production, where the escaping A decays to r~ and p.

routing
platform-

PIK-PS
(kaon spectrometer)

DC4 TOF wall

lucite
Cerenkov

.erotel
Cerenkov

DC: drift chamber

H: tbntiUaior hodoscope

0 In

Fig. 25. The experimental set-up.
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To help reduce this background, an active segmented
target consisting of 64 pieces of plastic scintillator
(60 x 10 x 2 mm3 each) was used. Each segment was
coupled through a set of optical fibre light guides to
a Hammamatsu 64 channel phototube. The segmented
target was constructed and tested at TRIUMF and in-
stalled in the experiment in early 1990. The primary
reason for segmentation was to provide enough granu-
larity so that quasifree processes could be distinguished
from hypernuclear processes by their different energy
loss (dE/dX) characteristics. As well, the segmenta-
tion allowed for a better determination of the (TT, K)
vertex and this appears to be helpful in improving the
resolution. Using information obtained from the active
target, the effect of applying a dE/dX cut on the re-
coiling particle is shown in Fig. 26a and b. On the
other hand, Fig. 27 shows how excitations in specific
regions of the EE (excitation energy) spectrum can be
enhanced by examining the hit pattern in the target
and applying appropriate cuts.

The experiment received low intensity beam in the
spring of 1990 and this was used primarily for testing
and debugging purposes. In the fall of 1990, full beam
intensity was provided and the data-taking was com-
pleted. A significant amount of analysis has been com-
pleted and preliminary results are available. Prelimi-
nary values for the asymmetry of the mesonic decay
of the quasi-free produced A's have been determined
and show apparent agreement with that expected for
the decay asymmetry of a A produced free by the ele-
mentary reaction T + + n —• K+ + A. The agreement
can only be called "apparent" because the existing in-
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Fig. 26. Excitation energy spectrum of J^C (a) without and
(b) with a target dE/dX cut.

-25

Fig. 27. Excitation energy spectrum of "C showing the ef-
fect of applying cuts to the target hit pattern <r-parameter.

formation on the elementary reaction is very poor. For
the nonmesonic weak decay protons, the 1~ ]^C ground
state shows a very small asymmetry while the | + j^B
ground state shows a finite asymmetry (Ay « —0.2).
The unbound region near EE« 20 MeV shows an
asymmetry whose value is suggestive of the presence
of spin-polarized "light hypernuclei". Since the target
cuts (mentioned above) appear to be able to enhance
states in certain EE regions, efforts are currently un-
derway to use the target dE/dX information to help
identify the possible processes in this EE region.

These results represent the first observation of asym-
metries from weak decays and polarization in light A-
hypernuclei. These new data can now be used to help
clarify our understanding of the 4-fermion weak inter-
action. As well, the observation of hypernuclei with fi-
nite polarizations suggests that it may now be feasible
to undertake magnetic moment measurements.
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Measurement of ft'-seriea x-rays of kaonic hydrogen
KEK 228 (Tokyo-TRIUMF-Tsukuba-INS-KEK-
Mainz collaboration)
(I. Lee, TRWMF)

Knowledge of the A' — N interaction is important for
understanding hadronic interactions in the strange sec-
tor. On the other hand, very little is known about the
K — N system in the low energy regime. Here, data
such as the s-wave scattering length come primarily
from studying x-rays of kaonic hydrogen atoms and
measuring their energy shifts and widths due to the
strong interaction. Attempts to measure the A'-series
x-rays of kaonic hydrogen have been plagued by large
backgrounds and poor statistics (see Fig. 28). The ex-
perimentally determined energy shifts were not consis-
tent with each other and, moreover, were of the op-
posite sign than what was expected from theoretical
predictions. Although a number of theoretical models
have recently been advanced to explain this discrep-
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ancy, what is clearly needed at this point is a more
precise, high statistics measurement to clarify our un-
derstanding of the underlying processes.

The objective of KEK Expt. 228 is to measure the A'-
series x-rays of kaonic hydrogen with a 4 orders of mag-
nitude improvement in signal-to-background. This will
be accomplished through a new approach, which mea-
sures the x-ray spectra in coincidence with the stopped
K~ and an additional two-pion trigger (previous mea-
surements triggered only on the stopped kaon). As the
kaon stops, it can either decay or react with the proton
nucleus. Both of these processes will produce a variety
of particles including y rays. These high energy -y's
can then react with the materials surrounding the tar-
get and create low energy x-rays. Since the energy of
the A'-series x-rays from the K~p atom is also quite
low (w 6 keV), the x-rays of interest are normally over-
whelmed by the low energy background. On the other
hand, there is one reaction which does not produce any
7 rays:

4 10 16

Energy (keV)

Fig. 28. Summary of experimental data on kaonic x-rays.

Futhermore, this reaction has a unique tag as it is the
only h'~p reaction which produces 2 charged pions. A
monoenergetic pion is produced along with the sigma
at the primary vertex and then a second charged pion
is produced when the sigma undergoes a weak decay.

The experimental arrangement is shown in Fig. 29.
The incident 600 MeV/c K~ will be slowed down by
a series of graphite degraders and stopped inside a hy-
drogen gas target ( « 5 atm at 77 K) where it will be
captured into an atomic orbit. As the kaonic atom de-
cays to the ground state, the x-rays will be measured
by an array of Si(Li) detectors, arranged in a cylindri-
cal fashion and coupled to the inner wall of the gas
target. Two cylindrical wire chambers will detect the
charged pion Uacks and allow for vertex reconstruc-
tion. Sets of plastic (TOF) scintillators arranged ax-
ially arou.'d the chambers will provide time-of-flight
information for triggering purposes. A degrader, lo-
cated between the TOF counters, will remove low en-
ergy background pions from A decay processes. Finally,
a set of axial Cerenkov veto counters will be used to
eliminate "false pion" triggers generated by photon-
converted electrons. Figure 30 shows the expected x-
ray spectrum using the above set-up; results are from
Monte Carlo simulations using EGS.

The experiment received some beam time in the
summer to examine the background in the KEK K3
line, test the prototype Si(Li) detectors, and to study
the optimal geometrical positions for these detectors.
The Si(Li)'s were able to satisfy the experimental re-
quirements for resolution and stability while operating
inside the gas target chamber; they will be mass pro-
duced in the spring of 1992.
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Fig. 30. Expected kaonic x-ray spectra from Expt. 228. Re-
sults are from EGS Monte Carlo simulations.

The TRIUMF contribution includes providing the
cylindrical wire chambers and the Cerenkov veto coun-
ters. Two chambers, originally constructed for the AS-
TERIX spectrometer at LEAR but which are currently
available, were found to have dimensions very close to
the one required for Expt. 228. They were both tested
at TRIUMF over the summer and were found to be sta-
ble at 3700 V; their operating voltage will be « 3400 V.
Checks on the signals produced by j3 sources have also
been successfully completed and both chambers have
been shipped to KEK to be installed in the experiment.

The Cerenkov veto counters will make use of a wa-
ter/umbelliferone mixture (n = 1.33) to reduce false

triggers caused by photon-converted electrons. A small
mock-up of the liquid Cerenkov counter has been con-
structed and tested at TRIUMF and found to be 99%
efficient for tagging electrons. A small amount of leak
through from "good pions" can also occur and thus,
some small fraction of the good events might be vetoed.
To obtain an estimate of this fraction, the response of
the Cerenkov detector to charged pions was also mea-
sured and is shown in Fig. 31. Also shown in Fig. 31
is the expected pion distribution at the Cerenkov veto
counters, as estimated from the EGS Monte Carlo. The
leak through fraction was thus estimated to be rela-
tively small (« 2.6%). At present, a. full scale prototype
has been constructed and will be tested at TRIUMF
in December, 1991 or January, 1992. Depending on the
test results, final design and mass production of the
Cerenkov counters is expected to begin during spring
1992.

A test run, with all detectors in place, is currently
planned for the late summer or early fall of 1992. Full
beam for data-taking will take place either during win-
ter of 1992 or spring of 1993.

e*e~ annihilation at the Z° resonance
OPAL collaboration, CERN
(TRIUMF members: G. Azuelos, TRIUMF/Montreal;
A. Honma, TRIUMF/Vicloria; C.J. Oram, TRIUMF)

This year OPAL continues to produce physics pa-
pers on a wide range of physics, significantly improv-
ing the precision in which the electroweak and strong
interactions have been measured and tested. A total of
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18 papers have been published by the collaboration in
this calendar year.

Summary of major physics results

Z° line shape: The first two years of LEP have
probed the standard model to an unprecedented ac-
curacy. Table II presents electroweak results from the
analysis of about 290 K Z° decays into hadrons and
32 K decays into leptons, yielding the Z° mass and
branching widths.

Electroweak physics: These precision measurements
on the line shape allow limits to be placed on the un-
known masses of the top quark and Higgs boson via
the dependence of the radiative corrections on these
mass values. If the data from LEP are combined with
world averages for the W mass and sin2 By/, the top
mass limit obtained is m( > 144 ± 25 ± 20 GeV/c2.

The OPAL measurement of the asymmetries in the
angular distributions of the leptons A'FB can be com-
bined with the width of the Z° decay to leptons Tu
to give the effective vector and axial vector couplings
evaluated at M\a. The results from OPAL are g^ =
0.0008 ± 0.0005 and gAl ^ 0.2494 ± 0.0021. The A'Ffl

result when combined with the line shape studies gives
a value of sin2 $w = 0.2337 ± 0.0021 for the effective
weak mixing angle.

Table II. OPAL results on the shape of the Z° resonance.

Uz : Mass of Z 91.161 ± 0.009 ± 0.020 GeV/c2

r,0i : Width of resonance 2.492 ± 0.016 GeV
Partial width into ee
Partial width into n\i
Partial width into TT
.' Partial width into

hadrons

82.9 ± 1.0 MeV
83.2 ± 1.5 MeV
82.7 ± 1.9 MeV
1739 ±17 MeV

The ambiguity in the sign of the coupling constants
is removed by the measurement of the average polar-
ization of the r in its decay to e, /x, and ir, and from
the forward-backward polarization asymmetry A™{.

Other electroweak studies from this year's analy-
sis include: (i) Branching ratio measurements of the
r —»• evv, T —» fit/u, and r —• ir(K)v; (ii) Measure-
ment of heavy-flavour production in Z° decay as well
as branching ratios B —* fi and B —• e; (iii) B— and r—
lifetimes: The present OPAL results for lifetimes are
from analyses utilizing the excellent OPAL gas track-
ing chambers (built at Carleton). For the B lifetime
the present result is 1.37 ± 0.07 ± 0.07 ps, and for the
T lifetime is 0.294 ± 0.013 i 0.021 ps from studies of
one prong decays and 0.330 ± 0.018 ± 0.014 ps for 3
prong decays. These should be compared with the val-
ues from the 1990 particle data handbook of 1.18±0.11
ps for the B lifetime, and 0.301 ±0.008 ps for the r; (iv)
Electroweak couplings of up- and down-type quarks us-
ing final state photons in hadronic decays of the Z°:
Tu = 333 ± 55 ± 72 MeV and Td = 358 ± 37 ± 48 MeV.

Searches: Direct searches for the standard model
Higgs at OPAL give a lower limit m» > 49 GeV/c2.
This is obtained by searching for various processes:
e+e~ -• Z*H, with Z -* uu (missingenergy), l+l~,qq,
or/and H —* T+r~ ,qq.

The minimal supersymmetric model allows for the
existence of three neutral Higgs bosons: respectively a
pseudoscalar Higgs A, a light scalar h, and a heavy
scalar H, as well as two charged Higgs H+ and H~.
Recently, one-loop calculations have changed the mass
relations allowed between the neutral Higgs. A search
for the SUSY Higgs at OPAL has resulted in 95% ex-
clusion of the light h below about Mh = 40 GeV in
most of the theoretically allowed Mh — MA plane.

Other searches for new physics processes made this
year include: (i) Scalar leptoquarks, which have been
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proposed to explain the symmetry between the quark
and lepton families, and which would decay into vq or
Iq channels. The lower limits obtained for the mass are
around 45 GeV/c2; (ii) Low mass arbitrary Higgs and
new scalars; (iii) Z —• yy (theoretically forbidden) and
Z —• yyy (allowed, but very small in the SM, but large
in some composite models).

QCD: The large number of hadronic decays of the
Z° collected permits significant tests of QCD, the the-
ory of strong interactions. One major effort of the
QCD working group this year has been on the de-
termination of a, in second order QCD theory from
various observables: jet rates in various recombination
schemes, hadronic event shapes, energy-energy corre-
lations, triple-energy correlations, total hadronic cross
section at the Z° pole, and ratio of leptonic to hadronic
decay widths of the r. The data are also compared with
recent calculations which attempt to estimate higher
order terms in QCD using resummation techniques.
The running of a, is clearly demonstrated, when re-
sults are compared to lower energy experiments.

The vector nature of the gluon has been demon-
trated by a study of the angular distribution in three-
jet events.

In non-perturbative QCD, one major result has come
from a model-independent study on the differences of
quark- and gluon-jet properties. Here, high-px leptons
have been used for tagging 6-quark jets. In particular,

the charge multiplicity, momentum flow, and momen-
tum per particle in the core of the q— and g— jets have
been considered.

Other QCD results include: (i) Demonstration of the
string effect in the hadronization process, in a model-
independent way as well as by standard methods; (ii)
Study of final state correlations in intermittency and
Bose-Einstein correlations; (iii) Inclusive particle pro-
ductions: Z7*"1 , K®; (iv) Properties of events with fi-
nal state photons, and comparison of the rates with
expectations from O(aa,) theory.

Installation of the microvertex detector

This year has seen the installation in OPAL of a sil-
icon detector with nominally 6 ftm resolution in two
cylinders around the interaction point at 6 and 7.5 cm
radius. This single-sided silicon array provides r<j> read-
out only. Presently under development is a silicon array
measuring r</> and z coordinates. The installed array
provides an improvement of at least a factor of 2 in
vertex resolution, allowing improved lifetime measure-
ments and tagging of B and r candidates. Analysis of
the 1991 data with the silicon detector information is
ongoing.

The TRIUMF group is involved closely with QCD
analysis, H-physics, and in the development of the dou-
ble sided silicon microvertex detector, as well as in the
alignment of the newly installed single-sided silicon de-
tector.
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NUCLEAR PHYSICS AND CHEMISTRY

Experiment 331
Spin-transfer measurements of the ird —» pp reaction
spanning the A resonance
(G. Jones, UBC)

For many years, the NN ==̂  NNir system has been
the subject of considerable theoretical and experimen-
tal interest, as it is the most elementary system for
which the fundamental pion production and absorp-
tion processes can be studied. Of the many possible
reactions, the pp —<• dw channel has been the most ex-
tensively investigated since its 2-body nature simplifies
theoretical description and provides several experimen-
tal advantages. At intermediate energies, this process
is dominated by an intermediate state containing the
A. Knowledge of this reaction is therefore basic to our
understanding of A production and propagation in the
nuclear environment. Although the magnitudes of the
dominant partial wave amplitudes (PWA) can be de-
termined from measurements of the differential cross
section as a function of energy, determination of the
magnitude and relative phases of the individual ampli-
tudes requires the measurement of spin-dependent ob-
servables. Although many measurements of this kind
have been described in the literature, most of the data
which exist involve p — p spin correlations with very
little which depends on the spin of the deuteron, infor-
mation which is crucial for completing the PWA deter-
mination.

In this experiment, the first spin-transfer observables
for the vd —• pp reaction have been measured at a num-
ber of energies spanning the A resonance in this sys-
tem. These parameters correspond to A'sz,, A'ss and
KNN of the pp —* dn reaction for incident proton en-
ergies ranging from 500 to 800 MeV. These data are
the first to be obtained from a single experimental set-
up which spans the energy range encompassing the A.
Preliminary results for the first two of these spin trans-
fers were published [Feltham el a/., Phys. Rev. Lett.
66, 2573 (1991)] earlier this year. Values for the last
of the parameters have now been determined and are
presented in this report.

Our experimental program involved measurements
of several different spin-transfer parameters {K'LS,
K'ss and K'NN) [Gammel et ai, Polarization phe-
nomenon in nuclear reactions (Univ. of Wisconsin
Press, 1971) p-411] for the nd —» pp reaction. Each
measurement, with appropriate target field orienta-
tion, was carried out at a single angle (~ 35° for both
K'LS and K'NN, and ~ 75° for K'ss) for a number of
pion kinetic energies between 105 and 255 MeV. At
the angles specified, these spin-transfer parameters are
particularly sensitive to variations in the partial wave

amplitudes. Preliminary values for all of K'LS, K'ss and
K'NN are presented here.

Investigation of the vd —• pp reaction in the absorp-
tion direction provided the following benefits:
i) the polarized deuteron target had a known vector
polarization, with small yet calculable tensor contam-
ination;
ii) the final state proton polarization could be mea-
sured using well-established polarimeter techniques;
iii) the polarimeter was readily calibrated by running
with an unpolarized target using the known analyzing
powers of the time-reversed pp —+ dn reaction; and
iv) the large deuteron mass in the initial state provided
sufficient centre-of-mass energy to enable our measure-
ments at TRIUMF to span the A resonance in this
system.

In addition to these experimental advantages, our
measurements were characterized by very different sys-
tematic errors from those associated with the few spin-
transfer measurements published to date, all of which
have been made in the pp'—• dir direction [Turpin et ai,
Proc. 10th Int. Conf. on Few-body Problems in Physics
(North-Holland, Amsterdam, 1984) p.189; Cantale et
al., Helv. Phys. Acta. 60, 398 (1987); Hutcheon et at.,
Nucl. Phys. A 503, 649 (1989)].

Difficulties specific to our technique included those
associated with the low fluxes typical of pion beams,
backgrounds arising from pion reactions with nuclei
other than deuterons in the polarized target, and
spin-precession of the protons resulting from traversal
through the magnetic field surrounding the polarized
deuterium target.

The background arises primarily from pion absorp-
tion on carbon nuclei in the polarized target mate-
rial (beads of deuterated butanol cooled in the mix-
ing chamber of a 3'4He dilution refrigerator). The true
ltd —* pp events can be distinguished from these back-
ground processes by the 2-body kinematic correlations
between the final state protons:
i) the opening angle of the outgoing protons and
ii) the requirement of coplanarity between the incom-
ing pion and the two outgoing protons.
Since those background reactions which yield two pro-
tons also involve additional particles in the final state,
their corresponding distributions are characteristically
much broader than those for the free reaction. The
background contribution was determined to be 10%
(typically) of the foreground by fitting a Gaussian to
the tails of these distributions and interpolating un-
der the peak. Measurements with a non-deuterated bu-
tanol target confirmed the validity of this technique.

Proton polarizations were extracted from the az-
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Table III. Spin-transfer results expressed in terms of the pp —» dir reaction. Angle and spin-transfer values
are given in the centre-of-mass frame. Note: quantities in parentheses correspond to T* of rrd —» pp reaction.

TP (7V)
(MeV) (degrees)

KSL
(degrees) (degrees)

Kss

500 (105)
575 (145)
650 (180)
700 (205)
800 (255)

146
146
145
145
144

0.087±0.051
0.143±0.043
0.301±0.057
0.244±0.046
0.203±0.079

136
140
142
143
145

0.24±0.06
0.31±0.07
0.38±0.06
0.28±0.06
0.09±0.11

-
106
105
104
104

-
0.255±0.059
0.101±0.051
0.193±0.050
0.276±0.052

imuthal /^-carbon scattering asymmetries following the
technique of Besset et al. [Nucl. Instrum. Methods
166,515 (1979)] and employing the ̂ -carbon analyzing
powers of McNaughton et al. [Nucl. Instrum. Methods
A 241, 435 (1985)]. This procedure was checked by
measuring the normal polarization of protons from the
ird —* pp reaction, using an unpolarized target. This
polarization is simply related to the well-known ana-
lyzing power ANO of the time-reversed pp —<• dir reac-
tion. Our calibration was in excellent agreement with
such measurements [Saha et al., Phys. Rev. Lett. 51,
759 (1983)].

The target polarization was monitored using stan-
dard NMR techniques [Smith et al., Nucl. Instrum.
Methods A 254, 263 (1987)], at 5 minute intervals
throughout the runs. These values were averaged to
obtain the polarization for a series of runs of common
pion energy and deuteron polarization. The relative
error in polarization including both statistical and sys-
tematic uncertainties was determined to be 3.5%.

Our spin-transfer results were calculated using the
formalism of Gammel et al. [op. cit.]. The values ob-
tained are listed in Table III. The spin-transfer param-
eters K'LS, K'ss and K'NN are related to those for the
time-reversed pp —> die reaction (KSL, KSS) and
by:

and

ut.) = K ' s s ( 0 ' )

) = K'NN(9'prot) ,

where Odeut. and 9'pTot. are centre of mass angles re-
lated by: 180 — Odcut. ~ 9'prot.- The errors quoted in
Table III include both statistics and the uncertainty
in the deuteron polarization. Systematic contributions

are not included; however, independence of the mea-
sured polarization over the acceptance of the polarime-
ter was extensively checked. Furthermore, our lowest
energy results are in good agreement with the recent
500 MeV data of Hutcheon et al. [Nucl. Phys. A 503,
649 (1989)].

Experiment 375
The pion deuteron breakup reaction
(E.L. Mathie, Regina)

This experiment was completed in two parts involv-
ing both unpolarized and polarized deuteron targets
over several years. During 1991 tremendous progress
has been made in interpreting the unpolarized differen-
tial cross sections and in analyzing the polarized data.
Measurements of polarization dependent observables
such as the vector analyzing power, iTn, for the reac-
tion ird —> irpn provide important information comple-
mentary to that which is gleaned from measurements
of the cross section. A broad goal of many few-body
physics experiments at intermediate energies is to iden-
tify shortcomings of our "conventional" descriptions
based on nucleons, nucleon resonances and mesons.
From these shortcomings it is often hoped to extract
some evidence for explicit contributions of quarks and
gluons, although this information may simply be im-
plicit in a comprehensive treatment which includes res-
onances etc. Polarization observables are in general
more sensitive to the subtle aspects of a reaction. Com-
parisons of calculated and measured polarization ob-
servables for the set of coupled irNN reactions, which
include the simplest examples of pion production and
absorption and both ird and NN elastic scattering, are
very important in attempts to achieve this broad goal.

In the realm of experimental tests of the theoretical
description of the coupled irNN reactions the impor-
tance of observations of the breakup reaction ird -*
irpn is often overlooked and most modern theoretical
efforts focus on the reactions leading to final states
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with only two bodies. Recently new experimental re-
sults have been made available [List et al. Phys. Rev.
C 37, 1587 (1988); ibid., 1594(1988); Pancella et al.,
Phys. Rev. C 38, 2716 (1988); and Mathie et al., Phys.
Rev. C 41, 193 (1990)] which complement earlier ef-
forts by the Karlsruhe group working at PSI (then SIN)
[Mathie et al., Phys. Lett. B 154, 28 (1985); Gyles et
al., Phys. Rev. C 33, 595 (1986); and ibid., 583 (1986)].

An advantage of the three-body final state is that
with suitable choices of kinematics one might sepa-
rately focus on regions where for example the quasifree
scattering process dominates, where the final state NN
reaction is important, or where the formation of a A + +

might be considered most important.
This experiment made use of a 12 arm time-of-flight

array of plastic scintillation counters, which enabled
the coincident detection of a pion at any one of six
angles with a proton at any one of six angles on the
other side of the btam line. All detectors were carefully
synchropized in time in order that a common absolute
time calibration could be used for pions detected in
the pion counters and protons detected in the pro-
ton counters. The absolute time-of-flight calibration
was based on known free irp scattering timings mea-
sured with a CHz target. The breakup vector analyzing
power data were obtained with the TRIUMF polarized
deuterium target, which has been used in many of the
related few-body experiments measuring for example
the tensor analyzing powers in vd elastic scattering.
The phase space covered by this experiment overlaps
some of that measured in the earlier Karlsruhe experi-
ments, however, both a higher target polarization and
longer running times were used in an effort to provide
more precise results in regions away from the quasifree
scattering peak, in addition to expanding the regions
of phase space where measurements have been made.

Data have been obtained at three energies for the
wide range in pion angles from 63 to 124 degrees and
in proton angles from 21 to 49 degrees.

Experiment 399
Measurement of z*d elastic scattering cross sec-
tions and charge asymmetries at 30, 50 and 65 MeV
(J.T. Brack, UBC; G.R. Smith, TRIUMF; M.D.
Kohkr, R.A. Ristinen, Colorado)

The results of the first part of an experiment at
TRIUMF to measure v^d elastic differential cross sec-
tions at three energies have been published in the July,
1991 issue of Phys. Rev. C [Kohler tt al, Phys. Rev. C
44, 15 (1991)]. These results are shown in Figs. 32-34.

In Fig. 32, the ir+d data from our experiment are
compared with the experimental results of Balestri ei
al. [Nucl. Phys. A 392, 217 (1983)], and the theoret-
ical predictions of Garcilazo [Phys. Rev. C 35, 1804
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Fig. 32. Centre-of-mass cross sections for Jr+d elastic scat-
tering at 65.0 MeV from the present experiment, from
Balestri et al. [op. cit.] and from calculations by Frohlich
et al. [op. cit.] and Garcilazo [op. cit.]. The two theoreti-
cal curves due to Frohlich et al. correspond to the simplest
treatment of Coulomb effects (a) and the most comprehen-
sive (e) considered. The calculations of Garcilazo are shown
for A = 700 MeV/c; they do not distinguish between r+d
and x~d scattering. The error bars shown for the present
experiment do not include normalization errors.

(1987) and private communication] and Frohlich tt al.
[Nucl. Phys. A 435, 738 (1985)]. Our results show fab-
agreement with the data of Balestri for this pion polar-
ity. All theories reproduce the data well at back angles
but Frohlich's calculations deviate from the data at
forward angles. The two curves from Frohlich's work
are the extremes of the treatment of Coulomb effects,
from a simple Born-approximation method in which
the particles are treated as point charges to a more
complete method which includes the charge extent of
the pions. Note that the treatment of Coulomb effects
does not significantly affect the prediction of the dif-
ferential cross sections. The more extensive calculation
of Garcilazo which, however, did not distinguish be-
tween pion polarities, produces better agreement with
the cross section data but gives no information about
charge asymmetry.

In Fig. 33, our results for it~d scattering are shown
and again compared with the work of Balestri, Gar-
cilazo, and Frohlich. There is a systematic discrepancy
between our results and Balestri's for this pion polar-
ity. The relationship between theory and experiment is
very similar to that in Fig. 32.

In Fig. 34, charge asymmetry results are presented.
Garcilazo's work did not provide an asymmetry pre-
diction. Instead, we have included a relatively simple
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calculation by Rockmore and Saghai [Phys. Rev. C
28, 2064 (1983)] along with Frohlich's prediction and
Balestri's experimental results. Here, a significant dis-
crepancy between Balestri's results and ours appears.
The remarkable rise and fall in the charge asymme-
try found by Balestri was not reproduced in our ex-
periment. We found that the asymmetry agreed quite
well with the theory in its overall shape, and that
given the uncertainties in both experiment and the-
ory, the results at individual angles were consistent
with Frohlich's calculations. In the case of the charge
asymmetry, the different prescriptions for handling the
Coulomb effects did have a large affect on theoretical
predictions. Our results agree best with the most com-
prehensive Coulomb treatment considered by Frohlich.

The data for the three smallest angles in Figs. 32-34
were checked in the final run of the cross section exper-
iment which took place in July, 1990. The data from
that run which included three additional angles at 65
MeV and several angles at 30 and 50 MeV are being
analyzed now. This run also involved three different
deuteron targets and utilized two additional detectors
to better account for beam multiples. The comparison
between identical observables taken with different tar-
gets is expected to verify the reliability of our active
target method which has been described in more de-
tail in published papers [Kohler, op. cit.; Brack et al.,
Phys. Rev. C 41, 2202 (1990)].

The improvements in our ability to account for beam
multiples allowed us to use higher beam rates in the
July, 1990 experimental run and thereby to accumulate
more data in a shorter time. We will use three indepen-
dent methods to determine the number of multiples in
the pion beam. This will further assure the reliability
of our results. Finally, the background fitting proce-
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Fig. 34. Charge asymmetries for rd elastic scattering at
65.0 MeV including data from the present experiment, the
work of Balestri et al. [op. cit.], and calculations of Frohlich
et al. [op. cit.] and Rockmore and Saghai [op. cit.]. The
bump in the asymmetry reported by Balestri et al. iu the
angular range of 95° to 115° was not reproduced by the
present experiment. The two theoretical curves of Frohlich
et al. shown in the figure correspond to the simplest treat-
ment of Coulomb effects (a) and the most comprehensive
(e).

dure (see Kohler [op. cit.]) will employ at least two
functional forms which will be applied independently
and checked for consistency.

Experiments 413, 564
Differential cross sections and analyzing powers for
the 3 '4He(p,T+)4-5He reactions in the region of the
Aj232 resonance
(KM. Furuiani, W.R. Folk, Manitoba)

The data analysis of Expts. 413 and 564 (differ-
ential cross sections and analyzing powers for the
3He(p,ir+)4He and the 4He(p>+)5He reactions respec-
tively) has been completed. The analyzing power re-
sults of Expt. 413 have been published [Furutani et al.,
Phys. Rev. C 44, 1691 (1991)] and a paper including
the combined results of both experiments is in prepa-
ration. The resulting data from the two reactions are
of high quality and should provide stringent tests of
theoretical calculations.

As part of the data analysis a Monte Carlo simu-
lation of the Medium Resolution Spectrometer (MRS)
was performed. This calculation was carried out to ver-
ify a number of characteristics of the MRS as a pion
spectrometer. Some of the objectives were to obtain
the pion survival fraction (due to T + —> /i+i>^ decay)
and to determine the acceptance of spectrometer. The
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pion survival fraction was found to be well parameter-
ized by f

 )He(p.JT+)4He *He(p.7T+)'He

where r is mean life of the pion and L-, is the ef-
fective length. For an MRS trigger which includes the
S2 scintillator but not SI, this was determined to be
L* = 11.10 ± 0.03 m, and is valid for pion energies
greater than about 50 MeV.

For the extraction of 5He ground state cross sec-
tions a final state interaction (FS1) calculation was per-
formed based upon the n + a low energy phase shifts.
The result of the calculation multiplied by the three-
body, JT+ + n + a, phase space is compared to the ex-
perimental spectrum in Fig. 35. One observes excellent
agreement and this was found to be true at all angles
and energies up to at least 5 MeV excitation. It was
found from the FSI calculation that the cross section
from 0 to 4.44 MeV (da/dQiA4) is about 60% of the
cross section for the 5He ground state (p3/2) only and
that this fraction was approximately constant for all
angles and proton energies. The daJdQ.^.^ cross sec-
tions are shown in comparison with the results from
Expt. 413 in Fig. 36. The analyzing powers (1990 An-
nual Report, p.43) were found to be relatively insen-
sitive to the method of peak extraction for the 5He
ground state. As was the case for the analyzing powers,
a striking similarity to the results for the 3He(p>+)4He
reaction is observed.
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Fig. 35. Final state interaction calculation for 5He. a is
the experimental resolution. The dotted lines indicate the
contribution of the pt/2 and P3/2 states separately.

Experiment 421
Research and development studies with TISOL
(J. D'Auria, SFU)

The TISOL facility is a thick target, on-line isotope
separator and a prototype of the front end of the pro-
posed major Accelerated Radioactive Beams Facility,
ISAC [Buchmann ei al, Nucl. Instrum. Methods B 26,
151 (1987)]. A general description of the TISOL facility
can be found elsewhere in this report and in the litera-
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Fig. 36. Differential cross sections for the 3He(p,ir+)4He »nd
4He(p,T+)5He reactions. The data, at 198 MeV *re from
Kehayias et at. [Phys. Rev. C 33, 725 (1986)].

ture [D'Auria et al., Nucl. Instrum. Methods B 40/41,
418 (1989); Dombsky et 0/., Nucl. Instrum. Methods,
in press].

The goals of this experimental project are to develop
and expand the use of the on-line isotope separator, TI-
SOL, to address questions of scientific and engineering
importance to the proposed ISAC (ISOL and Accel-
erator) and ISOL (Isospin Laboratory) [The Isospin
Laboratory, research opportunities with radioactive nu-
clear beams, LALP 91-51 (1991)] accelerated radioac-
tive beam facilities, and to deal with problems related
to the TISOL experimental program. The emphasis
this year was devoted to creation of the new, low radi-
ation experimental area described elsewhere in this re-
port, development of targets to provide required yields
for the experimental program, and to achieve produc-
tion capabilities.

The yield of 16N was measured from a variety of tar-
get materials including MgO, Mg18O, A1N, and SiC to
achieve a production rate needed for the high priority
experiment, Expt. 589. A new class of target mate-
rials for thick target, ISOL operation was developed
with the use for the first time of a zeolite material
(NaAISiO-i). This material, operated at a low tempera-

30



Table IV. Some production yields at TISOL.

Isotope Maximum
production yield*

Target
(gem"2)

8He
i o c

15C
1 6 N

1 7 N

1 8 N

14Q
1(3Ne
19Ne
2 3Ne
2 4Ne
2 5Ne

3.7 x 105

1.2 x 107

5.6 x 10"
4 x 106

1.8 x 105

3.4 x 103

8.5 x 104

3.3 x 106

3.3 x 10s

2.2 x 107

2.4 x 106

2.4 x 104

A1N (7.5)
zeolite (13.1)"

n

9>

n

n

it

UO2/graphite

•particles per sec per ft A of proton
"zeolite 13X = NaAlSiO4

ture or even with only beam heating and coupled with
the ECR ion source, proved to be the most effective
target material for the production of such rare ISOL
elements as nitrogen and oxygen (see Table IV). The
highest yields of an ISOL separated ion beam of 16N
observed in the world were produced (3 x 106 p/s) at
the Faraday cup (with a beam of 0.7 pA). This was
reproducible, observed continuously over a period of
several days, and is a yield sufficient to perform Expt.
589 in their new experimental configuration. Highest
yields of various oxygen isotopes and other nitrogen
isotopes were also observed, important for other ex-
periments [Buchmann el ai, Nucl. Instrum. Methods,
in press].

A new heated surface ion source was designed and
installed to provide stable operation of the production
of a reasonably high intensity Rb ion beam, needed
for Expt. 617. Sufficient yields of the very neutron
deficient isotopes 75Rb (19 s) and 76Rb (39 s) were
obtained from a heated (1600°C) target of Nb pow-
der over an extended run of about 12 shifts (144 h)
to result in new data on the beta decay energies and
masses of these isotopes. These data are under anal-
ysis by the LBL (Berkeley) group spokesmen for this
collaborative project, but initial results indicate that
some repeat runs may be needed for 76Rb. Beams of
heavy neon isotopes (including 25, 26 and 27) were
produced from a thick uranium carbide target coupled
with the ECR ion source for Expt. 597 (spokesman, G.
Roy). A complete experimental detection system along
with incorporation of the new data acquisition system
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Fig. 37. Elements for which ion beams have been generated
at TISOL.

and software were assembled and tested using TISOL
beam line B. This also included a new moving tape
transport system built in collaboration with the Univ.
of Alberta. Gamma rays of energies 81, 155 and 232
keV were observed for the decay of 26Ne with a half
life of 200 ms.

Using the same uranium target as above, a produc-
tion rate of about 107 p/s was observed for the isotope
21'Rn. This isotope can be used as a generator of the
medically important isotope, 2 UAt.

Figure 37 presents the standard periodic table of the
elements with an indication of those elements for which
ion beams of radioactive isotopes have been produced
at TISOL using the two different ion sources and which
are available for experimental investigations.

Experiment 439
The (n,p),(p,p') and (p, n) reactions on " N
(K.P. Jackson, TRIUMF; S. Burzynskt, SFU)

A comparison of the (n,p),(p,p') and (p, n) reac-
tions on the self-conjugate target 14N provides a crit-
ical test of isospin symmetry. The forward angle data
for all three reactions at a bombarding energy of 280
MeV were recorded in 1989. The analysis of the data
is now complete and the results are being prepared for
publication.

At small momentum transfers spectra reveal a con-
centration of Gamow-Teller strength in two well known
2+ , T = 1 states in each of the final nuclei (at 7.01 and
8.32 MeV in 14C, 9.17 and 10.43 MeV in 14N and 6.59
and 7.77 MeV in in 14O). Charge symmetry requires
that the population of the doublets in 14C and 14O by
the (n,p) and (p, n) reactions be identical. If one also
assumes charge independence and that the two states
in 14N are pure T = 1 states, the population of this
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doublet in the (p,pf) reaction should be simply a fac-
tor of two weaker than for the corresponding doublets
in H C and 1 4 0.

In contrast to these simple expectations, analysis of
the relative excitation of each member of the doublet
for the three reactions is as follows:

14N(n,p)HC : /(8.32)//(7.01) = 0.77 ± 0.05
14N(p,n)MO : /(7.77)//(6.59) = 1.49 ±0.05

HN(p,p')14N : 7(10.43)//(9.17)= 0.99 ±0.04.

Comparison of the (n,p) and (p, n) results reveal
charge symmetry breaking by a factor of 1.94 ± 0.14
for these very strong Gamow-Teller transitions.

These results essentially confirm a prediction made
in the original proposal for Expt. 439. The breaking of
charge symmetry is attributed to strong (Oftw — 2hu)
configuration mixing which is responsible for the ex-
istence of the 2 + ,T = 1 doublets combined with the
systematic shift in the relative Coulomb energies of the
Ohw and 2hu states across the A = 14 isotopes.

Charge symmetry and charge independence are often
assumed in nuclear spectroscopy. The circumstances
involving the strong Gamow-Teller transitions in the
A = 14 isotopes are unusual, but a quantitative un-
derstanding of the results should provide insight into
cases where much smaller violations of isospin symme-
try would have important consequences such as in the
analysis of 0+ —» 0+ /? decay.

Experiment 459
Excitation of the 10.957 MeV 0~;T=0 state in 1 6O
by 400 MeV protons
(J.D. King, Toronto; D. Frekers, TRIUMF)

In proton scattering, the 0+ —• 0~ transition is es-
pecially interesting since it requires a spin-flip in the
interaction. Since only J=0 states are involved, com-
plexities due to nuclear structure and the nuclear inter-
action should be greatly reduced. In a nonrelativistic
impulse approximation, the direct part of the interac-
tion vanishes under time reversal invariance while the
exchange part does not. An additional simplification in
the interaction occurs since the spin-orbit component is
zero while the central component is very weak. Thus a
measurement of the cross section and analyzing power
for the 0+ —» 0~ transition should allow for identifica-
tion of the tensor-exchange part of the nucleon-nucleus
interaction. A relativistic impulse approximation cal-
culation, on the other hand, predicts a nonzero value
for Ay without the explicit inclusion of exchange. This
is accomplished through coupling between upper and
lower components of Dirac spinors. A relativistic model
(DREX) including explicit exchange is also available.

We have measured the cross section and analyzing

power for excitation of the T=0 state in 16O by 200 and
400 MeV protons with the objective of improving our
knowledge of the tensor-exchange part of the nucleon-
nucleon interaction. Our data at 200 MeV have been
superseded by the much higher resolution data from
IUCF [Sawafta et al, IUCF Sci. and Tech. Rep., (May
1988-April 1989) p.19] and only the 400 MeV results
are presented here.

In the first runs a BeO target of approximately 80
mg cm"2 and a waterfall target were used. However,
even with the improved background from the waterfall
target, it was not possible to extract the 0~ state from
the spectrum for angles greater than 14° in the pres-
ence of the strongly-excited 4+ state 139 keV higher
in energy with the best resolution of 140 keV. For the
final run, a H310BO3 target of 10 mg cm"2 was used.
With this target, and careful tuning of the beam, a
resolution of 110 keV was obtained.

In the final, highest resolution run irradiations were
carried out with 400 MeV protons and with the MRS
set at 4.05 and 5.91°. During analysis the data were
subdivided into three bins at each angle, yielding six
data points spanning the angular range from 3.19 to
6.86°. Three data points from earlier runs are included
in the final results. An irradiation with 200 MeV pro-
tons was also carried out at the higher resolution at
4.05° to provide additional very forward angle data
since the IUCF data are limited to angles greater than
6°.

The cross section and analyzing power for the
0";T=0 state are shown in Fig. 38. The optical poten-
tial for a non-relativistic microscopic calculation was
generated by a folding calculation [Lee et al., Nucl.
Phys. A 492,607 (1989)]. This potential was used with
the Paris-Hamburg [von Geramb et al. AIP Conf. Proc.
No. 97 (1983) p.44] and Love-Franey [Phys. Rev. C 24,
1073 (1981); ibid. 27, 438 (1983)] interactions and a
simple (lp^lsi) wave function to calculate the curves
shown in Fig. 38. Also shown in this figure is a DREX
calculation [Rost and Shepherd, Phys. Rev. C 35, 681
(1987)]. No normalization is used for the cross section
curves.

All calculations predict a large positive analyzing
power at forward angles while the experimental val-
ues are clearly negative. The use of a two-component
wave function can alter the magnitude and shape of
the cross section somewhat, but has little effect on the
analyzing power.

Isospin mixing between the two 0~ states in I6O
is insufficient to explain the present results as almost
complete mixing is required to produce large negative
values at forward angles. The 3~ state at 6.130 MeV is
strongly excited by intermediate energy protons while
the excitation of the 0~ state is very weak. It may be
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Fig. 38. Cross section and analyzing power for the excita-
tion of the 0~;T=0 state at 10.957 MeV by 400 MeV pro-
tons. The solid lines are from a non-relativistic calculation
using the Paris-Hamburg effective interaction. The dotted
lines are from a similar calculation using the Love-Franey
interaction. The dashed curves are from a relativistic cal-
culation with explicit exchange (DREX).

that a two-step excitation of the 0~ state through the
3~ state competes with the direct excitation.

Rost and Kunz [Univ. Colorado Tech. Prog. Rep.,
1990] have carried out a simplified distorted wave im-
pulse approximation (DWIA) to estimate the effect of
a two-step excitation of the 0~ state. They used a sim-
plified nucleon-nucleon i-matrix and considered excita-
tion of the 0~ state directly or via a two-step excitation
through an intermediate 3~ state.

A second order DWIA was carried out for both a
pure two-step excitation and for a coherent combina-
tion of one-step and two-step excitation of the 0~ state
by both 200 and 400 MeV protons. The 400 MeV cal-
culations are compared with the present 400 MeV data
in Fig. 39. Although the two-step contribution to the

10

i .d2

Id3

r Y
1;I:I'

• . / ' . . . .

i

i ' l

1
\ >>>

I
t
1

L

\

\v1 111

/
/
ft
If

1

0'

/
/ •

/
/

;T'O \

Fig. 39. Experimental and theoretical cross sections and an-
alyzing powers for excitation of the 0~ state at 10.957 MeV
by 400 MeV protons. The dashed curve is obtained from a
simple first-order impulse approximation. The dotted curve
is obtained from a second-order DWIA via an intermediate
3~ state. The solid curve is obtained from both one- and
two-step processes.

cross section is not very significant, the coherent sum
of one- and two-step processes has a marked effect on
the analyzing power. Both cross section and analyzing
power data at 400 MeV are qualitatively described by
this calculation. In particular, it is the only calculation
to give strongly-negative analyzing power at forward
angles via a physically-plausible mechanism.

It is apparent that interference from two-step exci-
tation via the 3" state masks other contributions to
the excitation process at 400 MeV. Thus, there is no
possibility of extracting information about the tensor-
exchange component of the nucleon-nucleon interac-
tion from the present data. At 200 MeV the two-step
process is of less importance and it might be possi-
ble to account for its effect (as well as that of isospin
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mixing) and thereby learn something about the tensor-
exchange interaction. However, this would require a
more sophisticated treatment of the two-step process.
Such work is now underway [Rost, private communi-
cation].

Experiment 460
Analyzing power and cross section measurements
in pa —» pp(15o)ir~
(P. Walden, TRIUMF)

There is considerable interest in the pn —* ppir~ re-
action which can proceed by the <7oi channel where a
A cannot be formed. We are measuring analyzing pow-
ers and differential cross sections for a subset of this
reaction, pn —• pp(}So)ir~, by isolating the quasifree
process in d(p,ppir~)p. The experimental arrangement
selects relative S wave components of the outgoing
"diproton". These data are complementary to recent
3He(ir~, pn)n experiments where the v~ is absorbed on
a 'So proton pair. The experiment was done on beam
line IB using an LD2 target; the pion was detected in
the QQD spectrometer, the two outgoing protons in
the Tel Aviv scintillator bar array. The spectator pro-
ton was undetected. Data were taken in August, 1989
at 353, 403 and 440 MeV beam energies. Calibration
is nearly complete and we have preliminary analyz-
ing power distributions at 403 and 440 MeV. The 403
MeV analyzing powers are consistent with an earlier
measurement by our group at 400 MeV [Ponting et al.,
Phys. Rev. Lett. 63, 1792 (1989)].

1.00

30 CO 90 tZO
ecK(deg)

180

Fig. 40. Analyzing power of pn —>• pp('So)ir~ as a function
of pion centre of mass angle at 403 MeV beam energy (solid
points). The open circles are an earlier measurement by
Ponting et al.

Experiment 470
Stretched states excited in (n,p) reactions on " C ,
26Mg and 30Si
(J. W. Watson, Kent State)

In November, 1989, we measured spectra for the
14C(n,p)14B and 26Mg(n,p)26Na reactions at a beam
energy of 280 MeV with the CHARGEX facility at
TRIUMF. The 14C target contained 3.5 g (17 Ci)
of 14C powder, plus small amounts of 12C, 16O and
other light elements; this target was on loan from Los
Alamos National Laboratory. The 26Mg target was a
19 g sample of metallic magnesium (isotopically en-
riched to 99.46%) on loan from the Research Materials
Collection at Oak Ridge National Laboratory. In Jan-
uary, 1991, we measured spectra for the 12C(n,p)12B,
16O(n,p)16N and 30Si(n,p)30Al, again at an energy of
280 MeV. The 16O target was in the form of a wa-
ter cell with thin aluminized mylar windows. The 30Si
target consisted of about 30 g of 30Si in the form of
SiO2 on loan from the Research Materials Collection
at Oak Ridge National Laboratory. (This target mate-
rial is valued at S4.5 M US.) Data were taken for the
H2O target primarily for subtraction from the 30Si02
data. For the angles of interest for this project, protons
from n—p elastic scattering come at lower energies than
protons from (n,p) reactions on either 16O or 30Si.

The focus of this experiment is the study of
T = 2 "stretched" particle-hole states, especially
the (vd5f2,irp~}2)4~ state excited in 14B and the

(j//7 /2 , vd-f2)6- states excited in 26Na and 3OA1. To
excite these states, data were taken in the momentum
transfer range from 1.5 to 2.5 fm"1 (9iab = 19° to 35°).
Analysis of these data is in progress at Kent. This re-
search is part of the doctoral dissertation research of
Xiao-Dong Hu, a graduate student at Kent.

Experiment 471
Forward angle x^p differential cross sections At T*
= 87 to 143 MeV
(J.T. Brack, UBC; G.R. Smith, TRIUMF; R.A. Risti-
nen, Colorado)

The fourth experiment in a series [Brack et al.,
Phys. Rev. C 41, 2202 (1990); ibid., 38, 2427 (1988);
ibid., 34, 1771 (1986)] of x±p differential cross sec-
tion measurements of elastic scattering has been com-
pleted. The goal of these measurements was to fill in
regions of the pion-nucleon database where measure-
ments with reliable absolute normalization are sparse
or non-existent. In particular, recent interest in the pre-
cise value of the xN sigma term and the strange quark
content of the proton has been frustrated by inconsis-
tencies in the T*p database below resonance energy.
Related theoretical calculations typically are based on
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phase shift analysis predictions at low T, or small an-
gles, thus the third and fourth measurements in this
series have concentrated on these kinematic regions.
The present data will provide the only w±p differen-
tial scattering cross sections at angles smaller than
50°.m.for incident pion energies between 85 and 140
MeV. The primary advantage of the thin solid targets
used throughout these experiments is that they allow
detection of the coincident proton. This series of ex-
periments provides the only ir^p coincidence measure-
ments below 143 MeV.

The present measurement was made on the Ml 1 pion
channel at TRIUMF during July, 1990. Five incident
pion energies between 87 and 143 MeV were used. Pion
scattering angles were defined in 7.5 degree steps from
15 to 82.5 degrees in the laboratory. Data were gath-
ered simultaneously at six angles (see Fig. 41), with two
such sets overlapping at the two central angles. An ac-
tive target technique was used to detect the recoil pro-
tons. In the third measurement of the series, [Brack et
of., Phys. Rev. C 41, 2202 (1990)] this method allowed
detection of vp coincidences at lower incident pion en-
ergies where recoil protons do not reliably escape from
the target. In this fourth measurement, the active tar-
get technique was used at higher incident pion ener-
gies, but at smaller pion scattering angles, where the
low energy coincident recoil protons again have a low
probability of escaping the target.

Data analysis for this experiment is a two-step pro-
cess. The first step is particle identification in each
of the six arms of the detector. Scattered pions arc
well separated by time of flight and pulse height in the
scattered pion detectors. In the second step, the tar-
get pulse height spectrum for events corresponding to
these scattered pions is examined. The irp yield is ex-
tracted from these spectra by fitting a curve to the
background at pulse heights above and below the irp
peak, and then integrating the area above this curve
in the peak region (see Fig. 42). This method does
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F'g. 41. The experimental set-up for the active target set-
up is shown, with the six pion detector arms.

Fig. 42. A typical target ADC spectrum for one of the six
pion arms, showing the fit used to extract the area of the
rp peak.

not force any shape for the irp peak, but assumes only
the smoothness of the broad distribution of irC quasi-
elastic and absorption events in the region of the peak
and the fitted background.

Extensive systematic tests were made during each of
the experiments to ensure an accurate determination
of the related systematic uncertainties. In the previous
works by this collaboration, [Brack ei a/., Phys. Rev. C
41, 2202 (1990); ibid., 38, 2427 (1988); ibid., 34, 1771
(1986)] using three different experimental techniques
on two separate pion channels, these tests included the
use of 8 targets varying in thickness and composition,
variation of the beam spot size on the target, more
than 15 detector geometries for solid angle definition,
3 independent Monte Carlo codes to generate correc-
tions for pion decay and multiple scattering effects, and
beam rates varying from 0.5 to 3.4 ir/s. In the present
experiment, systematic tests included the use of four
active targets (plastic scintillator), of thickness rang-
ing from 1.6 to 12.7 mm. The angle of these targets
relative to the beam was varied by 10 degrees. While
the beam rate on the target during primary data ac-
quisition was approximately 1 x/s, tests were made at
counting rates of 0.7 and 1.4 MHz.

Data analysis is nearing completion. Monte Carlo
simulations of the experiment using the GEANT rou-
tine are now generating the appropriate decay and mul-
tiple scattering corrections for each experimental ge-
ometry and target thickness used in the actual experi-
ment. The ability of the Monte Carlo code to generate
corrections leading to consistent cross sections for data
taken in the various geometries is a crucial test of the
accuracy of these corrections. For example, changes of
target angle and target thickness give four separate
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Fig. 43. Preliminary results from this active target experi-
ment at three energies are shown (solid symbols). Results
of a previous experiment by this collaboration [Brack et
al., Phys. Rev. C 34, 1771 (1986)], and from the indicated
SAID and Karlsruhe phase shift analyses, are shown for
comparison.

measurements for several angles at each energy. The
fraction of events in which protons escape the target
without depositing their full energy for these four mea-
surements may vary by as much as a factor of 8 (from
1% to 8%). If the resulting corrected cross sections
agree within statistical uncertainties, then the ability
to make these corrections has been demonstrated.

Preliminary results obtained thus far are in excel-
lent agreement with the earlier results [Brack et al.,
Phys. Rev. C 34, 1771 (1986)] from this collaboration
as shown in Fig. 43. For 7r+, the various phase shift so-
lutions predict similar results in this energy region. The
experimental results at the largest angles measured
here (near 90* m ) lie between one and two standard
deviations below these phase shift predictions, with a
tendency toward better agreement at smaller angles.
For JT~ , there is considerable disagreement among the
phase shift predictions, with the SM90 solution lying 5
to 10% below the KH80 and KA84 solutions. The ex-
perimental results at all angles are in agreement with
the SM90 solution.

Experiment 473
Medium effects on knockout of deeply bound nu-
cleons
(C.A, Miller, TRIUMF)

Modification of the nucleon-nucleon interaction in
the nuclear medium has been found to be an important
aspect of various reactions induced by intermediate en-
ergy protons. One of the most direct ways of studying
such modifications is quasi-free scattering of nucleons
by polarized protons. Inclusive measurements of spin

observables in this reaction have yielded some results
which depart significantly from expectations based on
the free interaction, even after accounting for "obvi-
ous" effects such as internal motion of the nucleons
and binding energy.

It is expected in the context of relativistic mean field
theory and suggested by empirical fits of Dirac optical
potentials to nuclear elastic scattering data that the
potential experienced by a nucleon inside the nucleus
includes large attractive Lorentz scalar and repulsive
vector terms. It has been pointed out that the large
negative scalar potential will reduce the effective mass
of the nucleon upon which depend the Dirac spinors be-
tween which the nucleon-nucleon matrix elements are
evaluated. In particular, the lower components of the
spinors are expected to be enhanced. In one model of
this effect, some spin observables are predicted to be
significantly modified [Horowitz and Iqbal, Phys. Rev.
C 33, 2059 (1986)]. Most remarkably, the analyzing
power is substantially reduced. Although such medium
effects are diluted in inclusive reactions because of em-
phasis of the nuclear surface where the density is not
large, some indications of this medium effect have been
observed [Carey el al., Phys. Rev. Lett. 53, 144 (1984);
Chan et al., Nucl. Phys. A 510, 713 (1990)].

In the investigation of medium effects on the ba-
sic interaction, we may expect that exclusive measure-
ments can enjoy some significant advantages. First,
the p — p and n — p interactions can be studied sep-
arately instead of being averaged together. Also, the
half-off-shell kinematic conditions of each scattering
event are determined experimentally instead of being
averaged over, resulting in more explicit information.
Most importantly, because the residual nucleus energy
is determined experimentally, knockout from individ-
ual nuclear orbitals can be distinguished. To maximize
medium effects, we may therefore select events cor-
responding to knockout from an orbital whose wave
function has the bu'k of its strength within the nu-
clear surface. The Is orbital satisfies this criterion as
well as simplifies the interpretation of the data further
by precluding any initial effective polarization of the
struck nucleon due to distortion effects [Jacob et al.,
Nucl. Phys. A 257, 517 (1976)]. Kinematically empha-
sizing the nuclear interior avoids problems associated
with surface-peaked reactions such as inclusive quasi-
free scattering - for example the local density approxi-
mation is most suspect near the nuclear surface where
the density gradient is large.

The capability of the exclusive reaction to empha-
size the nuclear interior has been studied theoretically
by incorporating into a non-relativistic DWIA calcu-
lation [Chant et al., Phys. Rev. Lett. 43, 495 (1979);
Chant and Roos, Phys. Rev. C 15, 57 (1977)] the den-
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sity dependence of Horowitz and Iqbal [op. cit.]. The
radial dependence was explicitly included by relaxing
the usual factorization approximation. It was found
that modifications to certain spin observables were in-
deed predicted to be large - as much as a factor of
two reduction in Ay, for example (see TRIUMF Ex-
perimental Proposal 473, Miller ei ai, 1987).

In an effort to exploit the advantages of the exclusive
reaction, spin observables for knockout of Is nucleons
have been measured for the first time. The choice of a
\p shell nucleus, 1 60 , as well as a beam energy of 500
MeV were defined by the need to minimize the effects
of absorption on the final state nucleons. In the first
phase of the experiment, the analyzing power j4ywas
determined while in a later run, the spin transfer pa-
rameters /?, ' , , D,n and P were measured.

The experiment was carried out with the polar-
ized proton beam from the TRIUMF cyclotron. The
medium resolution spectrometer (MRS) was used to
detect and identify a proton in coincidence with a

16O(p,2p)15N(is l/2) at 500 MeV
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Fig. 44. Analyzing powers for knockout of protons from the
Is state in I 6 O , plotted vs. the difference between the final
state proton energies. The curves show distorted wave im-
pulse approximation calculations. Relativistic density de-
pendence is (not) included in the case of the (dashed) solid
curves. The dashed curves differ little from the values for
the free p — p interaction.

lower energy proton which was detected in a crude
magnetic spectrometer consisting of a dipole magnet
with tracking from four vertical-drift chambers. The
missing-energy resolution was adequate to easily re-
solve the Is knockout from the two p states and to
resolve the p states from each other via peak fitting.
Analyzing power measurements were done at MRS an-
gles of 20°, 25° and 30° while the spin transfer mea-
surement was done only at 25°. In each case, the other
detector arm was optimized for minimum recoil mo-
mentum at the Is separation energy of 40 MeV.

Figure 44 shows analyzing power results for knock-
out of Is protons from 16O. They are drastically re-
duced in comparison with the free values shown for
the sanr- two-body kinematic conditions. The degree
of "quenching" of A^is larger than that found in inclu-
sive measurements as well as expectations based on
the density-dependent DWIA calculation mentioned
above. Although the optical potentials for l eO used
here are only crude, they had little effect on the ana-
lyzing power in the absence of the density dependence.
A more interesting comparison will be with the new
finite-range Dirac-based DWIA calculation which im-
plicitly includes modified Dirac spinors [Cooper and
Maxwell, Nucl. Phys. A 493, 468 (1989)].
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Fig. 45. Analyzing powers for knockout of protons from the
lj> states in I6O , plotted vs. the difference between the final
slate proton energies. The curves have the same meaning
as in Fig. 44.
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Fig. 46. Polarization and spin transfer to the final slate
proton detected al 25° for knockout of protons from the Is
state in 16O , plotted vs. the angle of the other final state
proton. The data are averaged over the range of difference
between the find state proton energies shown in Fig. 44.
The curves have the same meaning as in Fig. 44.

Analyzing power data for p-state knockout aie
shown in Fig. 45. They reveal the familiar spin-orbit
splitting due to the struck nucleon effective polariza-
tion induced by final state distortions. Hence they are
manifested through the jVjV spin correlation parame-
ter Ayy. The degree of splitting therefore is sensitive
to medium modification of this NN observable. How-
ever, such interpretation will require careful compari-
son with a calculation using reliable optical potentials.

Figure 46 shows the spin transfer data which have
been averaged over the energy sharing acceptance be-
cause the statistics are poorer and there is no indica-
tion of much dependence on this kinematic variable, ei-
ther in the data or calculations. The data suggest that
medium modifications aie present but smaller than in
the case of Ay. The effects on D,>, and P are in the di-
rection predicted by the density-dependent DWIA but
opposite in the case of D,IJ. For a definitive compar-
ison, we must wait for the results of the Dirac-based
DWIA. Its application to the relatively light nucleus
16O has been delayed by the difficulty of dealing with
three-body kinematics in the context of the Dirac equa-
tion.

Experiment 475
Quasielastic analyzing powers using the (p, n) reac-
tion
(K. Hicks, Ohio)

The (p, n) reaction was measured in the quasifree
region on two different targets and at incident proton
energies of 290 and 420 MeV. The CHARGEX facil-

ity in the large-angle configuration was used for this
measurement. The experiment measured the analyz-
ing power at energy losses corresponding to quasifree
knock-out of the second nucleon in the target. The
purpose of the experiment was to compare these an-
alyzing powers to those predicted by relativistic and
nonrelativistic calculations. To date, only the relativis-
tic calculations have been successful in describing the
data for (p,p) analyzing powers in the quasifree re-
gion, which are suppressed by 30% or more compared
to the analyzing powers for free nucleon-nucleon scat-
tering. The relativistic calculations do not predict a
suppression for the (p, n) analyzing powers, but rather
predict a slight enhancement compared to free nucleon-
nucleon scattering. The data from Expt. 475 roughly
agree with the analyzing powers for nucleon-nucleon
scattering, and agree within errors with the relativis-
tic calculations. It is difficult to see how any nonrel-
ativistic calculation can obtain agreement with both
the (p,n) and {p,p) analyzing powers in a consistent
manner. The results of Expt. 475 have been written up
for publication and will be submitted to Phys. Rev. C
in spring, 1992.

Experiment 476
Angular correlation study of "C(p,p'yyiC'(16.1
MeV) using complete kinematics
(K.H. Hicks, Ohio; M.A. Kovash, Kentucky)

We have measured the angular correlation of de-
excitation gamma-rays following inelastic scattering of
intermediate energy protons by a 12C target. The az-
imuthal distributions of 15.1 MeV gamma-rays emit-
ted at a vertical angle of 45° were measured for incident
proton beams of 350 MeV, with N, L, and S polariza-
tions.

Scattered protons were momentum-analyzed and de-
tected in the focal plane of the MRS spectrometer. A
water tank was constructed on the MRS platform to
allow coverage of the range of scattering angles from 5°
to 13° while providing a low-background dump for the
beam. A scattering chamber was fabricated to facili-
tate mounting 10 gamma-ray detectors in lead shields
both over, under, and around the target position.

In all, eight bismuth germanate (BGO) and two bar-
ium fluoride (BaF2) counters were positioned near the
target at. angles spanning 200° in azimuth. Specially-
built amplifiers were used to minimize pulse pile-up
and provide stable gamma-ray spectra at the high
counting rates encountered.

The relative efficiency of each detector was deter-
mined by measuring the yields of a 6 MeV gamma-ray
source positioned at the location of the carbon target,
and by measuring the isotropic coincidence correlation
of 3.5 MeV gamma rays following inelastic proton scat-
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Fig. 47. Example of the measured azimuthal correlation on
the 12C target at 0P=8°.

tering on a 6Li target. These results were extrapolated
to 15.1 MeV gamma-ray energy with the EGS electron-
gamma shower code.

An example of the measured azimuthal correlation
on the I2C target at 0p=8° is shown in Fig. 47; the inci-
dent beam is polarized sideways. The harmonic depen-
dence indicative of a 1+ —* 0+ transition is apparent
in the data.

The first-pass analysis of the data has been com-
pleted by Mr. Lody Armendarez, a graduate student
at the University of Kentucky. Additional work is now
underway.

Experiment 482
Measurement of the polarization transfer parame-
ters in pd elastic scattering
(R. Abegg, TRIUMF/Alberta)

The proposal was to measure angular distributions
of the polarization transfer parameters KNN, KLS and
Kss for pd elastic scattering at 200, 290 and 400 MeV.
In an earlier run, angular distributions were obtained
at 200 and 400 MeV and a partial distribution at 290
MeV. We received beam time in August/September
to complete the experiment. The polarization transfer
parameter KNN was measured at 290 MeV for lab an-
gles of 60°, 70° and 80°. Angular distributions of the
polarization transfer parameters KLS and Kss were
recorded for the laboratory angular range of 20° to
80°, in 10° steps and an incident proton energy of 290
MeV. An angular distribution (20°-60°, 10° steps) of
the analyzing power was measured at 200 MeV thus
completing the data-taking phase of the experiment.
The data are currently being analyzed.

Experiments 486, 562
Spin isovector giant resonances in deformed nuclei
(B.M. Spicer, Melbourne)

The TRIUMF charge exchange facility was used to
study the (n,p) reactions on targets of 23SU and 181Ta,

using four self-supporting targets in the segmented tar-
get box developed by R.S. Henderson. The fifth target
position held a CH2 target, which was used for cross
section normalization. The neutrons were produced by
the 7Li(p, n)7Be reaction at 300 MeV, and the pro-
tons from the reaction were momentum-analyzed in the
MRS and their energy distributions obtained. These
distributions were corrected in order to subtract off the
effect of the long tail on the produced neutron spec-
trum, for the finite angular acceptance of the MRS,
for the (small) inefficiencies of the wire chambers in
the target box, and for the energy loss of the protons
in the target layers succeeding the one in which the
event took place.

The resulting spectra have been analyzed in the fol-
lowing two ways:
1. A multipole decomposition of the total spectrum
has been made. The results of that decomposition are
shown in Fig. 48 for the lowest multipoles, for the cases
of 238U and 181Ta, with the case of the spherical 120Sn
shown also for comparison.
2. A subtraction of the quasi-free charge exchange scat-
tering has been made using the form indicated by

»°Sn(n,p)uoln ""U(n,p)"*Pg

EXCITATION ENERGY (MeV)

Fig. 48. Results of the multipole decompositions of the
(n, p) spectra from targets of (i) J20Sn (spherical), (ii) I81Ta
(deformed) and (iii) 238U (deformed). The multipole distri-
butions shown are for L = 0 denoted by (a); L = 1 (b);
1 = 2 (c); and L = 3 (d).
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Smith and Wambach [Phys. Rev. C 36, 2704 (1987)] for
the shape of that spectrum, and the residual spectrum
has been the subject of a multipole decomposition.

The most surprising consequence of comparing the
results of the multipole distributions is the difference
between the higher-L distributions for 181Taand 238U.
The strength of the L = 2 distribution for 181Ta con-
trasts with the weakness of that distribution in 238U,
while the strength of the L — 3 multipole in that nu-
clide is in complete contrast to the weakness of the
L - 3 distribution in 181Ta. We believe that this ef-
fect is real, as all the tests that have been applied have
failed to remove it. Attempts to interpret the strength
distributions of the multipoles up to L = 3 are contin-
uing.

Experiment 496
Measurement of the polarization transfer coeffi-
cient KLS in the pp — dir+ reaction
(R. Abegg, TR1UMF/Alberta)

We have measured the polarization transfer asym-
metries of the reaction pp —* dir+ from the longi-
tudinally polarized proton to the sideways polarized
deuteron for deuteron centre-of-mass angles from 25°
to 140°. Our longitudinal to sideways polarization
transfer data are best represented by the partial-wave
amplitude fits of D.V. Bugg et al. while several model
calculations are only in qualitative agreement.

Experiment 504
Analyzing powers for jr* - 1 3 C scattering at 7^ = 100
MeV
(J.T. Brack, UBC; G.R. Smith, D. Healey, TRIUMF)

Although polarized beams of leptons and hadrons
have been available for many years it is only recently
that polarized nuclear targets of A > 2 nuclei have
become available, thus making possible the measure-
ment of spin observables using the spin-zero pion as a
probe. We report here on the first in a planned series of
TRIUMF experiments using polarized nuclear targets,
measuring pion scattering analyzing powers for the i~
ground and |~ 3.68 MeV excited states of polarized
13C , at angles near the second minimum in the 13C
elastic cross section.

Since the meson facilities came on line in the mid
1970's a large body of pion-nucleus differential cross
section data has been accumulated. The differential
cross sections are proportional to the sum of the
squares of two scattering amplitudes, / and g, describ-
ing the non-spin-flip and spin-flip contributions to the
interaction.The non-spin-flip amplitude (/) dominates
the cross section observable at most scattering angles,
while the relatively small spin-flip amplitude (g) gains

prominence near the diftractive minima of the cross
section angular distribution, where the contribution
from / is small.

Under these conditions, a variety of models using
different spin-flip amplitudes can be optimized to gen-
erate reasonable agreement with the cross section data.
But these models may then have large discrepancies in
their predictions of spin observables. In contrast to the
expression for the cross section, it is the product and
relative phase of the / and g amplitudes that determine
Ay. It is expected that measurements of spin observ-
ables will assist the refinement of the various models.

The experiment was performed on the Mil chan-
nel at TRIUMF, tuned to deliver 100 MeV pions at
the centre of the experimental target. Typical rates
were between 0.5 and l.OxlO6 TT/S. Beam incident on
the target was denned by a single scintillator. Scat-
tered particles were detected in the QQD spectrometer,
used near the upper end of its 200 MeV/c momentum
range. The large radius of the target cryostat outer vac-
uum window dictated that the first wire chamber and
quadrupole magnet be removed from the spectrometer
front end to accommodate the polarized target. Two
scintillators (El and E2) were placed at the back end
of the QQD. A coincidence ElxE2 defined a spectrom-
eter event, and this in coincidence with a beam event
provided the event trigger for the experiment.

The target was a modified version of a butanol
(C4H9OH) target used previously at TRIUMF for pion
scattering experiments from polarized protons [Se-
vior et al, Phys. Rev. C 40, 2780 (1989)] and
deuterons [Smith et al., Phys. Rev. C 38, 251 (1988)]
and has been described in detail in those works. For the
present work a butanol compound was used in which
the carbon content was 99% 13C enriched. Polariza-
tion was achieved in a 2.55 T magnetic field by irra-
diation with microwaves at frequencies of 70.450 GHz
(positive polarization state, with spin parallel to B)
or 70.870 GHz (negative state). The reduced field, or
"frozen spin" mode was not used, and pion scatter-
ing data were taken with the target field at 2.55 T.
Typical polarizations achieved during the experiment
were 27±2% for the positive state and 29±2% for the
negative sti;.•».

The relatively long time (~six hours) necessary for
target polarization precluded the use of our preferred
data-taking sequence. In most previous experiments by
this group, the target was polarized in a sequence of
orientations symbolized by -1 M 1- before mov-
ing to the next angle. The multiple runs for each tar-
get polarity allow checks on systematic uncertainties.
Here, time constraints dictated that data be acquired
at several angles before flipping the polarization of the
target, with the result that the polarization sequence
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for the various runs at a given angle was modified to
+ H , and these runs were spread over a period of
weeks.

Several factors contributed to the overall energy res-
olution. The greatest single contribution was due to the
large Ap/p setting for the channel necessary to obtain
reasonable fluxes, producing energy spreads of 1.6 and
2.4 MeV (FWHM) in the incident pion energies for the
7T+ and 7r~ data, respectively. Other primary contri-
butions come from the energy loss in the target (~1.5
MeV) and from the resolution of the QQD (~1.5 MeV
in this configuration), resulting in an intrinsic resolu-
tion of between 2.5 and 3.2 MeV, depending on angle
and pion polarity.

A missing mass spectrum was formed from the
events remaining after several cuts had been applied
to the data to remove events due to scattering from
non-butanol content of the target and due to pion de-
cay in the spectrometer. The beam-normalized empty
target spectra were then subtracted from those of the
foreground and oxygen runs. Finally, the oxygen back-
ground was normalized for beam and target thickness
and subtracted from the foreground spectra. As seen
in Figs. 49 and 50, the helium peak was split into two
distinct scattering energies due to the reflection-mode
target geometry. This splitting of the helium peak in
the foreground spectra made it virtually impossible to
make use of the measured helium background spectra.
In the kinematic region explored here, only the ground

1200-

1000-

-30 -20 -10 0

Missing Mass (MeV)
10

Fig. 49. A sample spectrum of the reconstructed missing
mass for the foreground butanol target showing the associ-
ated background target contributions, as measured in sep-
arate runs. The background runs have been normalized as
described in the text. The pion scattering angle was 130°ab.
A cut eliminating scattering from the target pillars has been
applied to these data.

and 3.68 MeV excited states of 13C contribute sig-
nificantly to the spectrum. A Gaussian fitting routine
was used to extract the yields from the resulting his-
tograms.

As a systematic check on the subtraction process
outlined above, the normalized raw spin-down spectra
were subtracted from the spin-up spectra, as shown in
the lower portion of Fig. 50 for a typical case. Inte-
gration of the resulting difference spectrum over the
ground state or 3.68 MeV excited state region pro-
vided a quantity proportional to the numerator of the
asymmetry expression, which could be compared to the
equivalent quantity calculated from the fitting tech-
nique. This difference method minimizes uncertainties
associated with the background subtractions, or with
the peak fitting routine. In all cases, the results from
the two methods agreed within the uncertainties cal-
culated for the Gaussian fit method. The uncertainty
in the area of each 13C peak was derived from a
quadrature addition of the statistical uncertainties of
the fitting routine with twice the background area con-
tributed by surrounding Gaussians.

The averages of the spin-up and spin-down relative
cross sections for the 13C ground state and 3.68 MeV
excited state obtained from the fits described above are
displayed in parts (a) of Figs. 51 and 52, along with
the spin-averaged absolute differential cross sections
measured by Antonuk et al. [Nucl. Phys. A 420, 435
(1984)]. The present data were normalized to the cross

1200

-200
- 3 0 10- 20 -10 0

Missing Mass (MeV)
Fig. 50. A sample spectrum of the final data, showing the
fit from which the yields were extracted. This spectrum is
the final result after subtraction of the data shown in the
previous figure. No additional cut has been applied. Be-
low this is a sample of the difference spectra, formed from
the normalized difference of the raw spin-up and spin-down
missing mass histograms. No cuts or background subtrac-
tions were applied before the difference was taken.
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Fig. 51. The ground state spin-averaged relative cross sections (a) and the polarization asymmetries Ay (b) are shown
for 1 3 C ( ; T ±

> T ± ) scattering at T»=100 MeV, as measured in this experiment (solid symbols). In (a), the absolute cross
sections of Antonuk et al. [op. cit.] (open diamonds) are shown for comparison. The curves are from the predictions of the
models of Mach and Kamalov [Nucl. Phys. A 511, 601 (1990)] (solid line uses Cohen-Kurath wave functions [Nucl. Phys.
A 226, 253 (1974)], long-dashed line uses Tiator wave functions [Phys. Lett. B 125, 367 (1983)]), Chakravarti [Univ. of
Minnesota Progress Rpt., 19 (1990); private communication] (short-dashed line uses Cohen-Kurath wave functions [op. cit.])
and Siegel [private communication] (long-short-dashed line). Error bars on the present data reflect statistical uncertainties,
added in quadrature with those from background subtraction.
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Fig. 52. As in Fig. 51, but for the 3.68 MeV excited state.

sections of Antonuk et al. for the 3.68 MeV excited
state, where the angular distribution is flat. In general,
the present measurements for the 3.68 MeV state track
with the absolute cross sections of Antonuk et al. [op.
cit.], but the ground state cross sections appear low at
back angles compared to the absolute cross sections.
We have no explanation for this discrepancy.

Also shown in parts (a) of Figs. 51 and 52 are
predicted cross sections from the models of Siegel,
Chakravarti, and Mach and Kamalov. Although the

agreement between the calculations of each of these
models and the measured cross sections might be char-
acterized as poor at forward scattering angles, the de-
scriptions are inadequate [Antonuk et al., op. cit.] at
the comparatively large angles presented here and miss
at extreme back angles by between one and two orders
of magnitude.

It is perhaps no surprise then that there is also no
consistently accurate description of the asymmetries,
shown in parts (b) of Figs. 51 and 52 and listed in
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Table V. The polarization asymmetries Ay for
13C(ir±,r±)13C scattering for the ground and 3.68 MeV
excited states at 7V=]00 MeV.

Or cm.

110
120
130
140
150
110
120
130
140
150

Polarity Ay (g.s.)

*+ -0.03±0.25
*•+ -0.25±0.23
JT+ -0.17±0.19
JT+ -0.13±0.11
JT+ -0.24±0.10
*~ 0.29±0.23
x~ -0.07±0.22
* - O.OOiO.H
r~ 0.12±0.11
*" -0.00±0.08

Ay (3.68 MeV)

0.16±0.32
0.30±0.27
0.15±0.23
0.20±0.20
0.34±0.22
-0.08±0.24
0.04±0.22
0.05±0.17
-0.10±0.20
-0.14±0.18

Table V. For both ir+ and JT~, the data are within
1.5 standard deviations of consistency with zero asym-
metry. The present Av data for n~ are consistent with
those of Yen ei al. [Phys. Rev. Lett. 66,1959 (1991)] at
slightly higher energy (TT=114 MeV), although the 14
MeV difference in incident pion energy is perhaps too
large for a reliable comparison. For example, the pre-
dictions of S. Chakravarti [Univ. of Minnesota Progiess
Rpt., 19 (1990); private communication] between 100°
and 120° vary severely between 100 and 132 MeV.

We note in conclusion that the measurements re-
ported here required an extraordinarily long running
period and still the uncertainties in the resulting data
are dominated by a lack of statistics. As a result, fur-
ther measurements of Ay by this group will await com-
pletion of a 360° angular acceptance magnetic spec-
trometer being constructed at TRIUMF to facilitate
measurements such as these. The results of this exper-
iment have now been accepted for publication in Phys.
Rev. C.

Experiment 506
Low energy pion deuteron absorption
(E.I. Mathie, Regina)

The first run of this experiment was completed in
1990. During 1991 the analysis of this experiment was
pursued in parallel with other few-body physics efforts
(notably pion deuteron breakup which is discussed in
Expt. 375, this report). In general the pion deuteron
absorption reaction is the best known reaction (al-
though not the best understood) of the set of coupled
nNN reactions, which include both ird and NN elas-
tic scattering and the breakup reactions. At low en-
ergies this is not fully the case, and an aim of this
experiment is to use polarization dependent informa-

tion to more thoroughly describe the reaction in this
kinematic region. Polarization observables are in gen-
eral more sensitive to the subtle aspects of a reaction
and figure prominently in the determination of a set of
amplitudes which empirically represent the data.

This experiment made use of a 12 arm time-of-flight
array of plastic scintillation counters, which enabled
the coincident detection of the final state protons for
six reaction angles in one setting of the detectors.
These absorption vector analyzing power data were ob-
tained with the TRIUMF polarized deuterium target,
which has been used in many of the related few-body
experiments measuring for example the tensor analyz-
ing powers in nd elastic scattering. Data has been ob-
tained at both 25 and 65 MeV.

These data were collected using the TRIUMF stan-
dard VDACS system, and efforts this year include
adapting the standard event by event analysis package
used at Regina to analyze VDACS produced tapes.

Experiment 537a
Radiative decay of the A resonance: cross sections
for r~p —» yn
(D.F. Measday, UBC)

Precise measurements of the angular distribution of
cross section for the reaction n~p —+ yn have been
completed over the range of pion energies from 45 to
231 MeV. The experiment was designed both to mea-
sure forward-angle cross sections in the energy range
where previous [Bagheri et al., Phys. Rev. C 38, 875
(1988)] TRIUMF data have been collected at larger
angles, and to measure complete angular distributions
at energies throughout the range of the A resonance.

Gamma rays were detected in a large Nal spectrome-
ter developed at Boston University. The measured en-
ergy resolution at Ey = 129 MeV was 1.7% - about
a factor of three better than the TINA spectrometer
used in the previous TRIUMF experiment. This im-
proved resolution allowed capture data to be collected
at much higher pion energies, since gamma rays from
the nearby charge-exchange reaction v~p —> T°n could
be easily resolved.

Figure 53 shows the gamma-ray spectrum collected
at 90° with 149 MeV pions incident on a liquid hy-
drogen target. The target-empty gamma-ray yield has
been subtracted. The radiative capture transition ap-
pears at a higher energy than the distribution of
gamma-ray energies from TT° decay, although there is
a small overlap observed in the spectrum. In order to
extract accurate capture yields, a Monte Carlo simula-
tion of the gamma-ray energy spectrum was developed.
It modelled the effects due to the finite size and resolu-
tion of the pion beam, the effect of the 25-cm-long lead
collimator located in front of the gamma-ray detector,
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Fig. 53. Gamma-ray spectrum collected at 90° with 149
MeV pions incident on a liquid hydrogen target.

and the spatial development of the shower in the seg-
mented Nal crystal. The excellent agreement between
these calculations and the measured data apparent in
Fig. 53 provides confidence in the extracted yields.

With the placement of a large-gap dipole magnet
downstream of the hydrogen target it was possible to
collect gamma-ray energy spectra at angles as small
as 5°. These data are important in establishing the
strength of the ^-channel pole, as pointed out by
Moravcsik [Phys. Rev. 104, 1451 (1956)]. The angu-
lar distribution data shown in Fig. 54a show the com-
plementarity of the new results (solid circles) and the
previous TRIUMF data (open circles), shown here at
TV = 76.4 MeV. The new results at the highest en-
ergy studied (TV = 231 MeV) are shown in Fig. 54b.
Accompanying these data are the predictions of two
multipole solutions from the code SAIDX [Arndt et
al., Phys. Rev. D 32, 32 (1985)].

The data analysis has been recently completed by a
student from the University of Kentucky, Mr. Maozhi
Wang, and a paper is in preparation.

Experiment 537b
Radiative decay of the A resonance: analyzing pow-
ers for ?r~p —• yn
(M.A. Kovask, Kentucky; D.F. Measday, UBC)

The polarized-target asymmetry for the radiative
capture reaction ir~p —• yn has been measured at pion
energies of 100, 150 and 200 MeV at center-of-mass an-
gles of 45°, 90°, and 135"; and also at 250 MeV at 90°.
These 10 data points span the A resonance, and have
been measured with sufficient statistical accuracy in a
background-free experiment to provide new analyzing

b'C
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T , _=S31.0 MeV
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Fig. 54. a) Complementarity of new results (solid circles)
and previous TRIUMF data (open circles), shown here i t
T* = 76.4 MeV. b) New results at highest energy studied
(7V = 231 MeV).

power results with an accuracy at least three times
better than previous data [Kim et al., Phys. Rev. D 43,
687 (1991)] available above the peak of the resonance.

Data were collected in the Mil channel using the
TRIUMF 'frozen-spin' target. High-rate wire chambers
were used to image the pion beam onto the 28-mm-
wide target cell, composed of butanol beads cooled to
60 mK. Target polarizations of 0.75 were typical.

Gamma-rays were detected in BUNI, the Boston
University Nal spectrometer, with an energy resolu-
tion of about 2% FWHM. Radiative capture events
from free protons in the target were kinematically se-
lected by requiring a coincidence with the recoil neu-
tron. Neutrons with energies from 10 to 100 MeV were
detected with high efficiency in an array of twenty
vertically-standing 10 cm x 10 cm x 100 cm plastic
scintillator bars positioned 400 cm from the target and
containing photomultiplier tubes on both ends. The in-
trinsic time resolution of these detectors was measured
to be about 200 psec, allowing neutron events to be
localized to a resolution of about 10 cm x 10 cm.

The principal background was pion charge-exchange
on the free proton in the target, which occurs with a
rate approximately 100 times larger than for radiative
capture. The combination of good resolution in both
gamma-ray energy and neutron time-of-flight allowed
a complete separation of these events. Figure 55 shows
an on-line spectrum of neutron TOF vs. gamma-ray en-
ergy collected at the kinematically most difficult point,
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Fig. 56. On-line results for the polarized-target asymmetry
at 200 MeV pion energy.

- 250 MeV pion energy. The capture events are cleanly
resolved, and the contamination due to quasi-free cap-
ture and CEX is eliminated by the tight kinematic con-
straints placed upon these data.

The on-line results for the polarized-target asymme-
try at 200 MeV pion energy are shown in Fig. 56. These
very preliminary results are indicative of the sensitiv-
ity of the data in discriminating among various calcu-
lations. Here the SP89 solution of SAIDX [Arndt et ai,
Phys. Rev. D 32, 32 (1985)] is compared with a recent
calculation of Nozawa [private communication (1991)].

The data analysis is underway, and is the disser-
tation project of Mr. John Stasko, a student at the
University of New Mexico.

Experiments 540, 596, 631
Giant spin A/1 excitation in deformed nuclei around
A = 550 - 160 and A -- 238
(D. Frekers, H.J. Woriche, TH-Darmstadi/TRIUMF)

There are two fundamentally different types of M1
excitation modes in non-spherical nuclei both of which
have been extensively discussed in the past - the low
lying excitations (occurring below 4 MeV) that are pre-
dominantly of orbital type, and the giant spin excita-
tions, which are deemed to exist at higher excitations
but for which most of the experimental evidence has
been lacking up to now.

The discovery of the orbital M1 excitations in de-
formed nuclei goes back to (e,e')-studies done at
the DAL1NAC at the University of Darmstadt. At
TRIUMF we have established a program in collabora-
tion with the University of Darmstadt to identify the
giant spin A/1 excitations in these nuclei. Three ex-
periments (Expt. 540, Expt. 596 and Expt. 631) have
been performed and are presently nearing completion.

Intermediate energy proton scattering at very small
angles has been used to provide a clean signature for
the nuclear isovector spin Ml response. Data have
been obtained for the rare earth nuclei 150Nd, 154Sm,
156 G d i 15S G d a n d 168Ef a n d t h e a c t i n i d e s 23SU a n (J
232Th. All of these measurements reveal exciting and
unexpected new features for the spin part of the M1
transition operator.

The measurements were performed at the medium
resolution spectrometer (MRS) and over the course of
this project many features were added to the detec-
tion system to improve trigger purity and to reduce in-
strumental backgrounds. Background control and good
track reconstruction capabilities are essential at small
angles, as imperfect beam optics and the intense small
angle elastic scattering from high-Z targets provide a
hostile environment. The development of a powerful
small angle configuration at the MRS is a continuing
effort at TRIUMF. This is reflected by the continu-
ously improving quality of the data.

Experiment 540

In Fig. 57 we show proton spectra for three nuclei
taken at angles 0 = 3.4° and 4.9°, and covering an ex-
citation up to 12 MeV. In Fig. 58 we show more recent
spectra on IS0Nd and l58Gd at angles of 2.8° and 3.2°
and up to excitation energies of 22 MeV. One notices
that at large excitations the spectra are dominated by
Coulomb excitation of the electric giant dipole reso-
nance (GDR), which peaks at around 12 to 15 MeV,
and whose tail contributes to most of the "background"
at lower energies. Also, in none of the cases are the 1+
states near 3 MeV observed, proving their predomi-

45



0 2 4 6 8 1 0 1 2 0 2 4 6 B 1 0 1 2 0 2 4 6 8 1 0 1 2

Ex [MeV]
Fig. 57. Proton spectra taken at 200 MeV incident eneigy for the taiget nuclei 1MSm, 148Gd and 1<>8Er at two different
forward angles. At 3.2 and 3.4 MeV are marked the positions of the orbital mode excitations seen in («,«') and (7.7')
[Hartmann et ai, Nucl. Phys. A 465, 25 (1987); Pitz et al, Nud. Phys. A 492, 411 (1989); Ziegler et of., Phys. Rev. Lett.
65, 2515 (1990); Metzger, Phys. Rev. C 13, 626 (1976)].

nantly orbital character. However, at energies between
6 and 10 MeV we observe in all cases a structure su-
perimposed onto the tail of the GDR. The structure is
double-peaked (most noticeably for 1MSm and 150Nd )
with centroids at around 6 and 8.5 MeV and widths of
about 1.5 and 2 MeV. The effect decreases rapidly with
increasing angle indicating a AL = 0 spin transition.

An attempt was made to extract the total strength
for the observed structures. For that we have taken a
simple approach and assumed a quadratic dependence
for the background in the region from 5 to 10 MeV.
The profile of the background is indicated as a smooth
solid line in Figs. 57 and 58.

The results of this procedure for all five nuclei are
shown in Fig. 59 as a function of the scattering angle.
As one can see, the cross section appears to be largely
independent of the nucleus. This is what one naively
expects as the strength of the transition is related to
the number of contributing nucleons which should not
change dramatically in this mass region. The solid line
is a distorted wave calculation used to extract the total
strength.

Two aspects of our measurements are remarkable,
(1) the apparent concentration of Ml strength in
view of the large number of qp states in this en-
ergy regime, and (2) the occurrence of the double

10
EjMeV]

15 20

Fig. 58. Proton spectra on 1S0Nd and 15'Gd covering an
excitation up to 22 MeV. The shaded area is the region of
spin Ml excitation.

46



10" p

10" r

10
- 1

8 10

Fig. 59. Extracted angular distribution for the structures
observed in Figs. 57 and 58 compared with a simple dis-
torted wave calculation to extract the total strength.
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Fig. 60. B(Afl) strength distribution for 1MSm overlayed
with calculation from Zawischa and Speth [Phys. Lett. B
252, 4 (1990)]. The grey curve indicates the K = 1 and the
black curve the K = 0 contribution to the total strength.
The scale to the left refers to the experimental data and on
the right to the theoretical curve.

structure. In Fig. 60 we have plotted the experimental
B(M1) strength distribution for the 154Sm case, where
the double structure is most clearly pronounced. These
data are overlayed with recent QRPA calculation of
Zawischa and Speth [Phys. Lett. B 252, 4 (1990)] for
the same nucleus. The data are well described by the
calculations, in particular the occurrence of the double
structure. The smooth distribution in Fig. 60 is ob-
tained after folding the theoretical results with a Gaus-

sian, whose width increases linearly from T = 0.1 MeV
at Ex = 4 MeV to 1 MeV at 9 MeV. The folding ac-
counts for higher order qp mixing. (We mention that we
have arbitrarily scaled down the theoretical curve by a
factor of two, partly to remove the effect of the larger
value of the total strength, which is calculated to be
at B(Ml) = 15 fiN as opposed to the experimentally
deduced value of B(M1) = 11 fiN.) The above authors
show that the splitting of the Ml strength distribution
is not caused by the splitting of the K — 0 and K = 1
components as is the case of the GDR. In fact, the
splitting is largely an effect of the K — 1 component
alone.

A deformed shell model calculation performed by
DeCoster and Heyd [Nucl. Phys. A 524, 441 (1991);
ibid., 529, 507 (1991)] produces a similar double struc-
ture and the calculations give an equally good account
of the experimental situation. These authors show that
the effect is a result of an energy splitting between neu-
tron and proton qp excitations. In the above case the
lower structure is a rather pure proton qp state and
the higher structure a neutron qp state.

Experiment 596

The double structure seen in the excitation spec-
trum of 154Sm was further investigated by measur-
ing the spin-flip probability SNN using polarized pro-
tons. In these experiments the change of polarization
of the scattered proton provides a unique and unam-
biguous signature for a spin excitation. Transitions
like the Coulomb excitation of the GDR do not con-
tribute to SNN, and one may therefore hope to get a
B(M1) strength distribution that is less dependent on
the details of the background in the cross section. At
TRIUMF, measurements of spin observables are rou-
tinely performed with the MRS focal plane polarime-
ter [Hausser et al., Nucl. Instrum. Methods A 254, 67
(1987)]. Unfortunately such measurements suffer from
low efficiencies (—1-2%), and beam time requirements
are substantial. In Fig. 61 we present our first measured
spin flip probability data for the 1MSm case showing
a clear correlation with the double structure seen in
the raw cross section data below 10 MeV. They also
demonstrate that measurements of spin observables are
highly selective and can be employed as a powerful
tool to obtain specific information about the nuclear
response.

Experiment 631

Finally we want to draw attention to the heaviest
system, 238U. This is the nucleus where a prediction
for a double humped structure for the spin Ml exci-
tation was first made [Zawischa et al., Phys. Rev. C
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Fig. 61. Spin flip probability Srrtf tot 223 MeV polarized
proton scattering on 1MSm. The structure between 5 and
10 MeV correlates with the raw cross section data in Fig.
57.

42, 1461 (1990)]. Further, the spin Ml strength was
predicted to lie at significantly lower energies. In Fig.
62 we show the results of our first attempt on small
angle (here 2.67°) scattering from 238U at 200 MeV.
The data are still very preliminary and more experi-
mental beam time is being scheduled to improve the
statistical significance of the signal. Yet, we may al-
ready identify a structure in the cross section near 4.5
MeV excitation. We also note that the "background"
from the tail of the GDR is larger by about a factor
of 5 than in the rare earth region (cf. Fig. 58). In es-
timating the shape of the background we have once
more used the somewhat empirical approach outlined
above. The second structure is not as clearly visible as
in the cases of the rare earth, but because of limited
statistics its existence cannot be ruled out either. The
insert shows the strength distribution extracted in this
way and compared with the calculations of Zawischa
et al. [op. cit.]. We also wish to point out that most
of the theoretical strength and particularly the double
structure is again due to the K — 1 component alone,
as was already shown in the case of the rare earth.
Our total extracted strength lies between 15 and 25
fx2

N, depending on the shape of the background, and
is consistent with 19 fi% calculated in Zawischa et al.
[op. cil.].
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Fig. 62. Proton spectrum taken at 200 MeV for the target
nucleus 238Ur. The insert shows the B(M\) distribution
obtained by an empirical background subtraction indicated
by the smooth line. The strength function is compared with
calculations from Zawischa et al. [op. cit.]. The K = 0 and
K = 1 components are indicated.

Experiment 542
Spin-observables from isS(p,piy)
(K. Hicks, Ohio; A. Trudel, SFU)

The (p, ply) reaction is sensitive to parts of the pro-
ton scattering amplitude that are not available from
experiments that measure only the spin of the incident
and scattered proton. The detected gamma-ray gives
information on the spin of the residual nucleus. A pre-
vious TRIUMP experiment (Expt. 381), published in
Phys. Rev. Lett., measured the (p,pty) reaction for the
1+ T=l state at 12.7 MeV in 12C. These results were
compared to the predictions from relativistic and non-
relativistic distorted-wave impulse approximation cal-
culations. The data were in reasonable agreement with
both calculations, although slightly better agreement
was seen with the relativistic model. A recent publi-
cation in Phys. Rev. C by Linden, et al. for a similar
experiment at Los Alamos is in good agreement with
the Expt. 381 data. The one surprising feature of the
Expt. 381 data was the failure of both calculations to
predict the behaviour of the spin-variable P - A.

The purpose of Expt. 542 was to measure the (p, ply)
reaction for the 1+ T=l state at 15.1 MeV in 28Si, in
order to determine if the results for Expt. 381 were
sensitive to nuclear structure terms. The data are cur-
rently being analyzed and will be written up for pub-
lication in summer, 1992.
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Experiment 544
An experimental search for a new light baryon
(S. Ram, A.I. Yavin, Tel Aviv)

This experiment addresses the question of whether a
long lived, low mass state, with baryon number unity,
exists. We restrict our attention to a particle (or par-
ticles), which we will call X, in the mass range Mjv +
M* > Mx > MN mostly in order to allow easier de-
tection, as the decay X —• N + n is then kinematically
forbidden, and X can be long lived even if the coupling
gxNn is strong. Some limits on gxN* were extracted
from a careful analysis oi w — N forward dispersion
relations. A bound it — N system can, just like the nu-
cleon state, manifest itself as a pole (at S = Mx with
a residue « 9xN*)- These limits are, however, rather
weak; and if we call the ratio of coupling constants K,
where K = 9XNT/9%N*> then K < 0.1. Our experi-
ment aims at improving this limit by many orders of
magnitude. We have not considered here the possibil-
ity that the X particle contains some new constituents
that are not u or d quarks, an alternative which is ex-
tremely unlikely. Even if the X particle contains no
new constituents, its dynamics and structure should
somehow differ sharply from those of the nucleon. This
diminishes the overlap between the wave functions of
the X particle and the nucleon, which in turn would
lead to the desired small hadronic interaction of the X
particle, and would suppress the X —* Nev decay. For
simplicity we will assume a common suppression by a
factor K of all, weak or strong XN transitions, so that
K = 9xN*/9%S* ~ 9A(XN)/9A(YN) ~ SxNp/9NNfi ~
9~v(XN)/9'v(NN)- T n e assumed suppression could ex-
plain why the hadronic production rates as well as
other hadronic effects of the X particles are small. This
accounts for the fact that these particles have not been
detected so far, and suggests that dedicated sensitive
searches are necessary towards this goal. This suppres-
sion would also prolong the lifetime of the X —* Net/
(or X —» Nfiis) decay, thus helping to facilitate the
specific sensitive search which is discussed below.

We have decided for the first experiment to study
the reaction pp —• nX++. The advantages to this re-
action over other possible candidates are: 1) The life-
time of X + + is expected to be longer than that of X+

or X° and the width narrower, with a finite possibil-
ity that the X++ survives while traversing a magnetic
spectrometer. 2) The mass of X++ is not much differ-
ent than that of the proton, while its charge is twice
as big. This in turn leads to a unique combination of
magnetic rigidity, time of flight (TOF), specific ioniza-
tion, and range. We also note that for this reaction,
the exit channel contains only two particles, so that
the kinematics is determined, and depends only on one

unknown quantity, the mass of X++.
The MRS was used to detect the outgoing X + + par-

ticle produced in the reaction. We used an unpolarized
proton beam, with an energy of 460 MeV. The MRS
was positioned at an angle of 15°. The selected tar-
get was a CH2 sheet (139 mg/cm2 thick). Carbon and
aluminum slabs were used as absorbers near the fo-
cal plane of the spectrometer. Their role was to ab-
sorb most of the abundant protons without absorbing
the X++ particles, whose range is almost twice as big
as that of the protons with the same magnetic rigid-
ity. Since we wished to cover the whole mass region
between 940 and 1080 MeV for X++ (i.e. a binding
energy between 0 and 140 MeV for the pion-nucleon
system), we had to carry out the experiment in two
momentum bites. In the first bite we covered the mo-
mentum range of 780 < Px < 900 MeV/c, correspond-
ing to a mass range of 1015 < Mx < 1085 MeV/c2; and
in the second bite, 880 < Px < 1016 MeV/c, for the
momentum range which corresponds to a mass range
of 920 < Mx < 1025 MeV/c2.

Identification and background elimination were done
by means of time of flight and energy loss in scintilla-
tors near the focal plane of the magnet. Background
from protons with the same magnetic rigidity as that
of the X++ was suppressed by the absorber. The two-
dimensional spectrum of time of flight vs. energy loss
was background free, in the region of the X++, allow-
ing the observation of minute cross sections.

As we have not found any X++ particle, we can only
calculate an upper limit for the cross section. We will
therefore assume, with a confidence level of 63%, an up-
per limit of one count for each of the two momentum
bites used in our measurements. We get the following
values for the upper limit of the cross section for the
reaction pp —> nX++ at a scattering angle of 15°, and
a bombarding energy of 460 MeV: dtr/dQ < 11 pb/sr,
and dff/dQ. < 25 pb/sr, for the high and low momen-
tum bites, respectively. These values for the upper limit
of the cross section would be 2.75 times bigger if one
assumes that only the free protons in the CH2 molecule
could contribute to the production of X++ in our ex-
periment. These numbers should be multiplied by e'/T,
where the exponential is the reciprocal of the survival
factor, and t is the flight time of an X++ in the 10.5 m
path from the target to the scintillators. The lifetime r
is related to the suppression factor K and is expected
to be substantially larger than t. In this case

K =
(PP - nX++) < 25 x 10-12

ff(np->pn) ~ 10-3

= 2.5x 10"8.

In conclusion, we attempted to give a partial answer
to the question of the existence of a new light baryon,
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with a mass smaller than the sum of the masses of the
nucleon and the pion. We have investigated the reac-
tion pp —» nX++, at 460 MeV incident energy and 15°
scattering angle, and found that the cross section for
the X++ production is smaller than 25 pb/sr. This in-
dicates that if such a light baryon exists, its interaction
with the "ordinary" physical world is very weak, more
than 107 times weaker than the strong interaction. We
have not found a new / = 3/2 light baryon, but on
the basis of this experiment we cannot state categor-
ically that such a particle does not exist. We wish to
stress that we have conducted our investigation in one
particular reaction, and for very specific conditions of
energy and scattering angle. Moreover, we have made
two strong assumptions, namely that the isospin of the
particle is three halves, and that its lifetime is long.
Whereas a shorter lifetime would just yield a higher
upper limit, the possibility that / = 1/2 has not been
investigated at all in our experiment. A complete an-
swer (or a less restricted upper limit for its coupling to
the ordinary world) can be given only after more stud-
ies are carried out, in particular with dedicated scatter-
ing experiments of protons, pions, electrons, and gam-
mas, which will look also for an / = 1/2 light baryon.
Searches for more exotic light baryons with an integer
isospin and with non-zero strangeness, could also be
considered.

Experiment 550
Quasi-free 16O(*+,7P)ISO
(D. Mack, W. Olsen, Univ. of Alberta)

Experiment 550 ran during the summer of 1990 on
the Mil channel. The objective of the experiment was
to measure pion radiative capture cross sections on
16O in a quasi-free geometry. The choice of 16O was
dictated by the fact that it is a tractable target for A-
hole model calculations. A comparison of calculations
to the data will indicate how well the process of radia-
tive capture is understood in the nuclear medium.

Triple differential cross sections d3ff/dil-ydQpdEy

for low-lying states corresponding to the removal of
a single nucleon from the p-shell were measured at
four proton angles and two photon angles at the two
beam energies. The experimental set-up consisted of a
large, high energy resolution (1.7%) Nal detector from
Boston University (BUNI) and four plastic scintillator
dE — E telescopes for detecting protons near the free
TT+ + n —+ p + 7 locus. There were also four "com-
plementary counters" (CCs) positioned at pion angles
corresponding to protons from TT+ +p elastic scattering
that could be detected in the proton telescopes.

The data analysis is proceeding. The thesis student
has completed an unrelated project and has moved to
CEBAF to devote full time to the analysis. LISA is

now running at CEBAF. Examples of progress since
the last report include:

1. The test file now calculates pulse pile-up and pro-
ton outscattering inefficiencies.

2. Correction for the pulse height defect in plastic
scintillator has been incorporated into the proton
energy calculation. Energy losses in the target and
air have been taken into account to provide centre
of target proton energies.

3. The particle identification variable PID = (AE +
E)a - E" has been fine-tuned and final software
cuts for separating pion and protons have been
defined.

4. The excitation of the residual 15O nucleus is now
being calculated, including the effects of nuclear
recoil. A plot of missing energy for a telescope lo-
cated near the quasi-free angle and Tr= 220 MeV
is shown in Fig. 63. The energy calibrations are
not final.

Final normalization will be done relative to the
prescaled ir++p elastic data which were taken simulta-
neously with the (ir+,yp) data. We have just begun to
calculate the elastic cross sections and are reproducing
the SAID values in all telescopes to within 15%.

175

- 2 5 75 too25 50
Missing Moss (MeV)

Fig. 63. Preliminary missing energy spectrum for the re-
action 1 6 O(T + , 7P) 1 5 O at Tr= 220 MeV. No pile-up or
outscattering rejection has been applied.

Experiment 553
Ground state correlations and GT strength in l aO
(K. Hicks, Ohio)

The (n,p) reaction is closely related to beta decay,
and so the (n,p) reaction can be used to test the
nuclear structure input to calculations of beta-decay
and inverse beta-decay. Experiment 553 measured the
(n,p) reaction on an oxygen target in order to check
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the 4hu calculations done by Haxton and Johnson that
were used in calculations of inverse-beta decay back-
grounds in water-filled neutrino detectors. Reasonable
agreement was obtained between the Expt. 553 data
and the calculations (within 25%). These results were
written up and published [Hicks et al., Phys. Rev. C
43, 2554 (1991)].

Experiment 557
Asymmetries in 100 MeV *+-3He elastic scattering
(B. Larson, SFU; 0. Hdusser, SFU/TRIUMF)

The development of high density optically pumped
3He gas targets together with the ability to reconstruct
pion vertices at rates of several MHz (see 1990 Annual
Report, p.40) has allowed us to measure the first asym-
metries in elastic pion scattering from a tri-nucleon tar-
get. Our first results which include the largest asymme-
try observed to date in pion scattering have been pub-
lished [Larson et a/., Phys. Rev. Lett. 67, 3356 (1991)].
In contrast to existing measurements on spin-1/2 tar-
gets in the lp shell [Yen et al., Phys. Rev. Lett. 66,
1959 (1991); Tacik ei al., ibid. 63, 1784 (1989)], 13C
and 15N, where the interpretation of observed small
asymmetries is made difficult by uncertainties in the
nuclear structure of the target, the nucleonic wave
function for 3He can be calculated with good accu-
racy and, furthermore, large asymmetries are expected.
Elastic pion scattering from polarized 3He is thus an
ideal probe of the detailed spin dependence of the spin-
0 - spin-1/2 pion-nuclear scattering amplitude.

The experiment was carried out with an 8 MHz
7T+ beam at TRIUMF's Mil channel. The optically
pumped polarized 3He target was at a pressure of 7.03
atm with typical polarizations in the range of 45-55%.
The scattered pions were momentum analyzed by the
QQD spectrometer. A total of four sets of multi-wire
proportional chambers (MWPC's), two placed in the
pion beam directly in front of the target and two placed
between the target and the spectrometer entrance, pro-
vided ray tracing to the target with 1-2 mm resolution.
Two different projections of the target image, onto the
beam axis (z-coordinate) and onto the plane perpen-
dicular to the beam axis (x-y plane), were used to iden-
tify the 3He events (see Fig. 64). Scattering events from
the cell volume and from the glass end caps and side
walls could be clearly distinguished.

Energy loss spectra for 0i»b = 80°, normalized to the
same incident pion flux and corrected for aberrations
and A=i kinematic shifts, are shown in the upper two
frames of Fig. 65. The 3He elastic peak has a width of
about 3 MeV FWHM. The difference spectrum shown
in the bottom frame of Fig. 65 is proportional to the
analyzing power
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Fig. 64. Pion vertices at the target projected onto the x-y
plane (top panel) and the beam (z) axis (bottom panel).
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One can conclude that the background which, for small
energy loss, arises from ~100 Torr N2 in the target, has
an analyzing power close to zero.

Experimental cross sections from Kallne et al. [Phys.
Lett. B 103, 13 (1981)], and cross sections and asym-
metries from the present work are shown in Fig. 66
together with predictions from two different models.
The full calculation [Tiator et al., Proc. Int. Work-
shop on Pions in Nuclei, Penfecola, Spain (World Scien-
tific, in press)] (solid lines) employs realistic three-body
wave functions for 3He and treats multiple scattering
by solving the Lippmann-Schwinger equation. The pre-
dictions of a schematic model [Bennhold et al., submit-
ted to Nucl. Phys.] which assumes the spin-dependent
amplitude to arise from the (polarized) neutron in 3He
are shown as dashed lines in Fig. 66. Although the
schematic model explains the existence of large Av-
values near the cross section minimum, the full calcu-
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lation is clearly in better agreement with the data. The
difference between the two models can be traced to the
imaginary part of the spin-dependent amplitude.

Further data-taking for 100 MeV ir+ and ir~ is
planned in early 1992. Calculations for ;r~-3He scat-
tering yield similar agreement between the two mod-
els, however, the analyzing powers are predicted to
be only about half as large. It will also be of in-
terest to study the energy dependence of the ?r-3He
interaction. At energies above the A-resonance the
full calculation predicts large negative values of Ay

whereas in the schematic model this change of sign
across the resonance is not predicted. This is an indica-
tion that multiple scattering and absorption effects are
more important at the higher energies. A proposal has
been submitted (Dehnhard, Burleson and Hausser, co-
spokesmen) to investigate asymmetries in the 180 MeV
- 500 MeV energy range using the P3 spectrometer at
LAMPF.
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Fig. 66. Asymmetry (top) and cross section (bottom) an-
gular distributions for elastic pion scattering on 3He. The
data are compared to a full DWIA calculation (solid curve)
and a schematic model (dashed curve).

Experiment 561
Measurement of the H(7r+,ir+]r+)n and H(I~,T+T~)II
cross sections very near threshold and chiral sym-
metry
(M.E. Sevior, UBC)

The aim of Expt. 561 is to measure the cross sec-
tions for H(T+,7r+^)n and H(ir~,*•+*-)« very near
threshold and to compare the results with the predic-
tions of the QCD inspired theory, chiral perturbation
theory, (ChPT). ChPT believers claim that the theory
is the true and direct consequence of QCD at low en-
ergies because it is the natural outcome of the chiral
symmetry of QCD with massless up and down quarks
extrapolated to their current masses of 5 and 7 MeV
respectively. Gasser and Leutwyler [Phys. Lett. B 125,
321 (1983), ibid. 325] have made predictions for tne s-
wave isospin 0 and isospin 2, JTIT scattering lengths of
«g = 0.20 ± 0.01 m-1 and a§ = -0.042 ± 0.002 m~l by
means of ChPT.

The total cross sections for H ( T + ,ir+ ir+)n and
H(TT~ ,?r+7r~)n near threshold are very sensitive to
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do and a° and so provide a testing ground for ChPT
and hence the low energy behaviour of QCD. Recently
the OMICRON group published the results of their
near threshold measurements of the H(jr+,7r+7r+)n re-
action [Kernel et a/., Zeit. fur Phys. C 48, 201 (1990)]
and found ag - -0.08 ± 0.01 m"1. If this result is con-
firmed it will be a major blow to ChPT since Gasser
and Leutwyler predict a value some 20 standard devi-
ations closer to 0.

In the summer of 1989 we were awarded 3 weeks
of high intensity beam on the Mil pion channel and
took data for the H(TT+,ir+ir+)n reaction. The exper-
iment employed a novel technique to make this near
threshold measurement. The experimental set-up ex-
ploited the restrictive kinematics of the U(n+,n+n+)n
reaction near threshold to suppress background reac-
tions such as 12C(n+,ir+n)X. The kinematics of the
K(ir+,w+v+)n reaction require the reaction neutrons
to be emitted into a narrow cone around zero degrees
and the pions to be sufficiently low in energy to be
stopped in scintillators employed as an active target.
In our experiment a large volume scintillator bar array
was positioned 2.6 meters downstream at zero degrees
to detect the reaction neutrons. These neutron detec-
tors intercept a large fraction of the reaction neutrons
but subtend less than 1% of the solid angle around the
target. The pion beam was swept away from the bars
by a clearing magnet placed between the target and
the array.

The target consisted of a set of 5 plastic scintilla-
tors, each of dimensions 40x40x6 mm3 and placed in
a stack along the beam. Pions from the H(ir+,ir+ir+)n
reaction are emitted at such low energy that nearly all
stop in the active target. The stopped positive pions
were identified by detecting the characteristic 4.1 MeV
muon from the decay TT+ —• p+Vp- These events are
characterized by a delayed pulse of uniform height in
the active target scintillators.

The beam was defined by three 2 mm thick scintilla-
tors of cross-sectional dimensions 80x80 mm2, 20x20
mm2 and 80x80 mm2 respectively (SI, S2 and S3).
The dimensions of the small scintillator were chosen to
define the beam spot well within the target. Another
80x80x2 mm scintillator was iocated behind the tar-
get and was used as a veto counter to define beam
interactions in the target.

A candidate H(7T+,?r+ir+)n events were written to
tape when a coincidence between a neutron and one or
two delayed pulses in the active target corresponding to
a stopped 7r+ were obtained. Data were accumulated
at incident pion energies of 200, 190, 184, 180 and 172
MeV.

The analysis of the summer, 1989 data has been com-
pleted and a paper describing the results has been pub-

lished in Phys. Rev. Lett. [66, 2569 (1991)]. We find the
threshold value of the reduced matrix element for the
H(7r+,7r+7T+)n reaction to be 1.08 ± 0.07 m~l which
implies a§ = -0.040 ± 0.003 m'1 in agreement with the
chiral perturbation theory predictions of Gasser and
Leutwyler and in disagreement with the OMICRON
measurement.

In January we ran for another 5 weeks and took
data for H(ir-,T+ff-)n at 200, 190, 184, 180, 176
and 172 MeV and for H(T+,ir+v+)n at 200, 184 and
172 MeV. This second set of data will be used as a
check of our 1989 results. We implemented a num-
ber of improvements for this run which included a re-
designed active target which produced at a factor of
five more light, a multilevel trigger employing Lecroy
ECL modules which increased the ir+ detection ef-
ficiency and reduced the data acquisition deadtime
and we employed the TRIUMF-developed 500 Mega-

Ti »p .1 nannsprnnr is)
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Fig. 67. This shows a typical event in the active target as
captured by the CCD's. The phototube outputs are sam-
pled in 2 nanosecond bins. The second pulse in scintillator
C is a candidate ir+ —* p*v event. The scintillators SI, S2
and S3 and the active target were instrumented with these
TRIUMF developed, 500 Mega-sample/sec GaAs CCD's.
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sample/second GaAs CCD's to identify IT —>• p de-
cays. Figure 67 shows a typical event captured with
the CCD's. The combination of these improvements
increased our good data to tape rate by a factor of
two. These data are currently being analyzed with the
SUSI data analysis system which has been fully ported
to the DECSTATION/ULTRIX environment. We re-
quire the extra computing capacity available with these
RISC based systems to fully analyze the CCD data in
a reasonable amount of time. We anticipate completing
the analysis and experiment in 1992.

Experiment 563
Search for the 6~;1 stretched state of the mass-20
systems
(B.M. Spicer, Melbourne)

The 6~ ,T = 1 state or states in 20F have been sought
in the 20Ne(n,p)20F reaction, using the TRIUMF
CHARGEX system. 300 MeV protons produced a
beam of 298 MeV neutrons via the 7Li(p, n)7Be reac-
tion. The 20Ne gas was contained in the high pressure
gas target cell, designed and constructed by R.S. Hen-
derson, at a pressure of 30 atmospheres. The protons
from the 20Ne(n,p) reaction were momentum mea-
sured in the MRS for 6 emission angles between 15
and 31 degrees (lab).

The analysis of these data is now complete, and dif-
ferential cross sections for possible stretched particle-
hole states (J = 6~) have been extracted. Two can-
didates, one at 8.4 MeV excitation and one at 11.2
MeV excitation in 20F have the angular distribution
shape expected for these transitions. They are shown
in Fig. 68 in a proton spectrum taken at a proton
emission angle of 23 degrees. The differential cross sec-
tions for these two states have been compared with
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Fig. 68. Spectrum of protons from the 20Ne(n,p)20F re-
action, detected at 23°. The two candidates for the 6"
strength in the mass-20 nuclides are shown.
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Fig. 69. The differential cross sections for the protons pop-
ulating the 8.4 and 11.2 MeV states in 2 0F are showm,
together with the differential cross sections calculated in
DWIA for the two states. The normalization factors re-
quired to fit the data are given in the text.

a DWIA calculation using the Franey-Love effective
nucleon-nucleon interaction, and are shown in Fig. 69.
The 8.4 MeV state calculation requires a normalization
factor of 0.167 to match the data, while the 11.2 MeV
state requires a factor of 0.12.

Detailed comparisons with unpublished
20Ne(p,n)20Na data of B.D. Anderson (Kent State)
and data from a 20Ne(p,p') experiment at IUCF using
135 MeV protons are in progress. The latter experi-
ment would anticipate the analogs of the states noted
above at excitations of 18.7 and 21.5 MeV respectively;
these may be difficult to identify because of the large
level density expected there.

Experiment 570
Gamma-neutrino angular correlation in rouoo cap-
ture on MSi
(D.S. Armstrong, U.C. Berkeley)

This experiment is designed to measure the angu-
lar correlation between the neutrino and a specific nu-
clear de-excitation gamma ray following muon capture
on 28Si. The angular correlation is observed via the
energy distribution of the Doppler-broadened gamma
ray, and is sensitive to the magnitude of the induced
weak pseudoscalar coupling gp and rather insensitive to
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the relevant nuclear wave functions. This experiment is
part of a larger effort at TRIUMF using various meth-
ods to investigate gp (Expts. 47, 249, 364, 452, 612).
More details on the motivation and theory behind this
measurement are given in the 1989 Annual Report.

The experiment received an initial 22 shifts on M9B
in December, 1989, in which two Compton-suppressed
Ge detectors (150 and 200 cc respectively) were used,
both located at 90° to the beam direction. The 1229
keV transition of interest was clearly seen with good
statistics (see Fig. 70). The ratio of signal to contin-
uum background under the 1229 keV line was 1:1,
four times better than in the only previous measure-
ment [Miller et al., Phys. Rev. Lett. 29, 1194 (1972)].
Backgrounds at 1229 keV from /i~-capture on various
materials in the detector environment, and from ff~
contamination in the beam were studied and found
to be small, and a careful identification of the var-

ious background lines in the Ge spectra was made
(B. Moftah, M.Sc. thesis, UBC). However, a 'plateau'
was evident in both spectra (see Fig. 70) extending
from about 1200 keV up to (and possibly underneath)
the Doppler-shifted 1229 keV line. Subsequent inves-
tigation with a neutron-source has revealed that this
'plateau' consists of several poorly-resolved lines due
to neutron-induced reactions in the Ge detectors and
materials in the surroundings.

As it is essential to understand the shape of the back-
ground underneath the 1299 keV peak in order to fit
the lineshape and extract the angular correlation, we
have decided to adopt a coincidence technique to sup-
press the background to negligible levels. This will be
done using one or more Nal counters to detect the 941
keV gamma that follows the 1229 keV transition in the
cascade. The loss in statistics due to the coincidence re-
quirement will be more than offset by the reduction in
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Fig. 70. Gamma-ray energy spectra from both Ge detectors, in the vicinity of the Doppler-broadened 1299 keV peak
from the reaction 28Si(/i~,i/)28Al*. Nearby background lines are also indicated.
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the background. Monte Carlo estimates suggest that a
10% error on the angular correlation coefficient a could
be obtained with one weeks' worth of data. A test of
the coincidence technique will be made early in 1992.

Experiment 590
Distribution of 6~ strength in the mass-32 nuclides
via the 32S(n,p)32P reaction
(B.M. Spicer, Melbourne)

Analysis of the data from the measurement of the
32S(n,p)32P reaction is almost complete. The experi-
ment was designed to measure the distribution of 6~
strength in the residua] 32P from the (n,p) reaction,
and hence resolve an apparent discrepancy between
previous results from (e,e') and {p,n) studies. The
TRIUMF charge exchange facility was used to collect
data at 5 angles between 23 and 31 degrees (lab.), us-
ing 298 MeV neutrons. Final cuts to the data have
been made, incorporating timing constraints and re-
strictions imposed from path reconstructions of the
scattered protons. The data were then corrected for
relative detector efficiencies and sliced into 13 energy
spectra corresponding to the emission angles. Before
the final 6" strength can be extracted, the contribu-
tion from quasi-free charge exchange scattering must
be subtracted from the measured spectra. Calculations
are in progress to estimate this background contribu-
tion.

The cross sections obtained will be normalized using
the known cross section for the 12C(n,p)12B reaction
populating the 4~ state of 12B, which was measured
simultaneously with the 32S(«,p) data, using a CH2
target as well as the natural sulphur targets in the
target box. Figure 71 shows sample spectra from the
32S and 12C (n,p) reactions at 33.4 and 24 degrees
respectively.

Experiment 591
The role of 3NA in 12C(TT+ ,ppp)X and 12C(x±,ppn)X
reactions
(G.J. Lolos, Regina; D. Humphrey, Western Kentucky)

Experiment 591, the investigation of the
12C(ir±, ppn) and l2C(ir+,ppp) reactions, has not re-
ceived beam time during 1991 due to manpower and
funding limitations. The objective of this experimental
proposal is the investigation of the roles initial and final
state interactions play in the pion absorption process in
general. In addition, the (ir~ ,ppn) reaction is sensitive
to the T=3/2 absorption channel while the (jr+,ppp)
is sensitive to the T=l /2 channel, in the three nucleon
pion absorption mechanism with a constant matrix el-
ement.

We anticipate that Expt. 591 will receive beam time
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Fig. 71. This figure shows proton spectra from (a) the
32S(n,p)32P reaction at 33.4°, and (b) the 12C(n,p)12B re-
action at 24°. The incident neutron energy was 298 MeV,
and the large peak in spectrum (b) is due to neutron scat-
tering from the hydrogen in the CH2 target.

in 1992. The experimental equipment consists of three
charged particle telescopes capable of stopping up to
220 MeV protons and a neutron time of flight large
solid angle detector. The particle identification and
the energy resolution are more than adequate to in-
vestigate the reaction mechanism for pion absorption
in light nuclei.

Experiment 593
Momentum distribution of backward-production
protons in proton-nucleus interactions
(I.I. Strakovsky, PNPI, St. Petersburg)

Beam time for Expt. 593 was received in the fall of
1990 and detailed momentum distributions of protons
produced in a kinematics region forbidden in scatter-
ing by the free nucleon were measured at a polarized
proton bombarding energy of 442 MeV.
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In Andronenko et al. [JETP Lett. 37, 530 (1983)]
and Volnin et al. [to be published] at Petersburg Nu-
clear Physics Institute (formely LNPI), the spectra of
backward protons produced by 1 GeV protons from a
wide range of nuclei (A = 2-208) have been measured,
[t was shown that for A < 12 the slope of the spec-
tra change at proton momenta p — 350-510 MeV/c.
In the case of deuteron data, violation of a-scaling of
the order of a factor of two is observed [Frankfurt and
Strikman, Phys. Rep. 76, 215 (1981); ibid., 160, 235
(1988)]. Both effects could be caused by rescattering
of the A isobar in the intermediate state [Kopeliovich,
Phys. Rep. 139, 51 (1986)], since production of slow
A isobar is enhanced at TP about 1 GeV. At the same
time, it has been shown in Gatchina that in a typi-
cal intermediate energy (Tp < 1 GeV) inelastic process
the average momentum transfer to a struck nucleon of
the nucleus is quite large, < 1 GeV/c. Nevertheless, the
Gatchina data are in disagreement with models involv-
ing short-range nucleon correlations. Consequently, it
is concluded in the reviews by Frankfurt and Strikman
[op. cit.] that inclusive hadronic processes at interme-
diate energies cannot be used for the investigation of
short-range nucleon correlations, in contrast to the sit-
uation at high energies. The motivation of Expt. 593
was focussed on the study of the energy dependency of
the kink effect.

The present experiment was performed with solid
targets using polarized protons on beam line IB and
a current of about 0.2 nA. We used 6Li, 7Li, Be, C,
Al, Cu and Pb as targets. Each target was of about
40 mg/cm2 thickness. The outgoing protons were de-
tected in the AE1-AE2-E3 telescopes, each consisting
of a thin Si(Au) counter as the AE1 detector, a Si(Li)
counter as the AE2 detector and a thick plastic scin-
tillator as the E3 detector. Use of the silicon detectors
with 21-23 mm diameter was quite necessary to cover
a large solid angle. Three telescopes were set up, one
each at scattering angles of 90°, 120° and 156°. All de-
tectors of each telescope were mounted 0.4 m from the
target outside of a vacuum chamber with a short dis-
tance between each other. We covered a kinetic energy
interval of outgoing protons from 15 to 200 MeV. We
are not interested in very low energy protons (T < 10
MeV) in any case, since there may be a significant com-
ponent of evaporation from compound-nuclear states of
the target nucleus. Higher energy protons were identi-
fied by a combination of AE1 and AE2 for the range
from 15 to 25 MeV and AE2 and E3 for the interval
from 20 to 200 MeV.

Each of the telescopes was calibrated in turn for pro-
tons of 25-200 MeV energy by the pp elastic scattering.
For the calibration of the silicon detectors, we used fast
alpha particles from a 228Th source.

We used a secondary emission monitor to check the
beam current. An integrated beam charge of 5000 nC
was used for each target, with the exception of lithium
targets, for which we had a beam charge of 2500 nC.
The background was less than 2% for the different
parts of spectra. To suppress the different sources of
the background outside of the target, we used lead
shielding.

Now the analysis is in progress. The invariant cross
section vs. the square momentum of protons emitted at
angles of 90°, 120° and 156° from 6Li, 7Li, Be, C, Al,
Cu and Pb bombarded by 442 MeV protons is shown in
Fig. 72. New data have shown good agreement between
the information obtained due to AE1-AE2 telescopes
and AE2-E3 ones as well. The statistical accuracy of
data was about 0.1% at the beginning of spectra.

The invariant cross sections plotted as a function of
squared momentum display kinks (Fig. 72); the data
cannot be described by a single exponent. Unlike the
Gatchina data, however, the kink at low momentum
appears to have the opposite sign to that in the 1 GeV
data, and persists even in the heavier nuclei. The rea-
son for this is not presently understood.

As a by-product, we obtained the information con-
cerning deuteron and triton yield in backward direction
as well.

Special interest is focused on light nuclear targets,
since the kink effect observed at Gatchina was most
pronounced in the deuteron target case.

To continue this investigation, we plan to use a cryo-
genic gas target provided by PNPI. The target could be
filled by D2, 3He and 4He gases and worked at a tem-
perature close to 80 K and at Pabs = 2 atm pressure.
A very thin wall of 0.025 mm thickness is provided to
detect very low energy outgoing protons.

During the September, 1990 run, we examined the
feasibility of work with the air in the gas target system
at room temperature. To suppress the background due
to the halo of the beam, we used a steel collimator in
the beam line vacuum tube before the vacuum cham-
ber. To define the active region of the target, we used
steel collimators in the vacuum chamber for each of the
telescopes and mounted an E3 detector at a distance
of 30 cm from the AE1-AE2 detectors. (We examined
the situation in the worse case only at 156°.) We op-
timized the beam position and the beam size and ex-
amined different sources of background. To suppress
background from the lengthy cell, we used extra lead
shielding as well. As a result, a comparison of measure-
ments with vacuum and with room temperature air in
the cell shows that the background is less than 20% of
the signal in the worst case. Our test shows that this
method of measurements is adequate for the task.
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Fig. 72. The invariant cross section in arbitrary units vs. the
square momentum of protons emitted at angles of 90°, 120°
and 156" from 6Li, 7Li, Be, C, Al, Cu and Pb bombarded
by 442 MeV protons. Error bars show the statistical errors.

The December, 1990 TRIUMF EEC meeting recom-
mended giving 22 shifts to continue our experiments.
We plan to have a run in the fall of 1992 in beam line
IB to study D2, 3He, 4He and CH4 gas stage. The
CH4 gas at room temperature as a target is provided
to examine systematic errors and to obtain an absolute
normalization of data. Special interest will be focused
on the analyzing power in the lightest nuclei since, with
the exception of Be above about 50 MeV [Moalem et
al., Phys. Lett. B 183, 269 (1987)], there is no other
information at present. The previous Gatchina mea-

surements at 1 GeV of proton kinetic energy on target
of D2, 4He, Be, C, Al, Cu and Pb demonstrated that,
with the exception of D2, the polarization of the out-
going protons was close to zero [Belostotsky et al., Sov.
J. Nucl. Phys. 42, 904 (1985)].

Experiment 594
Investigation of tho d(p,p')d' reaction
(S. Burzynski, SFU; K.P. Jackson, TRIUMF)

Experiment 594 involves high precision measure-
ments of the elastic and inelastic scattering of protons
from deuterium involving small momentum transfer
(q < lfm"1) and low excitation energies in the final
A = 2 system. The TRIUMF Cryogenic Targets group
constructed a liquid deuterium (LD2) target 0.7 cm
thick in early 1991. The full data set was taken using
the medium resolution spectrometer (MRS) during 26
shifts in June. All the event-by-event data written to 30
VCR tapes have been reduced to proton spectra. The
detailed analysis of the data is roughly 70% complete.

Data were recorded at three proton energies, 198.5,
297.6 and 456.6 Mev for protons scattered in the angu-
lar range from 3° to 13°. Figure 73 illustrates a sample
of the data recorded at the lowest energy and ©p ~ 7°.
The measured shape of the peak resulting from elas-
tic scattering (d0) has been used in a preliminary im-
pulse approximation analysis of the inelastic scattering
in the region of excitation (rf*) dominated by the 1S0

final-state interaction of the unbound n — p system. In
the fit shown by the solid line anp, the 1S0 scatter-
ing length, is a free parameter and the contributions
from other partial waves are roughly approximated by
the dashed line. The fitted value anp = —22.5 fm can
be compared with the precise value known from low
energy n - p scattering anp = -23.748±0.009 fm. The

Fig. 73. A typical proton spectrum at 7" from scattering
on deuterium at Ep = 198.5 MeV.
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systematic deviation of the data from the fit in the
region Ecxc > 3 MeV may be attributed to an inad-
equate treatment of the higher partial waves in this
preliminary analysis. The spectrum illustrated in Fig.
73 is one of 36 spanning the angular range at 198.5
MeV. Similar data have been recorded at the other
two energies. An improved analysis of the entire data
set including final state interaction with the Paris po-
tential is in progress.

In addition to the measurements with the LD2 tar-
get, precise values were also obtained at the same ener-
gies and angles for the ratio of elastic scattering of pro-
tons on deuterium and on hydrogen. These data were
taken with a carefully prepared equal mixture of LH2
and LD2 in the target cell. The results of these mea-
surements are illustrated in Fig. 74. The solid lines are
parameter-free predictions of this measured ratio based
on the impulse approximation and Arndt's recent com-
pilation of the nucleon-nucleon scattering amplitudes.
The precision with which data are predicted at the
two higher energies is remarkable. The contributions
expected to arise from multiple scattering will be in-
vestigated.

Comparison of the data with the theoretical analy-
sis already completed justifies the original objectives
of measuring ratios of intensities to typically 1% and
calibrating the energy loss spectra to roughly 1 keV. In
addition to the data illustrated in Figs. 73 and 74 many
spectra were recorded to determine the precise momen-
tum acceptance and calibration of the spectrometer.
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Fig. 74. The measured ratios of the elastic scattering of
protons on deuterium and hydrogen.

It is already evident that the data recorded in Expt.
594 will provide a crucial test of our understanding of
nucleon scattering from the'lightest nuclear target at
low momentum transfers in the range of energies avail-
able at TRIUMF. The precision with which anp, the
known value of the 1S0 scattering length, can be deter-
mined from these data would be of crucial importance
in assessing a future proposal to measure ann from a
similar study of the d(n, p) reaction. The relative inten-
sity of the d* peak in Fig. 73 is related to the Gamow-
Teller matrix element involved in the astrophysically
important reaction p + p —>• d+ e+ + v. The results of
this experiment may also provide the basis of a future
proposal to investigate the spin dependence of proton
scattering on deuterium in this kinematic region.

Experiment 595
Measurement of iTn in pion absorption on 3He
(A. Rahav, SFU)

The vector analyzing power iTu is predicted to be
very sensitive to the short range N — N correlation
function, the amount of D-state in the nuclear wave
function and the relative contributions of both the
s and p pion waves to the absorption amplitude. A
change in the correlation function should have a dra-
matic, energy dependent effect on iTu, which attains
the greatest value away from the A region with a dif-
ferent sign below and above the resonance. This effect
is attributed mainly to the compression of the short
distance n — p wave function in 3He [Niskanen and
Thomas, Phys. Lett. B 196, 299 (1987); Niskanen el
ai, Few Body XII, Vancouver (1989) (unpublished);
this experiment]. Recent measurements of the proton
polarization resulting from ir+ absorption in 2D, 3He
and 4He [Maytal et ai, to be published; Maytal, Tel
Aviv Univ. Ph.D. thesis; Acklander, Tel Aviv Univ.
Ph.D. thesis] indicated that the polarization is sensi-
tive to the nuclear density. In addition, there is also a
significant discrepancy between those results and the-
ory. The iTn measurements should further clarify the
validity of these theoretical calculations as it is impor-
tant to cross-correlate different observables predicted
with the same assumptions.

Measurements of the iTu observable in pion absorp-
tion on 3He were carried out in the Mil beam line, us-
ing the polarized 3He target and detecting the two out-
going protons in coincidence. Incoming pion energies of
120 MeV and 250 MeV were used at several angles. The
two outgoing particles were detected by two arms, each
comprised of scintillators and wire chambers. One arm
contained the new set of TRIUMF neutron bars [Brash
el ai, to be published], and the fast multi-wire propor-
tional chambers built by the SFU/TRIUMF group to
suit the polarized target geometry. The other arm con-
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Fig. 75. Schematic layout of Expt. 595 - top view.

sisted of the front end modules of the proton polarime-
ter [Jones, TRIUMF experimental proposal 331], i.e. a
set of (three) drift wire chambers together with scin-
tillators. Coincidences were required in each arm be-
tween two scintillators (spaced some metres apart) to
reject background (Fig. 75). The beam was monitored
by two fast multiwire chambers and two scintillators.
The downstream scintiilator was constructed to limit
the effective diameter of the pion cell (1.4 cm) and was
placed immediately upstream of the target, while the
larger upstream scintiilator was used for beam tuning
and normalization. Both scintillators were in coinci-
dence with the detector arms in the hardware trigger.

The polarized 3He target [Larson et al., Phys. Rev.
A 44, 3108 (1991)] was basically the same as used
in Expt. 557, but with improved NMR readout sys-
tem. Catastrophic polarization losses which plagued
Expt. 557 as well as Expt. 616 are now understood to
arise from a strong feedback signal from the 3He cell
in the NMR pickup coil during polarization measure-
ments under conditions of very high target polarization
[Timsil and Daniels, Rev. Sci. Instr. 47, 95 (1976)]. A
reduction in the number of turns on the pickup coil
has eliminated this problem. The average polarization
during the experiment was about 60% and varied little
with time.

Figure 76 shows the trajectory trace-back from both
the 3He cell and an empty one, and hence demon-
strates the level of background rejection. Figure 77
shows the recoil momentum of the third (unobserved)
proton from the 3He(ir+ ,2p) reaction, as calculated
from the measured observables of the two detected pro-
tons. The validity of the quasi-deuteron assumption is
demonstrated by the low recoil momentum of the third
particle, which is compatible with the expected Fermi
momentum. Data analysis is currently in progress and
preliminary results are expected shortly.
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Fig. 76. Trace back to the target - full and empty cells.
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Fig. 77. Recoil momentum of the third proton.

Experiment 597
/?-branching ratios in 26Ne
(G. Roy, Alberta)

Considerable effort has been spent in the past year in
optimizing the production rate of heavy neon radioiso-
topes in our system. We have obtained best yields with
a 1 gm/cm2 uranium oxide carbide target, in pellet
form, operating at a temperature of 1300-1500°C. We
have observed a yield of 5000 26Ne atoms per mA per
second. A new detector station has been implemented,
leading to a reduction in background radiation of 100
to 1000 times compared to our previous set-up. We
have installed a tape transport system to allow us to
perform lifetime measurements.
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Fig. 78. Spectrum of 26Ne decay.

The receiving target of our detector end station
is viewed by plastic scintillators to detect the beta-
particles in E — dE coincidence; these beta pulses form
a coincidence gate for the germanium gamma detec-
tors. This substantially cleans up the background in
our spectra. Figure 78 shows a spectrum of the gamma
rays emitted by the daughter product 26Na subsequent
to the beta decay of 26Ne. The 89 keV gamma ray has
the largest branching ratio, followed by a much smaller
peak at 234 keV. We have also measured the half-life of
the 26Ne beta decay, and obtained a value of 203.3 ms.

We are presently searching for weaker branches in
the 26Ne decay, which are predicted to occur from shell
model calculations. We will also look for delayed neu-
tron emission with a suitable neutron detector. We in-
tend to extend our studies to the decay of 2rNe.

Experiment 598
Pion proton integral cross sections in the resonance
region
(E. Friedman, Hebrew Univ. Jerusalem)

The w~ part of this experiment was run between Au-
gust 2 and August 13. "Partial total" cross sections for
5T~ were measured for detector angles of 20° and 30°
(lab) with the same set-up used previously for similar
measurements with ir+. Total charge exchange cross
sections were measured with the new set-up (tested in
August, 1990) where essentially a An detector is oper-
ated in anticoincidence with the incoming TT~ . In both
types of measurements we used the CH2-C difference
method. Of special interest is the fact that we have re-
peated some of the calibrations of the Mil channel by
measuring the energies of reaction products (such as d,
t, 3He) with a Si detector. The calibration of Mil was
confirmed to 30 keV at 150.9 MeV.

One of the most significant tests of the system for
measuring total charge exchange cross sections is that
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Fig. 79. The charge exchange cross section as a function of
energy. The solid dots are from Bugg while the open dots
are the present experiment.

of measuring the cross section for ir+ absorption on p,
which is zero below the threshold for pion production.
The average result of 10 measurements at 161.1 MeV
was -0.26±0.40 mb with 7 out of the 10 measurements
yielding a negative value. The total ir+p cross section
at this energy is about 170 mb. The above result not
only lends credibility to the performance of the charge
exchange experimental set-up, but also demonstrates
the reliability of the CH2-C difference method.

Figure 79 shows preliminary results for the total CX
cross sections in comparison with similar results by
Bugg. From the figure it is clear that the agreement
with Bugg is very good at 161 MeV and above, but
at the two lowest energies our results are 8-10% below
those of Bugg. At present we are unable to find any rea-
son for those points to be too low (or unreliable), but in
view of the unfavourable conditions during some of the
measurements (not necessarily the lowest two points) it
seems desirable to repeat several measurements before
the results are finalized.

Experiment 612
Hyperflne dependence of exclusive nation capture
on I 9F, 23Na, 27A1, 35C1 and 37C1
(T.P. Gorringe, Kentucky)

Recent measurements of the branching ratio of ra-
diative muon capture on nuclei have suggested strong
quenching of the weak pseudoscalar coupling of the
proton inside the nucleus, and have motivated our pro-
posal to determine the coupling by measurement of
the hyerpfine dependence of exclusive ft~ capture. For
J £ 0 nuclei the muonic atom g.s. is split into a hyper-
fine doublet with total angular momenta F+ = J +1/2
and F_ = J —1/2. When ft~ capture lowers the spin of
the nucleus by one, the Gamow-Teller operator domi-
nates F- capture through the axial coupling (ga)i and
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dominates F+ capture through the pseudoscalar cou-
pling (<7p). Consequently, the hyperfine capture ratio
A+/A_ is sensitive to gp/ga but rather insensitive to
the nuclear wave functions (since the Gamow-Teller
matrix elements cancel in the ratio).

At formation the F+ and F-. hyperfine states are
statistically populated, however, subsequent hyperfine
transitions drain the muons from the upper into the
lower state. The result is a ft~ capture time evolu-
tion that is dependent upon A+/A_ and that can
be measured by detecting de-excitation 7-rays follow-
ing capture. In January we collected 7-ray spectra
following (i~ capture on the nuclei 19F, 23Na, 27A1,
31P, 35C1 and 37C1. In several of these nuclei the 7-
ray time spectra show strong evidence for the pres-
ence of hyperfine transitions. We are now planning
for a summer, 1992 production run in order to mea-
sure the hyperfine capture ratio, A+/A_ in the tran-
sition 23Na(3/2+,0)(/i-,i/)23Ne(l/2+,1017) to better
than 0.02. This transition to the 1017 keV first ex-
cited state of 23Ne lowers the nuclear spin by one, and
therefore its hyperfine capture ratio is expected to offer
sensitivity to the pseudoscalar coupling.

Experiments 616, 541
Spin-momentum distributions of nucleons in polar-
ized 3He
(O. Hiusser, SFU/TRIUMF)

These experiments are aimed at finding kinematic
conditions for which it is possible to extract informa-
tion on the momentum dependence of the spin align-
ment of nucleons in a polarized 3He target. This is
achieved by a comparison of spin observables from the
3He(p,2p) and 3He(p,pn) reactions, at 290 MeV in
Expt. 541, and 220 MeV in Expt. 616, with those for
free proton-nucleon scattering. The results may pro-
vide a test of the 3He wave function and may have
implications for high energy electron scattering exper-
iments which consider polarized 3He as a polarized
neutron. The motivation and instrumentation descrip-
tion for Expt. 541 was given in the 1989 Annual Re-
port (p.30), and results for proton knockout were pre-
sented in the 1990 Annual Report (p.35). In this report,
we present final results for both proton and neutron
knockout for Expt. 541. In addition, we present results
for Expt. 616, which was designed specifically to inves-
tigate some of the results and improve upon the quality
of the data for the neutron knockout results of Expt.
541.

Several changes were made in Expt. 616 which re-
sulted in better statistics for both neutron and proton
knockout reactions. Firstly, a change in energy from
290 MeV to 220 MeV was made since the neutron
knockout Ann spin observable is almost a factor of two

larger there. Secondly, the array of plastic scintillators
used to detect the knocked-out particle was moved to
a distance of 4 m from 8 m, resulting in a four-fold
increase in solid angle. Finally, a 3He target of 9 stan-
dard atm was employed, compared to 3 standard atm
in Expt. 541. These last two improvements result in an
increase in event rate by a factor of 12. This allowed
the experiment to be carried out with slightly lower
beam currents than in Expt. 541 in order to keep dead-
times and inefficiencies due to multiple events in the
MRS wire chambers at a low level. Also, the scintilla-
tor array at the non-conjugate angle in Expt. 541 was
eliminated and wire chambers on the recoil arm >re
used in conjunction with the veto scintillators to en-
sure that contamination of the (p, pn) data with (p, 2p)
events was negligible.

The combined results of Expt. 541 and Expt. 616
involve over 300 individual runs obtained with a variety
of different beam currents, different trigger condition*,
and different threshold settings for the various neutron
arrays. In Expt. 541 the target polarization fluctuated
considerably with extreme values of 30 and 60%. In
Expt. 616 the polarization was steadier with extreme
values of 50 and 65%. The d and d* final state in (p, 2p)
could not be fully resolved in the time-of-flight spectra
using a thin "veto" scintillator at either 8 m in Expt.
541 or 4 m in Expt. 616. Random coincidences were
subtracted; this is a small correction for (p, 2p) but a
substantial one for (p,pn). The (p,pn) event rate was
lower than the (p, 2p) rate by roughly a factor of 20
due to the low neutron detection efficiency, the lower
elementary cross sections, and the 1:2 nucleon ratio in
3He.

For each energy and angle, six independent yields
(for beam spin up/down/off, and for target spin
up/down) were least-squares fitted to the expression
[Ohlsen, Rep. Prog. Phys. 35, 717 (1972)]

a = ao
AnoPb + AonPt + AnnPkPt)

where Pj, and Pt refer to beam and target polarization,
respectively.

The final results for Expt. 541 are shown in Figs. 80-
83 [Rahav et a/., Phys. Lett., to be published] and for
Expt. 616 in Figs. 84-88 [Brash et al., in preparation].
The PWIA predictions are by Woloshyn [unpublished].
The horizontal axis is w = E - £", the energy loss of
the incident proton, except in Fig. 83 where it is q,
the momentum transfer to the residual nucleus. Minor
corrections due to beam energy loss, MRS acceptance,
and quasielastic scattering from N2 in the target have
been applied.

The Expt. 541 proton results are in good agreement
with the PWIA for Ano and Ann but are shifted by
a small amount for Aon. From the spin correlation
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Fig. 80. Differential cross section for the 3He(p, 2p) proton
knockout reaction at 290 MeV and PWIA predictions. The
filled circles and solid lines refer to recoil protons detected
in the 58° array, the open squares and dotted lines to those
in the 71° array.
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Fig. 81. Beam-related asymmetry Ano (top), target-related asymmetry Am (middle) and spin correlation parameter
Ann (bottom) for the 3He(p,2p) proton knockout reaction at 290 MeV and PWIA predictions for the 58* array.
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parameter Ann data in Fig. 83, one can deduce that
the two protons tend to be antiparallel when \q\ «
80 MeV/c, where the Ann observable vanishes. The
Ann results differ strongly from those for PP scatter-
ing (Ann (PP)=0-82) [Afnan anf Birrell, Phys. Rev.
C16, 823 (1977)] as would be expected for nearly an-
tiparallel proton spins in 3He. At nucleon momenta
where the two scintillator arrays overlap the results
for Ann agree both in shape and magnitude with the
PWIA. More sophisticated reaction calculations which
take rescattering effects into account will be required to
decide whether this agreement is fortuitous, or whether
it quantitatively reflects the effects of spin momentum
distributions of nucleons in the target.

The Expt. 616 proton results show the same agree-
ment with predictions for Ano and shift in Aon but
show larger distortion effects at low energy transfers
for Ann i apparently as a direct result of the lower beam
energy. As well, in both Expt. 541 and Expt. 616, the
proton data exhibit the general trend of greater devi-
ations from the predicted behaviour as one moves to
larger angles (farther from quasi-free). The small shift
from theory in Aon for proton knockout for both Expt.
541 and Expt. 616 suggests that they are caused by
secondary interactions rather than instrumental effects
since different set-ups were used.

The Expt. 541 neutron results disagree with the
PWIA for two out of three observables, while the Expt.
616 results disagree in all three observables. In the
absence of calculations which take rescattering effects
into account, one may speculate why neutron knock-
out is so much more sensitive to these effects than pro-
ton knockout. First, an initial reaction of the incident
proton is three times more likely to occur with a pro-
ton in 3He, with the neutron subsequently originating
from a secondary reaction of the knock-on proton. The
target-related spin-observable for this process is then
characterized by the elementary pp rather than the pn
amplitudes. A second difference lies in the fact that the
residual final state in proton knockout is to approxi-
mately 75% dominated by the deuteron bound state
whereas in neutron knockout the residual final state is
in a pure diproton scattering state. Which of these two
effects is responsible for the present observations can be
decided by future high resolution (p,2p) experiments
which separate d and d* final states, and by theoretical
calculations which include final state interactions.

In summary, we have shown that spin observables for
nucleon knockout from 3He in quasielastic kinematics
may deviate from simple PWIA predictions. These de-
viations, which are largest for neutron knockout and
the target-related asymmetry Aon, are attributed to
rescattering effects rather than to deviations from ac-
cepted Faddeev wave functions for 3He. The agreement

of Ann data for proton knockout at 290 MeV with the
PWIA implies a first qualitative observation of the ef-
fects of nucleon spin momentum distributions in a po-
larized nucleus (A >2) although a quantitative inter-
pretation will depend on future explicit calculations
of rescattering effects. These experiments have become
feasible because of a large increase in areal density of
polarized 3He targets. This has opened up possibilities
for other new and interesting experiments with these
targets.

Experiment 617
Mass difference measurements from the decay of
7eRb and 75Rb
(D.M. Moltz, LBL)

Mass separated samples of 76Rb and 75Rb were con-
tinuously collected on a catcher foil for radioactive as-
say by an intrinsic Ge /^-detector and an intrinsic Ge
7-detector (daughter activities do not interfere in these
two cases). Rubidium atoms were copiously produced
in 500 MeV proton (from the TRIUMF cyclotron) in-
duced spallation reactions on a 20 g/cm2 Nb powder
target heated to 1500°C at the TISOL facility. The ru-
bidium atoms diffused from this TISOL target to the
Re surface ionizer, ionized to +1, accelerated to 20 kV
and subsequently mass analyzed. Since the masses of
76Kr and 75Kr are well known, the mass differences
which are being obtained via correct /?-endpoint deter-
minations will yield the masses of the Rb parents.

After taking several months to convert the
TRIUMF-written tapes to a format suitable for read-
ing here at LBL, we are now engaging in a deliberate
analysis to insure that we completely understand our
beta spectra. We must also complete some experiment-
specific calculations and a separate calibration of the
detector to verify our analytical techniques. These re-
sults should be complete in a few months. Preliminary
results show that previous work and theoretical predic-
tions are indeed correct. If this result holds up under
closer examination, then we must explore other theo-
retical explanations other than nuclear shapes to ex-
plain the anomalous 76Rb mass.

Experiment 625
Low energy pion-nucleus reaction and total cross
sections
(J.T. Brack, UBC; R.J. Peterson, R.A. Ristinen, Col-
orado)

A proposal to measure transmission cross sections
through nuclear targets for T + and ic~ at energies from
30 to 65 MeV has now been approved. From these data
we will extract pion-nuclear reaction and total cross
sections by standard methods. It will be our goal to
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make precision comparisons of heavy T=0 targets to
deuterium.

At lower pion energies the situation is much different
from that found near resonance. A long mean free path
in nuclei for low energy pions is expected from consid-
eration of pion-nucleon cross sections. If the entire nu-
clear volume is sensed, these cross sections should be
proportional simply to the atomic number of the tar-
get. Shown in part (a) of Fig. 89 are the total (charge
averaged) cross sections (per A) for nuclei [Carroll et
ai, Phys. Rev. C 14, 635 (1976)] and deuterium [Pe-
droni et ai, Nucl. Phys. A 300, 321 (1978)] at 72 MeV.
This is the lowest in energy that these earlier data can
be traced. A flat mass dependence is found, except per-
haps for a tendency for nuclear total cross sections to
be above those for deuterium. If this is indeed true for
a careful comparative experiment, then something ex-
citing is going on, with the whole being more than the
sum of its parts. Measurements from two separate ex-
periments allow the plot in Fig. 90 of the total C cross
sections divided by 6 times the total D cross sections.
At higher energies the large resonance cross sections
bring the ratio well below one, but a systematic excess
above one is indicated at lower energies, as in Fig. 89.

This excess of C over six times the D cross section is
just the source of the excitement for A'+ nuclear scat-
tering, and could be taken as evidence for "swollen" nu-
cleons in C [Siegel et ai, Phys. Rev. C 33, 1407 (1986);
ibid., 31, 2184 (1985); Brown et ai, Phys. Rev. C 60,

a
Near resonance

' T. = 72 MeV

Carroll et al

Meirav et al

T. = 50 MeV

Pig. 89(a) Measured total cross sections, averaged for jr+

and K~ and divided by A are plotted for a range of target
nuclei at maximum near 150 MeV [Carroll et a/., op. cit.]
and at 72 MeV [Carroll et al., op. cit.; Pedroni et al., op.
cit.]. The curve shows a simple optical model calculation
at 150 MeV. (b) Measured charge-averaged nuclear reac-
tion cross sections per nucleon at 50 MeV are plotted for a
range of targets [Meirav et al., op. cit.; Friedman el al., op.
cit.]. The dashed line shows the result of an optical model
calculation based in part on those data.

2723 (1988); Mardor et ai, Phys. Rev. Lett. 65, 2110
(1990)]. Such an effect of the nuclear environment upon
nucleons is surely the essence of modern QHD ideas.
We will provide just these data, for four T=0 targets
from 6Li to 40Ca, with both pion signs for control of
Coulomb effects, and at several energies spanning the
region of expected transparency.

The most striking proof of a transparency of nuclei
to pions near 50 MeV can be found from comparisons
of pion-nucleus total or reaction cross sections. Part
(b) of Fig. 89 shows measured reaction cross sections
for the average of ir+ and w~ at 50 MeV [Meirav et
ai, Phys. Rev. C 36, 1066 (1987)] divided by A. This
is almost flat, showing that the projectile has such a
long free path as to have access to each nucleon. It
is remarkable that the 50 MeV reaction cross sections
of Meirav et al. retain their proportionality to A even
for Zr (Z=40). The dashed curve shows the computed
reaction cross sections (per A) from an optical model
based on these data [Meirav et ai, op. cit.]. A flat
yl-dependence is found showing that the change from
resonance to low energies is modelled successfully.

In addition, there has been some theoretical discus-
sion of nuclear "transparency" to low energy pions
[Gibbs et ai, Phys. Lett. B 231, 6 (1989)], in which
transmission functions of pions through a barrier of
Kissiinger material have been calculated and found to
be rather large. Other papers have also discussed simi-
lar topics relating to nuclear-medium modifications to
the constituent nucleons, especially in relation to the
quenching of spin matrix elements in nuclei [Towner,
Phys. Rep. 155, 264 (1987)].

We propose to follow the method previously used at
TRIUMF to measure low energy pion-nucleus reaction
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Fig. 90. The ratio of measured total cross sections, averaged
for beam charge states, is shown for C and six times D, for
a range of beam energies. These results are from two inde-
pendent experiments and the D results were interpolated
for this ratio.
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cross sections, by the conventional and classic trans-
mission technique [Meirav et al., op. cit.; Friedman ei
al., Phys. Lett. B 257, 17 (1991)]. One measures the
probability that the beam is scattered beyond some
solid angle by the target. Coulomb scattering effects
are subtracted, with the help of some reaction model,
to obtain the reaction cross sections.

We have modelled the Coulomb and nuclear-
Coulomb interference effects for one T=0 target, 12C,
at 7^=50 MeV, using the optical model routine DW-
PIES. To estimate the sensitivity of the parameters to
the model, comparisons were made of calculations in-
cluding and not including second order optical terms
as taken from Meirav et al. [op. cit.] and Friedman
et al. [op. cit.]. This is an arbitrary and rather severe
condition, and represents an extreme estimate of the
associated uncertainties. In addition, Monte Carlo cal-
culations have been performed using the GEANT rou-
tine, including the effects of "plural" scattering in the
target.

Experiment 628
A search for deeply bound pionic states in
heavy nuclei via the pion production reaction
208Pb(n,d) 208Pb®7r-
(A. Trudd, TRIUMF; T. Yamazaki, Tokyo)

Predictions for the existence in heavy nuclei of
deeply bound pionic atom levels with relatively narrow
widths have been made by several authors [Friedman
and Soff, J. Phys. G 11, 37 (1985); Toki and Yamazaki,
Phys. Lett. B 213, 129 (1988)]. Calculations by Toki et
al. [Nucl. Phys. A 501, 653 (1989)] show that the pion
wave function for the deeply bound states is pushed
outside of the nuclear interior by the repulsive part of
the pion-nucleon interaction thereby inhibiting nuclear
absorption. A measurement of the binding energy and
the width of deeply bound pionic states in heavy nu-
clei would have considerable impact on determining the
repulsive s-wave component of the pion-nucleon inter-
action. Unfortunately deeply bound pionic atom states
in heavy nuclei are inaccessible through conventional
methods using cascade x-rays since the width for nu-
clear capture becomes large compared to the electro-
magnetic decay width and x-ray emission is inhibited.

The (n,p) pion transfer reaction was proposed [Toki
et at., op. cit.] as an alternate method for populating
these pionic atom states. An initial plane wave calcu-
lation predicted a cross section on the order of 1 mb/sr
for the 20SPb(n,p) reaction leading to the Is state in
pionic 208Pb. A search for these states, undertaken at
TRIUMF using the CHARGEX facility (Expt. 515),
saw no significant signal in a ± 10 MeV window of the
predicted binding energy for 208Pb ®ir~ . The results
gave an upper limit on the cross section of 0.3 mb/sr

[Iwasaki et al., Phys. Rev. C 43, 1099 (1991)]. The
discrepancy with the prediction from the plane wave
calculation was later explained by the large effect of
distortions and the large momentum mismatch in the
(n,p) pion transfer reaction [Iwasaki el al., op. cif.;
Nieves and Oset, Nucl. Phys. A 518, 617 (1990)].

Subsequent to the (n,p) measurement, it was re-
alized that the (n,<f) reaction, producing a pion via
the two-nucleon mechanism (nn —+ dn~ ), has the
advantage of little momentum-transfer to the resid-
ual pion-nucleus system. The resultant spectrum 207Pb
®TT~ is more complex than in (n,p) since the pio-
nic states can couple to different neutron hole states
in the residual nucleus. However, calculations for
20SPb(n,tf) at 0° [Toki et al., Nucl. Phys. A 530, 679
(1991)] indicate that for a bombarding energy of 350
MeV, where the momentum transfer is zero, the spec-
trum simplifies considerably. With these kinematics
the (2p)»(3pi/2,3/2)n' states are preferentially excited
with a respective cross section of 190 and 380 fib/si.

Experiment 628 to measure 208Pb(n, d) 207Pb ®w~
was proposed to the EEC in December, 1990 and car-
ried out in early 1991 using the TRIUMF CHARGEX
facility. The experimental resolution, limited largely
by the deuteron energy loss in the 280 mg/cm2 thick
208Pb targets on loan from Los Alamos, was 1.5 MeV
FWHM. The inclusive deuteron spectrum from this
measurement is shown below. Note that the abscissa is
pion binding energy in 207Pb ®ic~ and that unbound
pion energy increases to the left. The rising continuum
above the known thresholds for free it~ and ir" pro-
duction is associated with pion production from succe-
sively more bound neutron and proton orbits in 208Pb.
The constant cross section (0.28 mb/sr-MeV) in the re-
gion that would correspond to 10 to 40 MeV tr~ bind-
ing is attributed to (n, d) reactions to the continuum
at high excitation in 207Tl. In the region immediately
below threshold where the bound pionic states are ex-
pected there is a sizeable signal above the constant
background of 0.28 mb/sr-MeV. The smooth curve
shown with the data is Toki's calculation for the bound
states and free pion continuum [Toki, private com-
munication] convoluted with a Gaussian of 1.5 MeV
FWHM and offset to agree with the continuum on the
right. The calculation showing just the bound pionic
states is included again at the bottom of Fig. 91. The
portion of the curve extending into the unbound re-
gion (quasi-bound states) corresponds to bound pions
coupled to more deeply bound neutrons in 208Pb. The
free pion continuum calculation includes the binding
energy of successive neutron (proton) shells together
with n~ (ir°) production close to threshold. The ratio
of ir~ : it" in the continuum is 4:1. The pionic atom
signal above the background and free pion continuum
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Fig. 91. Inclusive deuteron spectrum from 208Pb(n, d) at
0° and 400 MeV. The smooth curve is a calculation for
208Pb(n,<f) 207Pb ®T~ for the pionic bound states and the
freepion continuum convoluted with 1.5 MeV FWHM reso-
lution for comparison with the data. The lower curve shows
just the bound state calculation.

is 1.39 ± 0.09 mb/sr. This signal would be reduced by
% 30% if the free pion continuum was assumed to be
entirely 7r°. Thus regardless of the composition of the
free pion continuum there remains a significant signal
in the pion bound state region. Toki's predicted spec-
trum of pionic states [Toki, op. cit.], convoluted with a
1.5 MeV response, and summed with the free pion con-
tinuum curves reproduces well the observed spectrum
in the region -20 to 30 MeV binding energy.

Encouraged by this positive result, a second mea-
surement with better resolution was planned at 350 in-
stead of 400 MeV neutron incident energy. At 350 MeV
the momentum transfer to the residual pionic atom is
zero and the signal is predicted to be 40% larger than at
400 MeV. The first measurement was done at 400 MeV
in order to exclude the nn —• dir" peak, originating
from hydrogen contaminants in the target box, from
the pionic atom bound state region. For this measure-
ment at 350 MeV every effort was made to eliminate
hydrogen contaminants and a measure of any residual
hydrogen was available from the strong np elastic peak
also on the focal plane.

Preliminary results from the run ending in Decem-
ber indicate that the pionic atom cross section does not
peak as expected at this momentum-matched energy.
Instead the signal as well as the free pion continuum
appear to be reduced by a factor equal to the reduc-
tion in the elementary nn —> dn~ cross section for 350
compared to 400 MeV.

Experiment 628 extension
Deeply bound pionic states in heavy nuclei using
2oePb(p,3He)2O6Pb®ir-
(D. Frekers, Munsttr; D.A. Hutcheon, C.A. Miller, A.
Trudel, TRIUMF)

Predictions for the existence of deeply bound pionic
atoms in heavy nuclei with relatively narrow widths
have been made by several authors [Friedman et al.,3.
Phys. G 11, 37 (1985); Toki and Yamazaki, Phys. Lett.
B 213, 129 (1988); Toki et a/., Nucl. Phys. A 501, 653
(1989)]. Quantitative calculations show that the repul-
sive part of the pion-nucleus interaction is responsi-
ble for this effect, as it pushes the pion wave function
outside the nucleus and thus, reduces its probability
for absorption. There is presently an active TRIUMF
proposal (Expt. 628, Trudel, Yamazaki, spokespersons)
to search for these states in Pb using the reaction
208Pb(n,e0207Pb®jr-. Here one assumes the underly-
ing elementary process n + R - t d - f i r " . By choosing
the appropriate kinematic conditions (i.e. near magic
momentum), the outgoing TT~ is captured into a low ly-
ing atomic orbit, which couples to a neutro liole state
in the residual nucleus. In general, this scheme gives
rise to a richness of lines in the spectrum of the out-
going deuterons, and since the binding energies for the
low-lying n~ orbits are comparable to nuclear energies,
some of these coupled states may even appear below
the quasifree pion production threshold. In this respect
208Pb is an almost ideal case as the neutron pick-up
process populates only two states, the pi/2 ground and
the p3/2 excited state in 207Pb , both of which may
then couple to the pion (2p)-orbit (with AL = 0) [Toki
and Yamazaki, op. cit.; Toki et al, op. cit.] if the kine-
matic conditions En ~ 350 MeV and &d ~ 0° (magic
momentum) were to be chosen. The two states would
appear at roughly 5 MeV below the quasi-free thresh-
old therefore providing a unique signature.

From the first results of Expt. 628 there seems to
be strong indication for the existence of such deeply
bound pionic states. Unfortunately the (n,d) reaction
suffers from low neutron fluxes, and further, insuffi-
cient resolution (— 1 — 1.4 MeV) prevents determina-
tion of their natural widths. The widths carry informa-
tion about the details of the pion-nucleus interaction
and are therefore of fundamental interest.

In a Letter of Intent to the TRIUMF Experi-
ments Evaluation Committee [Frekers, spokesperson
TRIUMF, July, 1991] we proposed the alternative reac-
tion 208Pb(p,2He)2orPb<g)5r-, where the diprotons were
to be detected with high resolution (~ 100 beV) using
the large solid angle second arm spectrometer (SASP)
presently under commission. The reaction kinematics
is identical to the (n, d) case. Only the underlying el-
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ementary reaction p + n —* (pp) -f- ir~ process is not
driven through an intermediate A-configuration and
therefore roughly an order of magnitude lower in cross
section. A similar reaction has been proposed in a re-
cent COSY-proposal [Machner, spokesperson, COSY
proposal COSY-10] which deals with pionic states in
medium weight nuclei.

Another potentially useful reaction for populating
deeply bound pionic states is 208Pb(p,3He)206Pb®^-,
which in many ways is complementary to the (n, d) or
(p,2He) cases. The underlying elementary reaction is
p+ 'nn' —* 3He +ir~. The cross section for this reac-
tion is not known, but one can use some back-of-the-
envelope calculations to estimate a 1.5 to 2 orders of
magnitude suppression of the cross sect ion compared
to the (n,d) case. The magic energy (i.e. the energy,
where the beam momentum is equal to the momen-
tum of the outgoing 3He, and hence the pion momen-
tum close to zero) is 230 MeV. This corresponds to an
outgoing 3He energy of 85 MeV, which is still a com-
fortable energy for using the TR1UMF MRS magnetic
spectrometer.

Spectroscopic inform"'ion available from the reac-
tion 208Pb(p,£)206Pb indicates a large spectroscopic
factor to the 206Pb {0+)-ground state [Smith et al.,
Nuc). Phys. A 158, 497 (1970); Lanford, Phys. Rev.
C 16, 988 (1977)]. Therefore, unlike in the (n,rf) or
(p,2He) case, the L = 0 transition favours the popula-
tion of (Is) and (2s) pionic states with little strength
distributed to higher lying nuclear states. Toki's calcu-
lation [Toki ei at., op. cit.] indicates a natural width
of 630 keV for the (Is) state and 180 keV for the
(2s) state. The two levels are about 4 MeV apart with
Es(ls)=6.96 MeV and EB(2s)=2.96 MeV.

To study the feasibility of this reaction, an experi-
ment was performed with a 230 MeV proton beam on a
10 mg/cm2 208Pb target and the MRS magnetic spec-
trometer at 3.5°. At small angles the MRS front end
wire chamber (FEC) rate usually limits the beam in-
tensity to about 1 n A because of intense elastic scatter-
ing. However, detection of relatively slow-moving 3He
requires a significant lowering of the high voltage on
all chambers. Consequently, the FEC efficiency for pro-
tons will drop, therefore lowering its overall rate. Since
the MRS dipole field corresponds to only half the inci-
dent beam momentum, all detection devices at the exit
of the magnet are not subjected to high elastic rates.
The instrumental resolution for detecting 85 MeV 3He
was around 250 keV, which is sufficient for determin-
ing the natural width for at least one state. The abso-
lute energy calibration was performed via the reaction
p+d —>3He+7r° on a CD2 target. The underlying back-
ground from the (p,3He) deuteron pick-up reaction at
around 140 MeV excitation energy in the 206Tl residual

nucleus was found to be small enough. A more thor-
ough search for the deeply bound pionic states using
the 208Pb(p,3He)206Pb®ir- reaction is therefore envi-
sioned.

Experiment 629
GT+ strength distributions of astrophysical interest
for (/p) shell nuclei
(W.P. Alford, Western Ontario)

In the late stages of evolution of a sufficiently mas-
sive star, the core has been largely converted to iron
and is supported mainly by the pressure of the rela-
tivistic electron gas. At this point no further energy
can be supplied by fusion. The core contracts, with
temperature and pressure increasing until electron cap-
ture reactions, e~ + *A —• '~lA+v, become important.
This loss of electrons, plus the loss of energy to the
emitted neutrinos results in a catastrophic collapse of
the core, and possibly formation of a supernova.

The course of events leading up to the collapse de-
pends on the reaction rates for electron capture in the
nuclei present in the core. For stable nuclei measure-
ment of the AL = 0 contribution to the *A(n,p)"~lA
reaction cross sectn.ii provides a determination of the
Gamow-Teller strength for /?+ decay, from which the
reaction rate can be calculated. These measurements
also provide data for the calibration of model calcula-
tions of GT+ strength distributions for unstable nuclei,
for which direct measurements are not possible. The
present measurement is one of a series (Expts. 267,
378, 384, 438, 491) which have investigated the distri-
bution of GT+ strength for nuclei in the (/p) shell.

Using the CHARGEX facility in the (n,p) mode,
we have measured proton spectra in the reactions
51V(n,p)51Ti and 59Co(n,p)59Fe at an incident energy
of 198 MeV. Data were recorded at MRS angles 0°, 4°,
8°, 12°, 16° and 20° up to an excitation energy of about
40 MeV in the final nucleus. Overall energy resolution
was close to 1 MeV. Data analysis was carried out us-
ing the program LISA and the final spectra were then
binned in 1 MeV bins for multipole analysis. In this
analysis angular distributions for each energy bin were
fitted by a sum of DWIA shapes for AL = 0,1,2,3
with AJ* = 1+, l - , 2 + , 3 - respectively.

Results of the multipole analysis for the 0° spectra
are shown in Fig. 92. The GT+ giant resonance stands
out prominently in each spectrum. In addition, the spin
dipole giant resonance is identified by the AL = 1 con-
tribution to the cross section. Shell model calculations
of the GT+ strength are now in progress and will be
compared with these results.
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Fig. 92. (a) Multipole decomposition of 0° spectrum for 51V(n,p)41Ti. The GT contribution ( I = 0) is cross hatched, (b)
Multipole decomposition of O°spectrum for 59Co(n,p)'l9Fe. The GT contribution (L = 0) is cross hatched.

Experiments 630, 566
Elastic proton scattering from polarized 3He
(D.M. Whiital, NAC, South Africa; 0. Hausser,
SFU/TRIUMF; B. Larson, SFUJ

The development of dense optically pumped 3He gas
targets has allowed our group to pursue the measure-
ments of target-related observables in 3He{p,p) elastic
scattering at energies between 200 and 500 MeV (see
1990 Annual Report, p.43). The well known nucleonic
structure of 3He makes this experiment a useful testing
ground of proton-nucleus reaction dynamics. The ob-
servables in the spin 1/2 spin 1/2 system are sensitive
to different linear combinations of the six complex am-
plitudes (a-f) which characterize the p—3He T matrix

T = [{a + b) + (a - b)ffp • N<r2 • N + (c + d)crp

• M<r2 • M + (c - d)trp • L<r2 • L + e(trp + <r2)

• N - r / K - « r 2 ) - N ] / 2

where ' 1 ' refers to the projectile proton and '2' to the
target. The observables of interest for Expt. 566 and
Expt. 630 are related to these amplitudes by [Landau
et al., Phys. Rev. C 41, 50 (1990); MefTord and Landau,
private communication]

AOONO

AOQON

A00NN

AQOLM

AOOML

Re{a'e + bmf)/c
Re[a'e-b'f)/(r

= -Im(d'e-c*f)/o-

= -Re{a'd - b'c)/a

where the subscript M refers to the polarization di-
rection along "Momentum transfer" and L indicates
"Longitudinal" polarization.

The results from Expt. 566 for 500 MeV are shown
in Figs. 93 and 94 together with two recent, non-
relativistic distorted-wave impulse approximation cal-
culations [Landau, op. cit.; Mefford and Landau, op.
cii.; Ray, private communication]. Landau and collab-
orators [Landau, op. cit.; Mefford and Landau, op.
cit.] have developed a momentum-space optical poten-
tial using a number of assumptions but without ad-
justable parameters (solid lines in Figs. 93 and 94).
The importance of the / term in the nuclear ampli-
tude, which vanishes for the isodoublet NN system
because of charge independence, is evident from the
difference between AOONO and AQOON in the data of
Fig. 94. The theoretical calculations [Landau, op. cit.;
Mefford and Landau, op. cit.) clearly fail to treat the
dependence of these observables on tlif b*f term cor-
rectly. For AQONN the calculations bear little resem-
blance to the data. The small measured values imply
that the large amplitudes a, b, e, and / are interfering
destructively.

Preliminary DWBA calculations by Ray [op. cit.],
who used the non-relativistic impulse approximation
described in Ray et o/.[Phys. Rev. C 37, 1169 (1988)]
and a simple s-state wave function for the 3He ground
state, are shown as dashed lines in Figs. 93 and 94.
Parameters in this calculation were adjusted to repro-
duce cross sections and analyzing powers. Although
this calculation is in better agreement with the data,
it appears that the new spin observables are sensitive
to parts of the scattering amplitude not tested by a
and .AOONO measurements and that these parts are not
calculated well enough. The availability of experimen-
tal data for all the above-mentioned spin observables
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Fig. 93. Differential cross section for 3He(p,p) elastic scat-
tering at 500 MeV measured by Expt. 566 with a gas target,
and by Hasell et al. [Phys. Rev. C 34 236 (1986)] at 515
MeV with a liquid target. Theoretical predictions are from
Landau et al. [op. cit.; Mefford and Landau, op. cit.] (solid
line) and from Ray [private communication] (dashed line).

will help to resolve the disturbingly large discrepancies
between these two quite similar approaches. The data
should also provide a firm incentive for those theorists
who already tackle the difficult four-body problem.

For two energies, 200 and 500 MeV, an expansion of
the N-type measurements was proposed (Expt. 630) to
encompass all beam- and target-related spin observ-
ables. The new L-type and S(sideways)-type observ-
ables are sensitive to previously untested bilinear prod-
ucts of amplitudes. The polarized 3He target is in the
process of being upgraded (see also Experimental Fa-
cilities, this report). The new arrangement consists of
two pairs of Helmholtz coils which provide the holding
field for the sideways and longitudinal spin directions.
This arrangement can also serve as an adiabatic spin
rotator. Polarization losses for slow rotations of the Bo

holding field are expected to be lower than with adi-
abatic fast passage NMR which at present limits time
intervals between spin reversals to several hours. An in-
crease in the flip rate of the target spin by a large factor
will reduce the systematic errors in the target-related
quantities. In addition, work is continuing on suitable
target cells having long relaxation times. These steps
should significantly improve the overall quality and
versatility of the TRIUMF polarized 3He target. The
changes required for Expt. 630 will make the TRIUMF
polarized 3He target adaptable to the requirements of
future experiments.
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Experiment 634
Investigation of the (p, dx+) reaction in the
quasifree region
(W.R. Folk, Manitoba)

This experiment proposes a first examination of the
(p, dir+) reaction in the quasifree region. Our present
knowledge of the exclusive A(p,v+)B reaction gives
compelling evidence of the dominance of the underly-
ing pp —• dx+ process in these reactions, which itself is
dominated by the intermediate formation of the A res-
onance. The (p, dn+) reaction can thus be expected to
have relatively large cross sections in the quasifree re-
gion where the momentum transfer is much lower than
in the exclusive reactions.

74



This initial study will be carried out for the two nu-
clei 12C and 1 60 at proton bombarding energies of 370
and 500 MeV. Angular distributions of the (double)
differential cross sections and analyzing powers will be
measured using the MRS and SASP spectrometers in
the dual mode of operation, with the deuterons de-
tected in the MRS and the pions in the SASP spec-
trometer.

At the present time the installation of the SASP
spectrometer is still in progress. Measurements will
commence when the dual spectrometer system is oper-
ational.

Experiment 635
Experimental survey of the (p,x~) reaction in the
A region
(E. Korkmaz, Alberta)

Over the last decade, extensive (p, T*) experimen-
tal studies have focused on establishing phenomeno-
logically the systematics of proton-induced pion pro-
duction from nuclei. But, in contrast to the wealth of
(p, JT1) data now available near the production thresh-
old, very few measurements exist above 200 MeV,
specifically in the region where the role of the A reso-
nance should be most emphasized (around 350 MeV).
In particular, only one set of (p, TT~) data exists in this
energy range. These data were taken with the MRS
which, because of the very low cross sections involved,
was hardly an adequate system for efficient studies
of this reaction. With the second arm spectrometer
(SASP), one has the opportunity to collect (p, it~) data
at rates expected to be greater than those with the
MRS by a factor of ~100.

Experiment 635 is a survey of the exclusive (p, ir~)
reaction with polarized proton beams at three energies,
250, 350, and 450 MeV. Cross section and analyzing
power measurements will be made with the SASP on
two target nuclei, 13C and 48Ca, over the entire angular
range available (20°-150°). Transitions to both discrete
and continuum final states will be measured simulta-
neously up to ~35 MeV of excitation. First-order un-
derstanding of the (p, 7T~) reaction mechanism should
be possible via direct comparisons with new and forth-
coming pn —* ppw~ data. Yet, it is anticipated that
mapping of the energy dependence of the cross section
and analyzing power angular distributions in the A re-
gion would test current (p, JT) theoretical models and
provide critical constraints on their physics input.

The experiment will be ready to run as soon as the
SASP is ready for commissioning and the first round
of measurements is completed. This round consists of
a similar survey of the (p, ir+) reaction (Expt. 417).

Experiment 643
ir~p — 7«
(M. Kovash, Kentucky; D. Hntcheon, TRIUMF)

The cross section for the reaction n~p —• yn at
low beam energy is of interest because it can be com-
pared with predictions by low energy theorems for in-
teractions of s-wave pions with a nucleon. There has
been no direct measurement of this process at very
low beam energy. With the newest generation of large,
high-resolution Nal detectors, it will be possible to
study in-flight n~p —> in at energies much lower than
the 27 MeV which was achieved in an earlier TRIUMF
experiment using the TINA crystal.

Experiment 643 will use the Nal detectors of Boston
Univ. (BUNI) and the Univ. of Kentucky, a 1 cm thick
liquid hydrogen target, and ir~ beams of 10, 15, and
20 MeV from the M13 channel at TRIUMF. Precision
measurements of cross section over a range of angles
will permit the separation of yield into s-wave and p-
wave components.

As the beam energy decreases, the y peak from in-
flight capture shifts closer to the 129 MeV peak due
to radiative capture of pions which stop in the LH2
target. In order to assess the backgrounds to be ex-
pected from stopped pion capture and from interac-
tions with the target windows, Expt. 643 carried out
in December a test run using a 1.5 cm LH2 target and
the BUNI detector. Figure 95 shows the BUNI energy

100

140 150
E? (MeV)

Fig. 95. Spectrum of gamma rays from radiative capture
of *•" in a liquid hydrogen target. The 138 MeV peak is
from capture in flight, the peak at 129 MeV is due to the
capture of stopped pions. The hatched region is the yield
from a target-empty run.
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spectrum at the lowest beam energy and largest angle
surveyed in the test run. The in-flight peak is seen at
138 MeV and the stopped pion peak (resulting from
1 pion in 500 coming to rest in the LH2) appears at
129 MeV. The hatched area is the yield from a target-
empty run in which the liquid hydrogen was expelled,
leaving cold H2 gas in the cell. A clean separation of
the stopped and in-flight ir~p —* yn peaks is possible.

A production run, using two Nal dectectors and a
hydrogen target of well controlled thickness, is planned
for summer, 1992.

Experiment 645
Absolute differential cross sections in the *•* + p —»
jr* -+• p reaction around the A resonance
(MM. Pavan, J.T. Brack, UBC)

Most of the recent experimental and theoretical ac-
tivity in irp elastic scattering has been carried out at
low energies (< 140 MeV) [e.g. Brack et al., Phys. Rev.
C 41, 2202 (1990); ibid., 34, 1771 (1986); Frank et al.,
Phys. Rev. D 28, 1569 (1983)]. Some of the modern
data (since 1983) at these energies are in significant
disagreement with older data [e.g. Bertin et al., Nucl.
Phys. B 106, 341 (1976); Bussey et al., Nucl. Phys. B
58, 363 (1973)] and thus are in disagreement with the
established Karlsruhe-Helsinki and Karlsruhe partial
wave analyses (PWA) [see e.g. Hoehler and Landolt-
Bornstein, vol. 9, p.b2, ed. H. Schopper (1983)] which
are wholly dependent on the older data. Since these
partial wave analyses apply sophisticated dispersion-
theoretic constraints on the amplitudes, they are gen-
erally regarded as the most reliable description of these
fundamental reactions. They are also employed for cal-
culating a number of fundamental parameters such as
the nucleon sigma commutator, E, and the coupling
constants frp/N and fpsN- In fact, these PWAs are
generally regarded as so reliable that they are fre-
quently used as a basis to which many experiments and
theories are normalized. Thus, the contradictory state
of the low energy database is sufficiently troublesome
that the situation is now regarded as a 'mess' by most
workers in this field. It should be emphasized that the
use of dispersion relation constraints in the Karlsruhe
analyses, together with the dominance of the P33 par-
tial wave at these energies, couples effects at low ener-
gies with the nature of the data near the A resonance.
Thus, errors in the database at the latter energies could
have a profound impact on all partial waves at lower
energies.

In July TRIUMF's EEC recommended acceptance
(with high priority) of Expt. 645. This experiment is
intended to measure absolute differential cross sections
for v^p elastic scattering at centre-of-mass scattering
angles between approximately 60° and 160° for 6 inci-
dent pion kinetic energies between 140 and 270 MeV.
The objective is to provide accurate data over as broad
a kinematic range as possible in order to:
a) elucidate regions where substantial discrepancies
exist between competing PWAs (Karlsruhe-Helsinki
KH80 [Hoehler and Landolt-Bornstein, op. cit.] and
VPISM90 [Arndt et al, Phys. Rev. D 44, 289 (1991)])
b) extend the TRIUMF work at low energies (where
very significant discrepancies were found to exist be-
tween the new data and the PWA's) in the energy re-
gion across the P33 resonance, and
c) provide, along with recently published analyzing
powers from TRIUMF in this energy range [Sevior el
al, Phys. Rev. C 40, 2780 (1989)], a comprehensive
modern data set around the all-important A resonance.

Upon completion of this experiment and the mea-
surement of low energy analyzing powers using the
CHAOS spectrometer (approved TRIUMF Expt. 504),
there will have been measured at TRIUMF a complete
set of accurate differential cross section (4=) and an-
alyzing power (Ay) data for the elastic ir*p reaction
over the entire (3,3) resonance region from T» = 30 to
270 MeV, providing valuable input for the next round
of partial wave and dispersion relation analyses.

For this experiment we will use the straightforward
two-arm scintillator-telescope coincidence method used
successfully by this group in earlier measurements from
67 to 139 MeV [Brack et al., Phys. Rev. C 34, 1771
(1986)]. In addition, we intend to employ a new su-
percooled LH2 target, which will be characterized by
low (<1%) thickness uncertainty, as well as solid CH2
and carbon (background) targets. Extensive system-
atic checks covering all aspects of beam monitoring,
counter, and target geometries will comprise half the
requested beam time. The measured cross sections are
intended to have normalization and statistical uncer-
tainties of < 3% and < 1.5%, respectively.

To date (December), the design of the supercooled
target has been completed. In addition, preliminary
tests on target window bulging have been successfully
carried out. These tests showed that the linear dimen-
sion of the target flask can be determined to approxi-
mately ±0.2% for a 1.5 cm thick target.

The full 62 shifts of allocated beam time are ex-
pected in late spring 1992.
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RESEARCH IN CHEMISTRY AND SOLID-STATE PHYSICS

Experiment 461
pSR studies of dioxygen and ethylene physisorbed
on pure silica powder
(R.F. Marzke, Arizona State)

From our earlier work, extensive data for muonium
relaxation rates in transverse field (TF) are available
for several very low (ppm) coverages of O2 adsorbed
on the surface of the magnetically clean Optipur silica
(SiCh) support used. These measurements were made
possible by the low (~0.5 ^s"1) background relaxation
of ihe support, over a side temperature range. Pre-
liminary TF data for ethylene (ethene) on Optipure
were obtained during this past year, and they exhibit
a Mu relaxation temperature dependence similar to
those previously observed for O2 (Fig. 96). This finding
is expected from our current picture for Mu relaxation,
which occurs in both gas and surface phases of the ad-
sorbate over the range 30-300 K, but more rapidly in
the latter.

Longitudinal-field data for O2 at both moderate
(~1 kG) and high (to 30 kG) magnetic fields show
unexpected two-stage behaviour in the general relax-
ation rate decrease which occurs with increasing mag-
netic field. This dependence contrasts sharply with
that observed for gas-phase O2. An initial rapid de-
crease occurs at lower fields, indicative of formation
of a muonated radical with a low (~60 G) value of
hyperfine field and slow electron spin relaxation. Our
data from summer at high field also display a second,
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Fig. 97. Longitudinal-field relaxation at high fields, 4 ppm
O2, 300 K.

slower rate decrease characterized by a large (~10 kG)
decoupling field (Fig. 97), which is the signature of a
muonic fraction with rapidly relaxing electron spins.
The relaxation rate's field dependence has been fitted
by Senba to his new model for rapid O2 spin exchange
of a radical (presumably MUO2) with O2- An alter-
native is the classic Ivanter-Smilga picture of rapidly
relaxing Mu spin-exchanging with O2 • Further experi-
ments are required to elucidate the differences between
these models for O2.

Off-site studies conducted include C2H4 desorption
as a function of temperature and magnetic susceptibil-
ity of O2 on SiO2 (Fig. 98). The former reveal a lower
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Fig. 96. Transverse-field muonium relaxation rate, 4 ppm
C2H4 loading.
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Fig. 98. Temperature dependence of CjH* desorption-
adsorption at constant volume, 1% coverage. Vertical axis:
pressure increase (%).
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ethylene desorption temperature range for silica than
expected (~230 K), but higher than the 140 K range
for O2. The latter measurements were performed in a
SQUID at much higher O2 coverages than those us-
able for the highly sensitive MuSR experiments, and
they reveal a random antiferromagnetic system with a
coupling of the order of 10 K, as seen in studies of O2
adsorbed on porous Vycor. This is probably indicative
of strong O2 clustering on the Optipur silica surface.

Experiment 463
Critical divergence of electric field gradient in MnSi
studied by muon level-crossing resonance
(R. Kadono, Tokyo)

It is widely recognized that the spin fluctuation
of the itinerant (conduction) electron plays a vital
role in determining the magnetic property of weak-
ferromagnetic metals, which has been manifested in
the self-consistent renormalization (SCR) theory de-
veloped by Moriya and Kawabata [J. Phys. Soc. Jpn.
34, 639 (1973); ibid., 35, 669 (1973)]. According to the
SCR theory, the Curie-Weiss paramagnetic behaviour
of the thermodynamic parameters often observed in
metallic ferromagnets is explained in terms of the cou-
pling between different modes of the spin density fluc-
tuations, not by relying upon the concept of the lo-
cal atomic moment which is apparently inappropri-
ate in metals. As one of such parameters predicted by
the SCR theory, the spin-lattice relaxation time (Ti)
has been investigated by NMR and muon spin relax-
ation (/iSR) techniques in various magnetic materials.
In particular, the earlier studies by using those spin
probes have shown that MnSi (Tc = 29.5 K) is one of
the classical examples of the weak-ferromagnet where
the temperature dependence of T\ is in excellent agree-
ment with the prediction of the SCR theory [Yasuoka
et al., J. Phys. Soc. Jpn. 44, 842 (1978); Hayano et
at., Phys. Rev. Lett. 41, 1743 (1978); Takigawa et at.,
J. Phys. Soc. Jpn. 49, 1760 (1980)].

In the recent experiment at the TRIUMF M13 chan-
nel we found that the electric field gradient (EFG) in
MnSi shows a divergent temperature dependence near
Tc. The result further demonstrates the substantial role
of the itinerant electron for both spin and charge fluc-
tuations in the metallic ferromagnets. The tempera-
ture range of the measured electric quadrupole split-
ting w<j for 55Mn nuclei was extended from T — Tc > 90

K in the previous NMR data [Yasuoka et al., op. cit.]
to T — Tc > 5 K by means of muon level-crossing res-

onance (/iLCR) technique. As shown in Fig. 99 the
/uLCR field corresponding to UIQ/J^ (where 7^ denotes
the muon gyromagnetic ratio) shows a divergent be-
haviour as the temperature approaches Tc, indicating

50 100 150 200 250
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Fig. 99. Temperature dependence of pLCR field B,t, in
MnSi. Two resonance fields corresponding to \IX\ = | —• j
(open squares) and | / i | = | —• 5 (open circles) are found.

that the EFG at Mn nuclear site has a strong corre-
lation with the magnetic susceptibility x- This strong
temperature dependence is explained by considering
the coupling of charge density to spin density fluctu-
ations within the framework of the SCR theory: the
EFG due to the conduction electron is related to the
magnetic susceptibility through the quadrupole polar-
izability >f the charge density distribution [Takahashi
and Moriya, J. Phys. Soc. Jpn. 44, 850 (1978)]. De-
tailed analysis of the data is still in progress.

Experiment 500
Formation, relaxation and LCR spectroscopy of
muonated radicals in the gas phase
(D.G. Fleming, UBC)

Experiment 500 is concerned with the characteriza-
tion of muonium-substituted free radicals in the gas
phase, both in terms of their hyperfine spectroscopy
and mechansims for spin relaxation. This type of study
is very difficult by conventional ESR techniques in all
but the simplest (linear) molecules. A complete set of
//SR data has been obtained for the isotopically substi-
tuted MuC2H4 radical and the results published [Per-
cival et al., Chem. Phys. Lett. 163, 241 (1989); Flem-
ing et al., Hyp. Int. 65, 767 (1990)] (the early phase
of these studies was carried out under the auspices
of Expt. 398). Additional data have also been taken
for propene and some fluoro-ethenes. Searches for the
MuCO and MuC2H2 radicals have so far proven un-
successful.

One outstanding question which had emerged from
the studies cited above was the mechanism for the for-
mation of muonium-substituted radicals, notably the
MuC2H4 radical. Based on studies reported elsewhere
of the thermal Mu atom addition rates [Garner et al.,3.
Chem. Phys. 93, 1732 (1990)], one would not expect
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to see any TF fiSR radical signals at low pressures,
in contrast to the results [Percival et al., op. cit.]; in-
deed, even at 1 atm, there is an easily observable signal,
with an amplitude still half of that seen at the highest
pressures run (12 atm). This phenomenon was inves-
tigated further in a run on M20B in the summer, in
a study of the TF /iSR radical precession frequencies
as a function of C2H4 pressure (1-10 atm) and field
(1-10 kG). The results confirm the earlier observation,
suggesting an epithermal (hot atom) mechanism for
Mu addition, forming MuC2H4*, consistent with the
first report (from PSI) of the MuC2H4 radical in the
gas phase [Roduner and Garner, Hyp. Int. (1986)]. The
present TRIUMF data are not yet fully analyzed but
if hot atom (Mu*) addition is indeed the dominant
mechanism for the formation of the radical, then the
dissociation lifetime of the MuC2H4* radical must be
much longer than (RRKM) theoretical estimates would
predict, an important result to the broad field of study
in unimolecular reaction dynamics [Garner et al., op.

at.].

Experiment 524
Muonium reactivity enhancements
(D.C. Walker, UBC)

The final stage of this experiment was a test of the
normal /iSR fitting equation to a system in which there
were several independent exponential muon decays. In
the case of micelle-localized solutes, the timescale of
muon decay is much smaller than the timescale on
which solute molecules move from micelle to micelle, so
a single exponential should be replaced by many - not
just with different weighting factors but with collec-
tive exponents. So the normal eight-parameter fitting
equation (Eq. 1),

N, = NoiB + e-^i
+ ADcos{u)Dt (1)

was replaced by one taking account of different decay
rates in individual micelles.

We assumed the distribution of organic solutes be-
tween the hydrocarbon pools will follow Poisson statis-
tics and does not alter during the lifetime of a muon.
Call /o, / i , fi ... fi the fraction of Mu atoms local-
izing at a micelle that happens to contain 0, 1,2, ...i
solutes, respectively. Let the pseudo-first order chem-
ical rates of reaction there be Ao, k[S\\, k[S]2 ...k[S]i
(this merely assumes the effective rate increases pro-
portionately to the solute concentration in the pool,
i.e., same Jfc). There are two situations, depending on
the Mu-residence time (T) relative to the reaction time

(A-1)-
(i) If TX <C 1, then Mu dashes between pools sam-

pling each, the / ' s remain the same throughout, and

the solutes contribute collectively to the overall Mu de-
cay, with the result that the Mu signal (AM term in
Eq. 1) has a single exponential decay with a summed
exponent, as in Eq. 2.

(2)

But (ii), if TX ^> 1, so that each Mu is stuck in its
initial pool for its entire life to decay in isolation, then
the analysis needs a summation of exponentials as in
Eq. 3.

AM (/„ (3)

Artificial samples with clearly separated phases, con-
sisting of part quartz (high yield and long half-life) and
part aqueous nitrate solution (low yield but short life-
time) were studied; but, unfortunately, beam time al-
location expired before the above equations could be
verified.

Experiment 525
Copolymerization in micelles by /JLCR
(D.C. Walker, UBC)

Muonium was shown to react with organic C=C
bonds at nearly the diffusion-controlled rate -
and therefore unaffected by localization in micelles,
whereas muonium reacts with activation-controlled
species at rates which depended on the type of reaction
involved. This difference was revealed in competitive
reactions taking place within a given micelle. The re-
sults comparing 2-propanol with styrene were initially
presented by Venkateswaran et al. [Hyp. Int. 65, 959
(1990)].

Experiment 527
Slowing down time of positive muons in gases
(M. Senba, UBC)

The slowing down and thermalization of positive
muons in matter, in particular, the questions of how
long it takes to slow them down, what the final prod-
uct after thermalization will be, and at what energy the
final product is formed, are of fundamental importance
in atomic/nuclear/particle physics and radiochemistry.

The slowing down of the positive muon in gases can
be divided into roughly three regimes: (i) Bethe-Bloch
ionization, (ii) cyclic charge exchange, and (iii) ther-
malization. The thermalization regime begins when the
muon emerges from the charge exchange regime as a
final product. It has been shown theoretically that the
phase of a muonium ftSK signal is directly proportional
to the time the muon spends in the Bethe-Bloch and
charge exchange regimes (slowing down time).
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Fig. 100. Observed muonium initial phase in Ar as a func-
tion of 1/n at 5=7.5 G, where n is the number density of
Ar.

Using the (iSR technique, muon slowing down times
have been measured in Ar. Figure 100 shows the muo-
nium initial phase as a function of the inverse density
of Ar (1/n). The muonium phase can be expressed by

where To and no are, respectively, the slowing down
time and the number density at 760 torr and 300 K,
uip and U>MU a r e the precession angular velocities of
the positive muon and muonium, respectively and 0TO

is the phase corresponding to the high pressure limit.
The slope of a <£MU VS. 1/n plot is

d<j>lA\x = -{w,, + wMu)rono .

Since wp, <JMU, and no are well-known quantities, the
slowing down time at 760 torr and 300 K (r0) can be
obtained from the slope of the plot.

Figure 101 shows r0 as a function of the initial muon
energy measured by a surface barrier detector posi-
tioned inside the target vessel. The slowing down time
from energy Ei to Ej can be expressed in terms of the
stopping power of the medium as

Ta(t£i,E}) = I -
JB. »I

dE
(dE/dx) '

Differentiating ro(Ei,E/) with respect to E,, one ob-
tains

dtn 1

Muons in Ar
i

Fig. 101. The slowing down time of the muon in Ar as a
function of the initial muon energy.

Muona In Ar

1 2 3
Klnatle Energy (M*V)

Fig. 102. Stopping power per atom in Ar. Solid circles are
measured values in this work while the solid line represents
the result of velocity scaling from the corresponding proton
data (dotted curve).

Therefore, one can obtain the stopping power of the
positive muon in Ar at Ei from the slope of Fig. 101.
Figure 102 compares the stopping power of the posi-
tive muon with that of the proton in Ar, where two
data points are in good agreement with the solid line
obtained from the proton data assuming that the stop-
ping powers of muons and protons are the same at the
same projectile velocity (velocity scaling).

dEi v(dE/dx)E, '
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Experiment 528
Muonium reactions with O2, NO, and CO in high
pressure moderators
(M. Senba, UBC)

The addition reactions of H atoms to O2, NO, and
CO play an important role in combustion chemistry.
They have been extensively studied at relatively low
moderator pressures, to 1 atm, but so far, the pressure
limit has not been approached for NO and CO, and
there is only one study up to 200 atm for H+O2- This
lack of information on the high pressure parameters
for NO and CO2 is due to the difficulties most tech-
niques have in reaching the necessary pressures. This
is not the case for /iSR, which also offers the advan-
tage, over most of the H atom techniques, of having
neither self reaction nor wall reactions. Obtaining ex-
perimental values for the high pressure rate constant
fca.oo in recombination reactions is also very important
to a better definition of the underlying potential en-
ergy surface as well as to a proper interpretation of
R.RKM unimolecular dissociation channels.

The addition reactions Mu+NO —• MuNO can be
regarded as a two-step process

MMu + NO ~ [MuNO]' ̂  MuNO (4)

where [MuNO]* is the intermediate complex for this
reaction and M denotes the moderator. This reaction
competes with the spin flip process

Mu(T) + NO(1) - Mu(i) + NO(T) • (5)

In a longitudinal field (B), the relaxation rate (A/,) it
expressed in terms of the chemical reaction (Ac) and
the spin flip (XSF) rates by

(6)

where X is the applied field parameter X = (B/fl0)2

with Bo=1.58 kG.
In this experiment, the longitudinal relaxation rate

of Mu+NO has been measured in four different N2
moderator pressures up to 60 atm. As is evident from
Eq. 3, the spin flip mechanism is quenched at high field
(B 3> Bo) and the chemical reaction rate is obtained
from the high field intercept of a Ax, vs. 1/(1+-Y2) plot.
Figure 103 shows \L at 58 atm N^ moderator pressure
with three different concentrations of NO. Figure 104
shows the chemical reaction rate as a function of [NO],
where the slope of the plot corresponds to the reaction
rate constant. Figure 105 plots At for a given [NO] as
a function of moderator pressure.

It has been concluded that the Mu+NO system does
not reach the high pressure limit at 60 atm and the

0.0 0.2 0.4 0.6 0.8 1.0
1 / (1 + X2)

Fig. 103. Longitudinal relaxation rate vs. 1/(1 + X2) for
[NO]=86 (circles), 630 (squares), and 960 (diamonds) x
1014 molecules/cm3 at 58 atm N2 moderator pressure.
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Fig. 104. Chemical reaction rate vs. NO concentration for
58 atm N2 moderator pressure.
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Fig. 105. Chemical reaction rate vs. Nj moderator pressure
for [NO]=8.6 x 1015 molecules/cm3.
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termolecular rate constant is fcMu=(U0±O.25)x 10~32

cm6 molecules"2 s"1, almost 4 times smaller than the
corresponding H atom reaction *H=390x 10~32 cm6

molecules"2 s"1.
Work is in progress to extend the measurement to

the MU+O2 aD-1 Mu+CO systems. The possibility of
MuO2 formatiou in high pressure (>6 atm) 0 2 is also
being investigated.

Experiments 532, 621
Studies on secondary electron emission in (i-foll in-
teractions
(Y. Yamazaki, K. Nagamine, Tokyo/RIKEN)

One of the most interesting effects in studying
atomic collision processes is their charge asymmetry
effect. A change of the sign of the projectile charge
provides a unique chance to disintegrate the effect into
two parts, i.e., symmetric and antisymmetric parts
with respect to the charge inversion. For projectile ve-
locities around Bohr velocity, considerable differences
have been predicted for stopping power (which is called
Barkas effect), A"-shell vacancy production, multiple
ionization, secondary electron emission, etc. However,
the number of the experimental investigations of these
effects is still very limited, because facilities that can
provide beams of opposite charge but with the same
mass and velocity are very limited. Even when avail-
able, the intensity of the beam is normally very weak.
In the present investigation, we have focused our at-
tention on the number distribution of multiply emitted
secondary electrons (MUSE) from foils bombarded by
positive and negative muons of the same velocity. The
technique enables us to study the charge asymmetry
effect even for very weak beams.

The experimental chamber was evacuated by a turbo
pump down to 10~5 torr and was directly coupled to
the M9 beam line to tune very low momentum muon
beams as low as 6 MeV/c. Muon beams are colli-
mated to ~12 mm <t> in diameter, pass a carbon foil
(10 fig/cm2), and are detected by a solid state detec-
tor (SSD) installed at a few cm behind the target. The
SSD (muon SSD) is surrounded by a well-type plastic
scintillator. For very low energy muons (< a few hun-
dred keV), the output pulse height of the SSD is so
small, the signals are buried in a background of huge
noise produced by fast electrons or positrons (decay
products). To remove the contributions from the decay
products, real muons are identified requiring a delayed
signal to appear at the well-type scintillator. The geo-
metrical detection efficiency of the sinctillator is ~75%.
The widths of the momentum distributions (FWHM)
were ~19% and ~13% at the incident momentum of
8 MeV/c and 11 MeV/c fi, respectively. The electric
current of the superconducting solenoid was reduced

to 180 A to optimize the intensity of muons in this
momentum range.

To measure the number distribution of MUSE, the
target foil tilted 55° with respect to the incident beam
was biased to about -15 kV. A pair of SSDs (electron
SSD) were installed at the ground potential facing to
the front and back surfaces of the target separated ~3
cm from the target. Secondary electrons emitted from
the target are accelerated toward the SSD, and deposit
an energy of a multiple of 15 keV. Accordingly the
pulse height distributions of the SSDs are expected to
show several peaks, the positions of which are propor-
tional to the number of electrons jumping into the SSD.
Assuming the Gaussian distribution for these peaks,
the number distribution of MUSE and the secondary
electron yield have been evaluated. Figure 106 shows
the ratio of the secondary electron yield in the forward
direction,

where y+ and 7" stand for the secondary electron yield
for positive and negative muons, respectively. It is seen
that the difference increases monotonically as the muon
momentum decreases. The dotted line in the figure
shows the ratio of the stopping power (Barkas effect)
[Jackson and McCarthy, Phys. Rev. B 6, 4131 (1972);
Lindhard, Nucl. Instrum. Methods 132, 1 (1976); An-
dersen et ai, Phys. Rev. Lett. 62, 1731 (1989)],

R.p = (A£+ - AE-)/(AE+

The energy dependence of R,e is seen to follow the de-
pendence of R,p in this momentum range. It has been
known that the secondary electron yield is roughly pro-
portional to the stopping power for ion bombardment

Muon Energy (MeV/u)
1 2 5 10

5 10 15
Muon Momentum (MeV/c)

Fig. 106. The energy dependence of the latir, R je = (7+ -
7~)/(7+ + 7") of secondary electron yield for muons. The
dotted line shows the ratio, R,p = (A£ + - A£~)
A£~), for stopping power.

82



[e.g. Yamazaki and Kuroki, Nucl. Instrum. Methods A
262, 118 (1987)]. In this study, we have shown that
the proportionality between secondary electron yield
and stopping power also holds between particles with
opposite charge and reflects the stopping power differ-
ence.

Finally, it is noted that the present technique to mea-
sure MUSE will provide much more detailed informa-
tion on the charge asymmetry effect than the average
value like stopping power and secondary electron yield.

Experiment 546
Muonium-substituted free radicals
(P. W. Percival, SFU)

Experiments 500, 546 and 586 together form a com-
prehensive program of research on the structure, dy-
namics and reactions of muon-substituted free radicals
in gases (Expt. 500), liquids, solids and on surfaces
(Expt. 586). The muon acts as the nucleus of the single-
electron atom muonium, which is essentially a light iso-
tope of hydrogen. Addition of muonium to an unsatu-
rated compound results in a free radical incorporating
a muon in place of a proton. The muon acts as a spin
probe of these molecules, information being acquired
by three different /iSR techniques. Muon hyperfine con-
stants are determined from muon spin precession fre-
quencies - the muon spin rotation method (TF-/iSR).
Hyperfine constants for other nuclei (H, D, F, I3C)
are also determined, using muon level-crossing spec-
troscopy (/iLCR). A third technique, radio-frequency
muon spin resonance (rf-/iSR), has been developed for
those systems where the muonium-substituted radical
is formed too slowly to give coherent precession signals.

Over the past few years, we have made a comprehen-
sive study of the temperature dependence of hyperfine
constants in muonium-substituted ethyl, propyl, tert-
butyl and cyclohexadienyl, including many isotopically
substituted species. The main goal has been to com-
pare the results with electron spin resonance data on
analogous H radicals, to gain insight into the effects
of isotopic substitution on intramolecular motion. The
extension of the project to isopropyl revealed an addi-
tional line of research, namely the discovery in propene
of a small amount of the n-propyl radical, in addition
to the expected isopropyl:
Mu + CH3CH = CH2 — CH3CHCH2Mu (major product)

+ CH3CHM11CH2 (minor product)

This is worthy of investigation for two reasons. First,
n-propyl is a primary radical, like ethyl, and compar-
ison of the temperature dependence of their hyperfine
couplings would provide a much desired experimental
test of the effect of H/CH3 substitution on rotation
about the Co-Cp bond. Second, there is the question of

the mechanism of radical formation. Hydrogen atoms
generally add to a C=C bond so as to form the more
substituted radical. The formation of the n-propyl iso-
mer possibly indicates the existence of some mecha-
nism in addition to the expected one of thermal Mu
addition. This question has also been under investi-
gation in Expt. 500, by way of measurements of the
pressure dependence of ethyl radical precession signals
in ethene gas.

A similar situation arose in the study of radicals
formed from ally] chloride, CH2 = CH-CH2C1. The ex-
pected radical product of Mu addition is MuCHVCH-
CH2CI (Rl). However, five resonances were detected
in the /iLCR study where at most four were antici-
pated (three types of proton and one Cl). Reinspec-
tion of the TF-/iSR spectrum revealed weak preces-
sion signals from a second radical, whose muon cou-
pling constant is consistent with the primary radical
CH2-CHMu-CH2Cl (R2). It seems most likely, there-
fore, that the five /xLCR resonances are those corre-
sponding to the three groups of protons in Rl and the
a and the /? protons of K2. The tentative assignment
should be confirmed by planned future measurements
of the temperature dependence of the LCR spectrum.

Our most recent radical study involves CeoMu, the
radical formed by addition of muonium to buckminster
fullerene. This involved a cooperative effort of several
/iSR groups at TRIUMF, formally working on different
experiments. The results are reported in Kiefl et at.
[Molecular dynamics of the MuCeo radical in solid Ceo
(submitted to Phys. Rev. Lett.)].

Finally, it is a pleasure to report that the consider-
able effort on developing an rf cavity for liquid samples
has paid off. The apparatus has performed faultlessly
in various types of experiment: diamagnetic muon res-
onance, low magnetic field resonance of muonium in
water, and detection of radicals, both at the 1/12 fre-
quency and at the 1/34 frequency with the opposite
sense of rotation of the circularly polarized rf field. An
unexpected "bonus" to the study of muonium in wa-
ter was the detection of double quantum transitions,
as evident in the spectrum shown in Fig. 107.

Experiment 573
Temperature dependence of spin exchange cross
sections between muonium and cesium atoms
(J.J. Pan, D.G. Fleming, UBC)

The spin exchange collision of muonium (Mu=p+e")
with Cs is of interest because the theoretical treatment
of this system, like that of its isotopic analog, H+Cs, is
expected to be relatively accurate because the scatter-
ing potential should be well known. This situation is
in marked contrast to that prevailing in atom-molecule
scattering, exemplified by our recent study of the spin
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Fig. 107. Muon spin resonance spectrum of muonium in
water. The two broad humps correspond to the 1/12 and
P23 precession frequencies, while the sharp feature between
them is due to double quantum transitions over the "for-
bidden" J>i3 transition.

exchange (often referred to as spin flip) cross section
for Mu+C>2. A comparison of electron spin exchange for
Mu and H systems is most likely to reveal any isotopic
mass dependence of the spin exchange interaction due
to the unparalleled mass difference between these two
atomic species (m^ = |m p ) .

1991 has been a very productive year for Expt. 573
despite the beam line problems which caused a loss of
two weeks of beam time at the end of the year.

Progress has been made on determining the Cs con-
centration in the target vessel. By extracting Cs vapour
out of the target then titrating it against standard so-
lution, we found the vapour pressure curve we used is
accurate with less than 20% error. New improvement
on better control and measurement of Cs liquid tem-
perature will further reduce this error.

The thermally averaged electron spin flip cross sec-
tion (<TSF) for Mu-Cs system has been measured by
the muon spin relaxation (/iSR) technique in an N2
moderator at a pressure ~2 atm and a temperature of
560 K. A plot of relaxation rate A vs. Cs concentration
ncs from February results is shown in Fig. 108. From
the slope of the line <TSF is obtained. The result has
been reproduced in the August beam time.

At present there is no theoretical calculation avail-
able for Mu-Cs collisions. Spin flip cross sections for
H-Cs have been calculated. To our knowledge no ex-
perimental values have been published to compare with
these calculations. The measured Mu value is lower
than the calculated H value, which is also the case in
a comparison of MU-O2 and H-O2 spin flip scattering,
indicating a significant isotopic mass effect.

Measurement at different temperatures and elimina-
tion of possible chemical reactions are underway.
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concentration * 10" (molecule/cm )

Fig. 108. Spin depolarization of Mu in the presence of Cs
at 560 K. The relaxation rates are measured at different Cs
number densities.

Experiment 574
Muonium radical yields
(D.C. Walker, UBC)

Muon level crossing resonance studies (pLCR)
have confirmed the occurrence of conformational S-
cis/trans isomers: that is, geometric (cis-trans) iso-
merism arising across a single C-C bond. This rare
type of restricted rotation has been assumed to exist
in special cases of organic compounds, but had not
been directly observed prior to its detection by (tSK
[J. Phys. Chem. 91, 4379 (1987)] and now by j*LCR
[J. Am. Chem. Soc. 112, 7163 (1990)]. It was found
in muonated free radicals formed by reaction of muo-
nium atoms with solutes containing conjugated double
bonds. The restricted rotation arises from the mixing
of the unpaired electron in a p-like atomic orbital with
the 7r-bond on an adjacent C=O group.

Figure 109 shows the fiLCR spectrum of methyl
acrylate as a dilute solute (2.5xlO~3 M concentra-
tion) solubilized by DTAB micelles in water. Muo-
nium atoms produced in the water react with localized
methyl acrylate molecules to form muonated free radi-
cals. These show a 'doublet' LCR spectrum. The dou-
blet undoubtedly arises from different isomers of the
same radical. Their separation (splitting) is accounted
for as originating partly with A^ and partly with An-
The main spectrum (shown as a derivative) is due to
the trans isomer, and its shoulder (lower field) due to
the cis conformer: their ratio being 3:1. These results
are described in J. Am. Chem. Soc. [112, 7165 (1990)].
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Fig. 109. Plot of A* - A against the applied longitudi-
nal magnetic field in Tesla (10* G) for the Hp (left) and
Ha (right) resonances in dilute aqueous micelle solutions of
methyl acrylate.

Table VI. BR values (in T), their assignment as cis or trans,
the cis-trans splittings and ratios of abundances, all for
/} — H resonances.

Solute
(in aqueous micelle)

Assignments A ( B R ) Ratio
BR trims BR cis trans.cis

Methyl acrylate(neat)
Methyl acrylate(in mic)
Ethyl me thacry late (neat)
Ethyl methyacrylate(neat)
Ethyl methacrylate(in mic)
Ethyl methacrylate(in mic)

1.3472 1
1.3716
1.1590 1
1.1912 ]
1.1603 1
1.1966 1

L.3692
1.3955
.1221
.1590

L.1323
.1711

0.022
0.0239
0.0369
0.0322
0.0280
0.0255

4:1
3:1
1:1
1:1
1:1
1:1

Acrylic acid (in water)
Acrylic acid (in water)(a)
Acrylamide
Vinyl acetate(neat)
Vinyl acetate(in mic)
Acrylonitrile(neat)
Acrylonitrile(in mic)

1.3756
2.0055
1.3189
1.2402
1.2443

1.4031
2.0272
1.3652
1.2115
1.2158

1.2049
1.2201

0.0275
0.0217
0.0463
0.0287
0.0285

-

3:1
3:1
1:10

(1:3 ?)
l:>10

-

Table VI gives the conclusions of this study, with the
last column showing the isomeric ratios found for the
range of compounds studied so far.

Experiment 582
London penetration depths in oxide superconduc-
tors
(E.J. Ansaldo, Saskatchewan)

The magnetic penetration depth was determined
by means of muon spin rotation and relax-
ation for La185Sri5CuO4, Bao 67sBiO3 (BKBO),
(Bii 8Pb 3)(Sr2_rLaI)CaCu2O8 and
(Bii 8Pb.aJSrjCaCuaOs-M (BiPb-2212),

YBa2Cu408 (Y-124), Y2Ba4Cu7Oi5_« (Y-247),
(Tl.5Pb 5)Ca(Sr 8La.2)Cu207 (TlBp-1112), and
(Bil.8Pb.2)Sr2Ca2Cu3Oio (BiPb-2223) samples span-
ning a range of critical temperatures (Tc) from 20 to
110 K. The extrapolated (T —• 0) spin relaxation rate
(proportional to X~2, and thus proportional to the su-
perconducting carrier density to effective mass ratio
ns/m* in a simple London picture) is shown in Fig.
110. For the Bi based cuprates and the Y-123 family,
uo increases almost linearly with Tc and eventually sat-
urates at moderate to high doping. The interesting as-
pect of the present results is that, for YBa2Cu4O8 and
Y2Ba4Cu7Oi5_j, Tc increases monotonically with de-
creasing 6 beyond the maximum 91 K saturation value
for the much studied homologous YBa2Cu3O?_« (Y-
123). The TlPb-1112 sample, interesting because it dis-
plays a record Tc for single- and double-layer samples,
seems to continue the Y-247 trend. From the point of
view of theory, such behaviour is as expected for exci-
tonic mechanisms and for Bose condensation of local
pairs in a homogeneous superconductor. The satura-
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Fig. 110. Plot of critical temperatures Tc vs. extrapo-
lated (T —>0) f«+SR relaxation rates <To for samples of
Bao.675Ko.275Bi03 (filled triangle BKBO), Lai.ssSr.uCuO*
(open triangle), (Bii.8Pb.3)(Sr2-»LaI)CaCu2Og
and (BiJ.8Pb.3)Sr2CaCu2O8+« (filled circles BiPb-2212),
(Bii.ePb2)Sr2Ca2Cu3Oio (BiPb-2223), Y2Ba4Cu7Ols_»
and YBa2Cu4O8 (filled diamonds Y-124/247) and
(Tl5Pb.5)Ca(Sr.8La.2)Cu2O7 (filled squares TlPb-1112),
as well as values previously obtained at TRIUMF for three-
layer samples (open symbols). The soli 1 lines are drawn to
guide the eye, but can be reproduced in a Bose condensa-
tion of local pairs picture (the monotonic rising trend, not
the saturation). The dash-dotted line is the behaviour of
Y-123, originally thought to describe a universal common
limit for all systems.
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tion effect for Y-123 and BiPb-2212 needs a separate
explanation, however, which is most likely due to the
fact that such materials are intrinsically defect-ridden
and microscopically inhomogeneous. The Y-124/247
family thus appears to be a better testing ground for
theory. The temperature dependence of the penetra-
tion depth A(T) is significantly different from the two-
fluid prediction in most cases, perhaps due to the ex-
istence of two (anisotropic) energy gaps in Y-124/247.
A preliminary description of the results has been pub-
lished in Phys. Lett. A 158, 479 (1991). In addition,
the penetration depth of Bi-based oxides could not be
reliably determined prior to this work because of pin-
ning effects. The present data show that the atomic
substitutions leading to better single phase samples
(and to the low-doping regime) also help pin the vortex
lattice, with depining temperatures significantly larger
than the 20-30 K typical of sintered and crystalline
Bi-2212 samples, and that the effect of oxygen anneals
is far from understood in this system.

Experiment 583
Magnetic order of oxides-first look at fullerene
(E.J. Ansaldo, Saskatchewan)

Magnetic order has been detected and its inter-
play with superconductivity studied in La2SrCu2C>6+«,
La2CaCu2C>6+«, and Lai.9Yo.iCaCu206+«- The order
parameters are remarkably similar to those for other
layered cuprates. For some time this (simplest) double-
layer system was considered an enigma, because nei-
ther superconductivity nor magnetic order were appar-
ent. Superconductivity with Tc as high as 60 K was,
however, induced in La2CaCu2C>6+a by Sr substitu-
tion for Ca. We concentrated on the effects of oxygen
stoichiometry, showing that oxygen excess results in
a superconducting phase separating in L^CaCujOs+i
below about 45 K. This has emphasized the impor-
tance of the state and mobility of oxygen defects in
the cuprate oxide high temperature superconductors
in general. Prior to the present results, the hole doping
effect of oxygen was considered to be essentially frozen
below room temperature. The fact that no equivalent
phase separation could be induced in La2SrCu2O6+,$ ,
which remains a (disordered) magnetic insulator was
interpreted in terms of detailed structural differences
between the two cases [Ansaldo et ai, Phys. Rev. B,
in press].

The ordered moment in La2NiO4+« was also deter-
mined for a stoichiometric sample. In this case, even
when more oxygen can be included in the lattice than
in the protoype LajCuC^+a, oxygen non-stoichiometry
results in drastic reduction of the magnetic order pa-
rameter, rendering existing data interpretations doubt-
ful at best for example for neutron diffraction data

[Ansaldo et al., J. Magn. Mag. Mat., in press].

A topic of great current interest is the nature of
the metal-insulator (MI) transition in magnetic ox-
ides that bpcome superconducting by doping. The ex-
perimental evidence seems to indicate that these ma-
terials are charge-transfer insulators (as opposed to
Mott-Hubbard). As a prototype for such cases, free
from most ambiguities, we have studied the properties
of the (RE)NiO3 perovskite (RE=Sm, Eu, Nd, Pr).
In this case the different phase transitions are clearly
separated, so the MI transition could be interpreted
in terms of electronic bandwidths, demonstrating the
closing of the charge transfer gap as a function of struc-
tural changes in the series, shown in Fig. 111. The re-
sults have been submitted to Phys. Rev. Lett.

During a low beam intensity period at Ml3, we inves-
tigated the states of muons implanted into a fullerene
(Ceo) sample. We found that, besides the free "dia-
magnetic" state, fi also forms two muonium species: a
vacuum Mu with hyperfine frequency close to free muo-
nium, and, more exciting, a Mu radical state with 325
MHz frequency. These results, shown in Fig. 112, were
reported in Ansaldo et ai [Nature 353, 121 (1991)].
This opens up the fascinating fullerenes to full study
by //SR: the "free" \i is being used to study the doped,
superconductive cases, and the radical MuCeo to study
the orientations! phase transition and rotational dy-
namics in crystalline fullerene. In future, the radical
will yield details of the electronic structure via 13C
avoided level crossing measurements, while the vacuum
Mu could be used in studies of diffusion and surface re-
actions (catalytic action of Ceo)- It is still to be deter-
mined whether vacuum Mu resides inside the molecular
cage, a tantalizing possibility.
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Fig. 111. Insulator-melal-antiferromagnetic phase diagram
for RN1O3 as a function of ionic radius (tolerance factor).
The heavy circles and squares are the /JSR results.
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Fig. 112. Fourier power spectrum of a C6O/7o powder sample
at 210 K, showing lines due to the MuC6o radical and the
vacuum-Mu doublet.

Experiment 585
Studies of muonium states in amorphous and crys-
talline silicon
(S.F.J. Cox, Rutherford Appleton Lab)

In this study muons have been implanted into sam-
ples of polycrystalline silicon (pcr-Si), hydrogenated
and deuterated amorphous silicon (a-Si:H and a-Si.D),
and unhydrogenated amorphous silicon (a-Si).

Measurements have been made of the diamagnetic
fraction vs. temperature, of muonium resonance in an
applied rf field and of the relaxation and repolarization
characteristics of the muonium spin at a function of
magnetic field.

Figure 113 shows the diamagnetic fraction PD VS.
temperature of three of the samples, obtained from
muon spin rotation experiments. Only the pcr-Si
sample shows a pronounced temperature dependence
which is attributable to ionization of the Mu* state.
The larger diamagnetic fraction in the amorphous sam-
ples probably arises from enhanced ionization by elec-
tron loss to localized band-tail states and, particularly
in a-Si, to capture of muonium by dangling bonds.

Figures 114 and 115 show resonance spectra; that
for a-Si:D is a field-swept spectrum at 50 K in an rf
field of 56 MHz and that for a-Si is frequency swept
at 20 K and in a magnetic field of 40 G. The reso-
nances correspond to transitions between the triplet
levels which split at 1.4 MHz/G, characteristic of the
Mu' state in crystalline Si. Even allowing for rf power
broadening, the width of the resonances suggests a dis-
tribution of splittings A £ by anisotropic components
of the hyperfine interaction. No resonances associated
with Mu* were detected.

Figure 116 shows the results of repolarization
measurements at 200 K in magnetic fields applied
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Fig. 113. Diamagnetic fraction PD VS. temperature for pcr-
Si, a-Si:H [Cox et a/., Hyp. Int. 64, 551 (1990)] and a-Si
(this work) determined from the amplitude of the preces-
sion signal in muon spin rotation experiments.

1OO 150

Field (Gauss)
Fig. 114. Muon spin resonance spectrum of a-Si:D (chosen
rather than a-Si:H to avoid nuclear depolarizing fields as-
sociated with hydrogen). The frequency of the rf field was
56 MHz and the temperature was 50 K. The breadth and
asymmetric tail suggests a distribution of zero-field energy
splittings AE in the muonium triplet levels as indicated in
the inset.

parallel to the initial polarization of the implanted
muons. In low fields, polarization is lost by the ad-
mixture of spin eigenstates but is recovered in fields
greater than the hyperfine field. Since, in crystalline Si,
Mu* can be repolarized in a few hundred G whereas
Mu' required several thousand G, we conclude that the
predominant contribution in the amorphous samples is
from Mu*. Further evidence for this assignment comes
from the magnitude and field dependence of the spin-
lattice relaxation rates.

We conclude from these studies that both interstitial
(Mu') and bond-centred (Mu*) muonium are present
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Fig. 115. Muon spin resonance spectrum of unhydrogenated
a-Si. The magnetic field was 40 G and the temperature was
20 K.
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Fig. 116. Muon repolarization or decoupling curves for a-
Si:H [Cox et al., op. cit.] and a-Si (this work). Full recovery
of the polarization would correspond to approximately 23%
on the scale shown.

in the amorphous materials. The Mu'-like state is de-
tectable by rf resonance but the loss of translational
symmetry inhibits diffusion and creates anisotrophy in
the hyperfine interaction. The Mu* state appears to
dominate the repolarization behaviour. A higher frac-
tion of diamagnetic muonium in the amorphous sam-
ples is ascribed to the (Mu*)+ state by ionization of
the bond-centre site or to muonium capture at dan-
gling bonds.

A preliminary report on this work is published in
Cox el al. [op. cit.] and a fuller account appears in
Davis ei al. [J. Non-Cryst. Solids, to be published].

Experiment 586
Muonium-substituted organic free radicals on sur-
faces
(E. Roduner, Zurich, P. W. Percival, SFU)

Molecules can undergo extensive transformations
when they are adsorbed on the surface of a certain
solid. Such a surface-mediated process is called hetero-
geneous catalysis. It is clear that the structure and mo-
bility of intermediates are essential for the process, but
these species are often short-lived and not amenable
to direct observation. It has been demonstrated that
muon spin resonance is an extremely sensitive tech-
nique which allows the detection of surface-adsorbed
organic free radicals at temperatures where they are
highly mobile.

The positive muon avoided level crossing resonance
(ALCR) technique uses polarized muons which are sub-
stituted for protons in organic free radicals, where they
serve as spin labels. The decay of polarization is mon-
itored as a function of a high longitudinal magnetic
field. Resonances are observed at fields where avoided
crossings of energy levels occur. One of them, here clas-
sified as AM = 1 transition, is most intense in the
anisotropic environment of a solid but averaged out via
fast isotropic tumbling in liquids. Another one obeys a
selection rule AM = 0 and is present in both phases
but broadened in the solid due to the anisotropic hy-
perfine interaction. The position of these lines is sen-
sitive to the structure of the radicals, whereas their
width contains information about the mobility of the
species.

We have observed the muonated ethyl radical on the
surface of fully hydroxylated amorphous SiC>2 (grade
Optipur, surface area ca. 600 m2/g) with a partial cov-
erage of ethylene. Figure 117 shows the two AM = 0
resonances corresponding to the 0 and the a protons
at four temperatures. The hyperfine coupling constants
for the surface adsorbed species deviate only slightly
from those observed in solution. This demonstrates
that the structure is not drastically influenced by the
surface in this case. The lines are significantly wider
than under isotropic conditions and broaden further
as temperature decreases. The absence of the AM = 1
line at T>250 K demonstrates the high mobility of
the radicals, its appearance as a weak feature at lower
temperatures (not shown in the figure) is in iine with
reduced translational diffusion. Theory is currently be-
ing developed to allow quantitative analysis.

Experiments were also performed in transverse
fields. The radical was observed down to a tempera-
ture of 95 K, which confirms that the species is still
formed and that the weakness of the ALCR lines is
due to relaxation of dynamic origin.
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Fig. 117. ALCR spectra of the ethyl radical adsorbed on
the surface of SiC>2 (Optipur).

A similar set of data was observed with a mono-
layer of isobutene on S1O2 (grade Cab-O-Sil, grain size
of 7 nm). The two AM = 0 transitions correspond-
ing to the muonated iert-butyl radical were observed
for 191 K<T<273 K. The absence of the AM = 1
resonance at all temperatures indicates near isotropic
reorientation of the radical on the experimental time
scale which is of the order of 10~7 seconds.

The muonated cyclohexadienyl radical was observed
on the surface of a platinum loaded (2.5% by weight)
SiC>2 catalyst with a benzene coverage of only 5%. Fig-
ure 118 shows the spectrum at 303 K. The three sharp
lines are the AM = 0 transitions corresponding to the
methylene, ortho and para protons. The weak feature
below 20000 G is the remains of the AM = 1 resonance
which demonstrates the residual anisotropy of radi-
cal reorientation by translational diffusion around the
spherical grain. Preliminary analysis of the line widths
yields an activation energy of 16 kJ-mol"1 for this pro-
cess. Quite unexpectedly, the positions and widths of
the lines are exactly the same as for the unloaded sub-
strate under comparable conditions, so that we have to
conclude that the radical does not see the metal parti-
cles despite its high mobility. Possibly, the Pt-particles
are blocked by the strongly chemisorbed benzene.

Experiment 588
Muonated thiyl and alkyl free radicals in solution
(M. V. Barnabas, Argonne)

This experiment used 4 of its 12 shifts in 1991 for
preparatory studies. Since the primary interest is in
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Fig. 118. ALCR spectrum of the cyclohexadienyl radical
observed with a 5% coverage of benzene adsorbed on the
surface of Pt/SiO2.

the reactivity and pH-dependence of thiocarbonyls and
vitamins A and E, the first few shifts were devoted
to carrying out TF-/1SR studies of 2-thiouracil, allyl-
2-thiourea, tetramethylthiourea and 2-thiobarbituric
acid to discover the A^ values of these compounds.
This was followed by initial /xLCR determinations and
surveys of pSR rate constants.

One of the main observations in this study so far was
the distinct difference in reactivity of the thiocarbonyl
group in acyclic and cyclic compounds. The Jfcjif val-
ues of thiourea and thiouracil indicate the reactivity of
thiocarbonyls is ~2 orders of magnitude higher than
that in thiourea. The same point is also supported by
the TF-pSR experiments. The A^ values observed were
435 MHz for 2-thiouracil, 315 (and 330) MHz for allyl-
2-thiourea (ATU), 335 MHz for tetramethylthiourea
(TMTU) and 335 for 2-thiobarbituric acid (TBA). The
frequency signals in the power spectrum of TMTU and
TBA were very weak but could not be improved be-
cause of the low solubility of these compounds. Perhaps
they should be repeated in a different solvent. The A,,
value for ATU is closer to that of a C=C adduct (com-
pare this with acrylamide and other vinyl coimounds).
More experiments are due in 1992.

Experiment 599
Muons and muonium in solid hydrogen
(J.H. Brewer, UBC; S.R. Kreitzman, TRIUMF)

Solid-state chemistry of /*+ in solid nitrogen

Earlier Soviet /*SR experiments on solid nitrogen re-
vealed a bizarre temperature dependence of the initial
fi+ asymmetry, in particular an abrupt decrease below
Tal) = 35.6 K, the temperature at which the interme-
diate temperature /3-N2 phase (in which the individ-
ual N2 molecules rotate more or less freely) changes
to the low-temperature a-N2 phase (in which individ-



ual N2 molecules are frozen in a regular orientational
array). In the summer we confirmed these reports for
14N2 and made a more detailed and accurate study
of the initial differentiation of the stopping /*+ ensem-
ble into muonium atoms (Mu), a long-lived diamag-
netic species (presumably the N2/i+ molecular ion) and
a fast-relaxing diamagnetic species "X" (identity un-
known) which we believe converts thermally into muo-
nium.

In 1992 we will attempt to detect the nuclear
quadrupolar level crossing resonance of the p+ in the
linear triatomic N2ft+ molecule, in order to pin down
the identities of the different diamagnetic species (Fig.
119).

We also studied solid 15N2 in the same target cell,
with surprising results: although the T-dependence of
the various fractions resembled that in 14N2, there were
significant quantitative differences, shown in Fig. 120.

Quantum diffusion of muonium in solid nitrogen

We were also able to study the temperature depen-
dence of /MU , the fraction of muons thermalizing ini-
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Fig. 119. Temperature dependence of initial diamagnetic
fractions (top) of the (i+ ensemble in solid I4N2 and their
relaxation rates (bottom) in a transverse applied field of
65 G. Circles: slow-relaxing diamagnetic fraction. Trian-
gles: fast-rel? :ng diamagnetic fraction. Squares: net dia-
magnetic fraction at t = 0.
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Fig. 120. Temperature dependence of net diamagnetic frac-
tion of the /i+ ensemble in solid "N2 (circles) and "Nz
(triangles) in a transverse applied field of 65 G.

tially as muonium (Mu) atoms. Muonium had not pre-
viously been observed directly in solid N2, probably
due to minute impurities or inhomogeneous magnetic
field in the Soviet experiments. In addition to the dra-
matic temperature dependence of/MU (top part of Fig.
121), we found a striking T-dependence of the Mu re-

1 (bottom part of Fig. 121), including
' with decreasing T below about

laxation rate T2
-1

a steep increase
15 K, a characteristic sign of quantum diffusion. This
will also be studied in more detail in 1992.
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Fig. 121. Temperature dependence of the muonium fraction
(top) and spin relaxation rate (bottom) in solid 14Nj in a
transverse applied field of 6.5 G.
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Experiments 600, 601
/iSR in high-Tc superconductors
(J.H. Brewer, T.M. Riseman, UBC)

Penetration depth vs. oxygen concentration

The purpose of this experiment was to measure
the Gaussian relaxation rate as a function of tem-
perature [<T(T, X)] in well characterized unoriented sin-
tered samples of YBa2Cu3Or with extremely uniform
and precisely known oxygen concentrations (x). Exten-
sive temperature scans were made in YBa2Cu3O6.556,
YBa2Cu3O6.si6 and YBa2Cu4Os, for comparison with
previous data on a high quality YBa2Cu3O6.97 sample.
/JSR finds two-fluid like behaviour in YBa2Cu3C>6.97,
which is consistent with a gap energy to Tc ratio of
about 5 (strong coupling). In the sample with x =
6.556, <T{T) is well described by the two-fluid model,
whereas <r(T) in x = 6.516 and in YBa2Cu40s fits
better to BCS behaviour (see Fig. 122).

Such homogenous samples have not been available
until now; previous results in low oxygen samples of
YBa2Cu3Or showed much weaker temperature depen-
dences. It is possible that the BCS-Iike behaviour in
x = 6.516 and in YBa2Cu4Or could be an artifact due
to sample inhomogeneities and a perhaps small distri-
bution of Te's. Our results are very interesting because
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Fig. 122. Temperature dependence of the /i+ spin relax-
ation rate (fit to a simple Gaussian relaxation) in samples
of YBaaCusOi with differing oxygen content x (upper) and
in YBa2Cu4Og and Bi2Sr2CaCu2OB (lower). The solid lines
are fits to a Gorter-Casimir two-fluid model and the dashed
lines are fits to a standard BCS model.

a great deal of experimental data of copper oxides have
been interpreted in terms of the classical BCS model -
which may not be appropriate.

Results from this beam period were presented at
the International Conference on Materials and Mecha-
nisms of Superconductivity High-Temperature Super-
conductors, Kanazawa, Japan, July 22-26.

Flux line lattice in low fields

In all fields, the anisotropy of the superconductor
should affect the FLL - making the triangles of three
adjacent vortices which are equilateral when B j | c
warp into isosceles triangles when B is at an arbitrary
angle. The tensor expression for the superconducting
carriers' effective mass, which makes the penetration
depth also tensor-like, predicts that there are compo-
nents of the local field which are perpendicular to the
average field when the angle of B is not along any of
the crystal principle axes. Consider a coordinate sys-
tem where the average internal field (H) is parallel to
the z axis and the x-y-z coordinates are rotated from a-
b-c about the y/b axis. The value of Hz, when H || z not
parallel to c, will vary within the x-y plane. This gives
rise to an additional attraction of vortices along the y
direction (where Hz reduces more quickly than along x
at increasing distances from the vortex core) and hence
an additional repulsion along x. In the literature, this is
referred to as the formation of "chains" to distinguish
it from the "regular" theory which ignored this effect.
This effect becomes stronger and stronger in decreas-
ing fields, especially important in the low field limit,
where the inter-vortex spacing is much larger than the
penetration depth. Moreover, in low fields, there is a
distinct difference in the theoretical jiSR lineshape be-
tween the "chains" model and the "regular" model. A
mixture of "chains" and a surprisingly equilateral tri-
angular lattice has been observed in Bi2212 crystals by
magnetic decoration.

In addition, in all theories, the lower the applied
field, the larger the components of the local field which
are perpendicular to the applied field, when the ap-
plied field is not along any of the crystal's principle
axes. This can be observed as a loss of asymmetry in
the transverse field (TF) counters and as an increase
of asymmetry in the longitudinal field (LF) counters.

This experiment used a mosaic of very high qual-
ity YBa2Cu306 95 crystals with a onset Te of 93.5 K,
measured in a magnetic field of primarily 100 G, with
some additional runs in 60 G and 140 G. We took ad-
vantage of the fact that the muon spin can be rotated
from antiparallel to the beam momentum direction to
vertical (the z — x plane.) With the longitudinal and
vertical magnetic coils on the Omni Prime /iSR spec-
trometer, we could also rotate an applied field of 100 G
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in the z — x plane and, moreover, keep this field always
perpendicular to the spin direction. This allows the
left-right counters (along the y direction) to act as TF
counters whereas the up-down and back-forward coun-
ters are hybrids of traditional TF and LF counters.
We used the left-right counters to take high quality
spectra; the Fourier transforms of which are shown in
Fig. 123 as a function of angle between the field and
the c axis.

The angular dependence of the superconducting sig-
nal's cusp frequency is consistent with an anisotropy
of the penetration depth of Xc/Xab = 5 and with
\ab « 1400 A. In on-going analysis, the different coun-
ters' asymmetries allow an estimate of the perpendic-
ular field magnitude, which can be used to make a
more accurate measure of the magnetic penetration
depth. Since the sample doesn't need to be moved, this
method reduces the chances of accidental changes in
asymmetry due to counters being bumped and changes
of asymmetry due to reduced effective target size when
the sample is rotated relative to a fixed field direction.
We can not use fields above about 100 G other than
along the beam direction because these fields will bend
the muon beam. Fortunately, 100 G is very interesting
from an experimental point of view!

I 1.5 2 2 . 5 3 3. S 4

Frequency I RHi1

Fig. 123. Angular dependence of wTF-jt+SR lineshape at
100 G in a mosaic of very high quality YBa2Cu3C>6.95 crys-
tals. The angle 8 between B and the c axis is indicated on
each spectrum.

The degree of flux line lattice disorder implied by
the amount of "smearing" needed to fit the Fourier
transforms' lineshapes will be interesting to compare
with magnetic decoration experiments done on simi-
lar samples in similar fields. Direct fits to the exper-
imental lineshapes using the theoretical lineshape(s)
and Gaussian "smearing" are much more difficult in
this low field regime, since the lineshape here is ex-
tremely field dependent. Collaborators Luke Daemen
and Larry Campbell of Los Alamos are providing the-
oretical guidance in the analysis and interpretation of
this data.

Flux line lattice in high fields

We studied the field and temperature dependence
of the /̂SR lineshape arising from the flux line lattice
in high fields. We used the Helios 7 T magnet with a
new set of high timing resolution counters and a mod-
ified cold finger cryostat. These counters are radically
new, having parabolic reflective surfaces, very small
scintillators and a very small and cramped space for
the sample (sample diameter 8 mm) and cold finger.
For fields above about 1 kG, the theoretical London
lineshape is field independent, however, the repulsive
forces between the vortices increase with increasing
field, so the degree of disorder in the flux line lat-
tice decreases. This is observed via the reduction in
the "smearing" of the theoretical lineshape. At fields
above 2 T and temperatures T>0.5 Tc, we observe
the lineshape move into the Ginzburg-Landau region,
where the Ginzburg-Landau parameter K (the ratio of
the penetration depth over coherence length) starts to
influence the lineshape. Essentially, in very high fields,
the spacing between vortices (L) becomes much smaller
than the magnetic penetration depth (A) and is no
longer orders of magnitude larger than the coherence
length (£). Since the magnetic field reaches a maxi-
mum value within a coherence length of the centre of
the vortex core, a maximum field cut-off is observed
in the ^+SR lineshape, as long as it is not lost in the
noise. Figure 124 shows some sample lineshapes at 50 K
at fields of 1.9 T, 4.0 T and 4.7 T in a mosaic of very
high quality YBa2Cu3C>6.95 crystals with an ons< t Tc

of 93.5 K, with the applied field parallel to the c axis.
Fitting to Ginzburg-Landau theory gives K ( «

Kb/tob) = 58.5(1) for data taken at 70 K and 4.0 T.
Up to now, similar lineshapes have only been observed
in traditional superconductors such as Niobium (using
H+SR) and Vanadium (using NMR). This measure-
ment is significant as it is currently the most direct
observation of both the magnetic penetration depth
and the coherence length in
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Fig. 124. High field /t+SR lineshapes in YBa2Cu3O6.95 crys-
tals at 50 K (B || c). Arrows at right indicate the high
field "cutoff" due to finite vortex core sizes (a measure of
K). Also indicated are the "cusp peak" on the left and the
sharp background peak just to its right.

Fluorine-doped neodymium cuprate

In 1990 we studied samples of
Nd1.8sCeo.i5Cu1_rri04 (T = {Zn Co, Ni}) provided
by SRL/ISTEC. Those results (reported in the 1990
Annual Report) are now in press. In 1991 our collab-
orators at SRL/ISTEC provided samples cf F-doped
Nd2CuO4_rFr, where the fluorine ion (F~), whose ion-
ization state is half that of O~2, effectively adds one
extra electron to the conduction band, mimicking the
effect of Ce+3 substitution for Nd+2 in the "classic"
electron-doped superconductor Ndi.gsCeo.isCuO-}. Re-
sults of resistivity and magnetization measurements at
SRL/ISTEC showed clear signs of superconductivity
in samples with 0.14 < x < 0.30; however, /iSR mea-
surements on M13 at TRIUMF showed no sign of re-
laxation due to flux expulsion, nor any significant fre-
quency shifts below the nominal Tc. Moreover, all sam-
ples with x < 0.14 exhibited emphatic magnetic order;
the "optimal superconductor" at x = 0.20 also showed
weak magnetic ordering at low temperature, as shown
in Fig. 125.

The samples have been returned to ISTEC for
rechecking and new samples will be investigated in
1992.

Zn-doped YBa2Cu30x

We have performed jiSR experiments on Zn substi-
tuted YBa2Cu3Or samples in the light of recent NMR

0 1 8 10

TIME (microsec)

Fig. 125. ZF-^+SR signals at 69 K in fluorine-doped
Nd2CuO1_IFi (x = 0.10 and x = 0.14). A sample with
x = 0.20 showed weak exponential relaxation only below
about 6 K, suggesting mild spin glass order.

results [Schramm et a!., Phys. Rev. Lett. 67, 22 (1991);
Alloul et a/., ibid., 3140].

Indeed, it has long been known that the substitution
of Zn at Cu sites strongly affects the superconductiv-
ity in the key CuC>2 planes. More recently, it has been
shown that 4% Zn substitution for Cu strongly modi-
fies the phase diagram of YBa2Cu3Or. The usual sharp
turnover from antiferromagnetic (AFM) to supercon-
ducting (SC) behaviour around x = 0.4 switches to a
wide area between x = 0.25 and x = 0.7 where samples
are neither AFM nor SC.

Our later experiments on a sample with 4% Zn sub-
stitution show that the AFM phase (x = 0.33) is more
disordered than in the pure compound. We could also
confirm with an unprecedented accuracy that x = 0.28
sets the limit of the AFM region as we measured a
Neel temperature around 12 K. A spin glass (SG) or
strongly disordered AFM state seems to persist up to
x — 0.43 for which we measured a freezing temperature
Tg «s 5 K. No trace of any magnetism was noticed for
higher concentrations (x = 0.58 and above). Finally,
the x = 0.92 superconducting sample (Tc = 42 K) dis-
plays a lower relaxation rate than the now celebrated
"Uemura plot". Whether this is related to the pair
breaking of Zn or not is still unclear at present. Other
Zn concentrations are now available and will allow an
extension of these measurements.

Experiment 605
Muon and muonium final states via rf resonance
techniques
(S.R Kreitzman, TRIUMF)

Experiment 605 is the practical culmination of the
drive to develop rf techniques at TRIUMF for use in
solid-state physics. It has been perfected to the degree
that highly reproducible and accurate results may be
obtained regarding the delineation of the final states
that occur during the charge state transitions that
a muon defect undergoes in semiconductor material.

93



This in turn leads to valuable information regarding
the detailed dynamics of how hydrogen reacts in these
materials and thus shedding new light on the passiva-
tion process that is central to modern semiconductor
technology.

The rf spectroscopic methods developed and utilized
at TRIUMF are closely related to those employed in
cw NMR, and have been applied to the study of iso-
lated muon and muonium centres in semiconductors,
and more recently, to muonium charge-state reactions
in Si and Ge. The apparatus uses a high power (1 kW)
broadband (10-250 MHz) rf amplifier driving a spe-
cially designed non-resonant coil matched to a 50 ft
transmission line. The coil design allows full use of the
muon beam intensity onto a sample of up to 2.5 x 3 cm
cross section. The broadband features allow maximum
flexibility in either the constant-frequency, swept-field
mode, or with swept rf frequency.

The geometry of such an experiment is shown in Fig.
126. It is worth emphasizing that these experiments
are carried out in a longitudinal field (LF) configura-
tion which implies that during a charge state reaction
the muon polarization is partially conserved. Thus if a
transition to a final state occurs and that state is on
resonance,!-^- has its energy levels spacing matching
the rf frequency, then its polarization will be precessed
out of the field direction by the applied rf and a re-
duction of the integrated LF polarization will result,

Fig. 126. Geometry for an integral fiSR experiment. After
the incoming muon stops the sample it precesses in the ef-
fective field until it decays into a positron. The positron
emerges preferentially along the spin direction of the muon
thereby allowing the polarization of the muon to be mea-
sured along the axes of the e+ counters. The field in which
the muon precesses comes from the varying off resonance
contribution of the control parameter Aw and the driving
field Bi, which arises from hyperfine interactions in the
LCR case, '.<r an external rf field for rf-/tSR.
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Fig. 127. RFfiSR. spectra in Si. The upper diagram shows
lines of the two paramagnetic centres, taken with swept fre-
quency, while the lower curve shows a typical diamagnetic
field scan. The very narrow 2-quantum line of the Mu centre
is due to a simultaneous electron-muon flip, and sits atop
the two (somewhat merged) single quantum transitions.

thereby leading to a positive identification of the final
state. Figure 127 shows the three rf signal for Si, used
to monitor the Mu, Mu* and diamagnetic (p+) states.

In order to contrast the information available from
standard fiSR techniques to those obtained in the rf ex-
periment we refer the reader to Figs. 128 [for a review
of muonium in semiconductors see: Patterson, Rev.
Mod. Phys. 60, 69 (1988)] and 129. Figure 128 shows
previous transverse field TD data in Si [Patterson, op.
cit.] where three charge state reactions have been iden-
tified as a function of temperature. Above 120 K the
Mu* relaxation rate increases rapidly and the signal
disappears at about 150 K. This fraction of the signed
strength is recovered in the fi+ signal by about 200
K. Since both signals are identified as coming from
the BC site [Kiefl ti al, Phys. Rev. Lett. 60, 224
(1988); Simmler ei al., Hyp. Int. 64, 535 (1990)], this
Mu* -* JI+ reaction is assigned to Mu(BC)-»Mu+(BC)
ionization. A fit to the Mu* relaxation increase us-
ing a thermally activated process gives an energy of
0.168 eV and a prefactor of 9.5 x l O ' V 1 . A second
charge-state reaction is seen in the disappearance of
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Fig. 128. Collected data on the temperature-dependent dy-
namics of muon states in high-purity Si. The indicated low
temperature muon state fractions in the «„+ panel are from
Patterson [op. cit., Table VIII].

the (isotropic) Mu signal near 270 K and the subse-
quent appearance of that fraction into the fi+ inten-
sity near 600 K. Attempts to obtain rate parameters
for this reaction yield sample-dependent results, sug-
gesting that the rate-limiting step may be dependent
on some sample property such as impurity content or
strain. This reaction most likely involves a site change
as well as ionization. The relaxation data for the Mu
state in the same sample used for the rf measurements
of Fig. 129 indicate a slow process with a prefactor of
6.5 x lO^"1 and a 0.114 eV barrier. Finally, the //+
state itself seems to become unstable at about 450 K
where its relaxation rate begins to increase.

RF methods detect all the muons in a given state,
while TD methods require that the spin polarization
and phase be retained during any reaction into that
state. Given these differences and the TD data, the rf
H+ intensity should show steps near 150 and 270 K.
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Fig. 129. The normalized rf diamagnetic amplitude of the
p, 1012cm~3 sample of Fig. 128. The diamagnetic fraction
rises to unity at about room temperature in three distinct
steps. The subsequent fall off at higher temperatures is due
to the fact the diamagnetic state becomes unstable and
recombination with band electrons begins to play an in-
creasingly dominant role.

function of temperature in Si. The origin of the lowest
temperature step for Si is not yet understood since no
large changes in the neutral muonium signals are corre-
lated with this feature. Above 80 K the data are more
or less as expected, and the appropriate reductions in
muonium signals are seen for the higher temperature
H+ features. Relative step sizes indicate that the Mu*
fraction is recovered by 150 K and the 150-300 K in-
crease represents the initial Mu fraction. However, this
latter increase appears to be more complicated than
anticipated from the TD data, and may require two
processes. Finally, the rf data above room tempera-
ture clearly show that the fi+ state is not stable, and
this rapid fall off gives a very tight restriction as to
the possible models that can be used to describe the
recombination process of e + fi —> Mu and/or Mu*.

In conclusion, we have indicated the usefulness of
fiLCR and rf-/iSR integral methods in the study
of muonium states and reactions in semiconductors.
These methods will continue to be developed and mod-
ified, yielding detailed information on the muonium
analog of the hydrogen-related defects in these mate-
rials, and have a particularly significant role with re-
spect to isolated hydrogen and the early stages of the
development of hydrogen-related complexes. We have
examined the charge-state reactions of isolated muo-
nium in Si and Ge using rf methods in conjunction with
earlier TD measurements, and expect to expand such
investigations to other muonium reactions. Progress to
date establishes integral rf-^SR methods as a means to
examine the final states of muonium reactions in semi-
conductors, yielding information on reaction dynamics
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which is complimentary to that from traditional time-
differential techniques.

Experiment 607
Isomeric muonated radicals
(D.C. Walker, URC)

Previous studies of the distribution of muonated
free radicals at the ortho-, meta- and para-positions
of substituted benzenes had shown them to approxi-
mately follow the statistical ratio 2:2:1. [Roduner, The
positive muon as a probe in free radical chemistry,
Springer Series, #48 (1988)]. However, such data were
obtained in these compounds as pure organic liquids,
where the precursors to muonated free radicals should
be the highly reactive primary species, 'hot' muonium
(Mu), or fi+. The lack of discrimination in the dis-
tribution of products consequently results from their
pre-equilibrium reactivity, and is not a measure of the
directional selectivity of thermalized muonium atoms
for comparison with H(th)-

To avoid this problem, we studied the isomeric distri-
bution of radicals formed with 'thermalized muonium'
as the only possible precursor. This was achieved by
working with the organic molecules as dilute solutes in
water, or in micelJes. The results show that muonium
atoms selectively attack at the ortho-position [Hyp.
Int. 65, 939 and 945 (1990)]. Figure 130 shows data
for the fiLCR spectrum of benzoic acid - where the
central peak (ortho) is much wider and of greater am-
plitude than the other two (yield a ampl. width2). In
more recent experiments we have found muonium to be
significantly electrophilic in character [J. Am. Chem.
Soc. 113, Nov.20 issue (1991)]. More data will appear
in Zhennan Wu's Ph.D. thesis in 1992.

10 mM Benzoic acid in water

-.008
18 1.85 19 195 2 2 05 2 1

Longitudinal Magnetic Field /T

Z 15

Fig. 130. The /iLCK spectrum of 10 mM benzoic acid in
water at pH ~2.

Experiment 609
Fluorescence measurements of the vibrational en-
ergy distribution of MuF
(S. Baer, TRIUMF)

The objective of Expt. 609 is to measure the spon-
taneous near-infrared emission (ca. 1.4 ev) from vibra-
tionally excited MuF* produced by the exothermic ab-
straction reaction of Mu with F2. Since the vibrational
distribution of HF* produced by the corresponding re-
action of H with F2 has been characterized, this exper-
iment will give insight into the effects of isotopic sub-
stitution on the energy partitioning of the reaction. For
example, quantum tunneling is known to play a much
more important role in the reaction of Mu than of H
with F2 and this may be expected to affect significantly
the resulting product vibrational distribution.

This experiment is the first attempt to measure the
optical characteristics of a Mu-substituted species and
therefore entails considerable experimental difficulties.
In particular, the observation of spontaneous fluores-
cence from the vibrationally excited MuF* is limited
by the short lifetime of the muon. Depending on the
radiative lifetime of MuF*, many of the muons will de-
cay before emitting a photon, thereby decreasing the
total available signal. In addition, since little or noth-
ing is known at the wavelengths of interest about the
pAoiocharacteristics of the muon thermalization pro-
cess and the interaction of Mu with chemically inert
bath gases, this "background" behaviour must be mon-
itored and understood before the F2 experiment can
be attempted. In the last year, significant progress to-
wards these goals of S/N noise maximization and char-
acterization of the photobehaviour of Mu in various
bath gases was achieved.

The characterization of the light-producing be-
haviour of Mu in the chemically inert noble gases
proved to be significantly more complicated and there-
fore also more interesting than previously expected.
Since the MuF* experiment must be performed in the
presence of a bath gas, this characterization of the
background behaviour was a necessary step before pro-
ceeding to the F2 experiment.

Muonium has been studied in several different bath
gases: N2, Ar, and Ne. Three different light-producing
regions with distinct temporal characteristics have
been observed. First, a large sharp peak, occurring im-
mediately after the muon enters the chamber, has been
identified in all three bath gases. An example is shown
in Fig. 131 for 1400 torr Ar. In the following discussion,
this will be referred to as the "prompt peak". Second,
a small, slowly decaying peak has been observed in all
gases, referred to as the "broad peak". An example
of this peak is shown in Fig. 132, 1400 torr Ar in an
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Fig. 132. Histogram of collected photon events in 1400 torr
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expanded scale. Finally, a large peak of variable height
and width, occuring after the prompt peak, has been
observed in Ne containing small amounts of Ar. This
peak, shown in Fig. 133 for a series of Ar concentra-
tions, will subsequently be referred to as the "shoulder
peak". The different photoprocesses giving rise to these
three peaks will be considered in turn below.

The large prompt peak observed in the presence of
all the bath gases occurs within less than 0.1 fts af-
ter the muon enters the reaction vessel, suggesting the
corresponding photons are produced during the ther-
malization process of the muon. Rough spectroscopic
studies indicate that photons of varying wavelengths
are produced which trail off in intensity in the infrared.
In the presence of small amounts of an electron scav-
enger such as SF6, the peak disappeared. The peak
was still present in the absence of muons (i.e. positron
beam only). Based on these observations, the peak is
assigned to the electron recombination process of ex-

cited bath gas ions, shown in the following:

M" + hu .

The decay of the broad peak (Fig. 132) observed in
all the gases was seen to be correlated with the muon
lifetime. The peak was still observed in the presence of
an opaque glass filter, indicating that it cannot be at-
tributed to a photoprocess. This peak is therefore likely
due to positrons emitted by the decaying muons. This
positron noise makes observation of the low-intensity
MuF light signal extremely difficult. For this reason, a
90° mirrored elbow connector is being designed to fit
between the reaction vessel and the phototube; pho-
tons will hit the mirror and bounce into the photo-
tube, while the high-energy positrons will pass directly
through the elbow, thus avoiding the phototube.

Perhaps the most intriguing aspect of the photon
producing behaviour of Mu in the bath gases is the ap-
pearance of a large shoulder peak in Ne upon addition
of small amounts of Ar. The size of this peak, as well
as its position in time relative to when the muon enters
the gas chamber, are both dependent on the amount of
Ar present, as shown in Figs. 133(a)-(d), where 0.01,
0.31, 1.25, and 5 torr of Ar are added to 1400 torr Ne.
When the smallest amounts of Ar are used, the peak
appears at late times and decays with the muon life-
time. At the higher concentrations, the peak becomes
narrower and moves towards the prompt peak, before
disappearing completely at 10 torr Ar. Fits of the data
show a linear dependence on Ar concentration. Since
the shoulder peak is not observed in Ar alone, the re-
action must involve Ne as well. Finally, the sharp time
resolution of the peak indicates a process with a short
radiative lifetime: rrai < TI1. This is more suggestive
of an electronic transition, such as that ascribed to the
prompt peak, than a vibrational transition.

Based on the above information, possible candidates
which could result in the observed behaviour are the
electronically excited species, NeMu* and ArMu*. Sev-
eral discrete transitions for the electronically excited
ArH have been observed, 22I1 — A2E+ at ca. 760 nm
and 22n — 32E+/l2n at ca. 1200 nm, both of which
fall within the accessible range of the photomultiplier
tube used in the Mu experiment. (NeH displays similar
transition wavelengths.) Formation of either species,
however, requires the input of large amounts of energy,
and a mechanism which would provide such an energy,
remains under debate. During the next beam period,
we plan to do a detailed spectroscopic analysis of this
shoulder peak in order to confirm its identity.
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Experiment 610
Muonium dynamics and reactivity in Si st high
temperature
(K.H. Chow, UBC; R.F. Kiefl, VBC/TRIUMF; T.I.
Estle, Rice)

In the Expt. 610 proposal (July, 1990) we requested
and obtained 24 shifts of "surface muon" beam time
on M15 and M20. 12 of these shifts were used in mid-
August in M15. We plan to use the remaining 12 shifts
in the upcoming beam period (summer, 1992).

The proposal for this experiment was divided into
two parts. In the first part, we planned to study muons
implanted in intrinsic Si as a function of field and tem-
perature in order to understand muonium dynamics.
In the second part, we proposed to study B-doped Si
with the primary objective of observing the formation
of a MuB complex.

We have essentially completed the first pavt of our
experiment. An oven was designed to fit into HELIOS,
our superconducting magnet. Using this set-up, both
transverse field (TF) and longitudinal field (LF) spec-

tra were obtained for very pure Si at various high tem-
peratures and fields. The TF data were not as fruitful
as we first hoped. A large non-relaxing oscillating com-
ponent due to muons not stopping in the sample was
superimposed on the fast relaxing signal from Si. This
made it difficult to measure I/T2 values accurately.
Obviously, this problem disappears in LF. Here, we
performed

1. An extensive study from 0.02 T to 6 T where
the magnetic field H was aligned parallel to the
<110> crystalline axis of very pure Si (TOPSIL)
at the temperatures 300, 450, 500, 600, 700, 800
and 850 K. Also, we measured with H parallel to
the <100> axis at 450 K and at 850 K.

2. Field scans at 450 K and 850 K of another very
pure Si sample (PO).

3. A quick temperature scan of a Si sample doped
with B at a few well-spaced fields.

As predicted by theory, the LF spectra can be de-
scribed by a single exponential. Examples of the results
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Fig. 134. Longitudinal field relaxation for TOPSIL with H
parallel to <110> axis. The line through the 700 K data is
a fit with a charge exchange model. The line through the
450 K data is only intended as a guide to the eye.

of such fits are shown in Fig. 134. Note that in both
P0 and TOPSIL, the relaxation rate is negligible up to
300 K and rises rapidly between 300 K and 450 K. In
contrast, in B doped Si, relaxation did not appear un-
til 850 K. The B-doped Si run indicates that it is elec-
trons and not holes that are responsible for relaxation.
The data on pure Si lead us to believe that the relax-
ation mechanism is due to the cyclic process of ion-
ization of muonium followed by the recombination of
the positively charged species with an electron to form
muonium again. A hyperfine parameter comparable to
that of normal muonium (Mu) is required to describe
the high temperature end of our pure Si data. Using a
hyperfine parameter comparable to that of anomalous
muonium (Mu*) does not model the data correctly.
This could indicate a breakdown of the adiabatic ap-
proximation as outlined in the Expt. 610 proposal. The
recombination and ionization rates obtained show an
Arrhenius-type behaviour from 500 K to 850 K.

In conclusion, we have completed the first part of
our experiment, which is to study the dynamics in pure
Si at high temperatures. We believe that we can con-
struct a consistent picture of muon/muonium dynam-
ics in pure Si at these temperatures.

For the upcoming beam period, we believe that B-

doped Si is still a potential candidate for our experi-
ment. We are planning to study Si doped with a range
of known concentrations of B. Such a study would en-
able us to investigate the role of charge carriers in more
detai\. Furthermore, if we are able to find the correct
combination of B doping and temperature, we should
be able to observe the formation of a MuB complex.

Experiment 611
pSR investigations of RT2 intermetallics (R=rare
earth, T=transition metal)
(A. Kratzer, Tech. Univ. Munich)

YMn2 and related compounds are regarded as mod-
els for Moriya's spin fluctuation theories which are
leading to a unified theory of magnetism explaining
both localized magnetism (Heisenberg) and itinerant
magnetism (Bloch, Stoner, Slater) [J. Magn. Mag. Mat.
14, 1 (1979)]. Those theories are based on the collective
excitations of the spin system (spin fluctuations).

YMn2 is an antiferromagnet below T w 100 K. Mo-
ment formation at the Mn atoms occurs at the Neel
point (2.7 fiB at T < TN, 1 (iB at T > TN). Note that
Y does not have a magnetic moment. YMn2 shows a
huge volume change of 5% at the ordering temperature
which is the largest increase in volume of purely mag-
netic origin of any known material. Thermal expansion
and magnetization measurements show that there >s a
first-order transition with a thermal hysteresis of AT ss
30 K.

Since YMn2 is a C15 Laves phase, Mn atoms have
tetrahedral topology which does not allow fulfillment oi
an antiferromagnetic coupling among all neighbours si-
multaneously. According to neutron diffraction experi-
ments this frustration results in a helical modulation of
the antiferromagnetic structure. Moments of two suc-
cessive layers are inclined by 3.5° [J. Magn. Mag. Mat.
70, 129 (1987)].

Doping the pure compound changes these features.
So far we investigated the four doped compounds

Yo.9Tbo.1Mn2, Yo.9gSco.o2Mn2 and

and Yo.9Tbo.1Mn2 were measured
at PSI [Physica B 161, 299 (1989)]. Tb reduces frus-
tration by offering an alternative magnetic coupling
via its moment. Sc shrinks the lattice and, finally,
suppresses moment formation and magnetic ordering.
Comparing the compounds will allow some insight in
the mutual dependence of moment formation, volume
change and thermal hysteresis. Since the experiments
on Yo.9gSco.o2Mn2 and Yo.ggSco.oiM^ are still incom-
plete I will restrict this report to the results on YMn2.

Figure 135 shows the initial asymmetry for vari-
ous temperatures. Transverse, longitudinal and "zero"
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Fig. 135. Initial asymmetry of YM112 on cooling and warm-
ing.

field data were fitted simultaneously. Cooling and
warming results plotted together show the well known
hysteresis. On cooling there is a decrease in amplitude
at T % 150 K. In Yo.9Tbo.1Mn2 and Yo.95Tbo.o5Mn2
we found this behaviour to be more pronounced. In ei-
ther case the loss in amplitude occurs well above the
Neel temperature.

Figure 136 shows the damping of the signal as de-
duced from a cooling sequence in a 100 G transverse
field. The larger error bars below T « 70 K are due to
the loss in asymmetry.

In contrast to the results obtained by other tech-
niques the ftSR damping rate indicates a second order
transition to the magnetic state.

With the same sequence of runs we could observe a
Muon Knight shift (Fig. 137). The striking feature of
this curve is that we observe a frequency shift at the
Neel point and that the frequency stays constant above
the Neel point.

The Knight shift results prove that there is no mo-
ment formation above Tjv • The loss of amplitude above
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Fig. 136. Muon relaxation rate in YMn2 (100 G TF, cool-
ing).
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Fig. 137. Muon Knight shift in YMn2 (100 G TF, cooling).

TN is correlated with the increase in damping rate.
Most likely, the crystal is about to undergo a second or-
der transition to an itinerant antiferromagnetic state.
For energetic reasons, this is not successful and only
parts of the crystal are in the ordered state. Thus, one
deals with short-range order. Lattice expansion at TN
results in a lower energy and allows formation of local-
ized moments which undergo a first order transition to
an antiferromagnetic state.

This explanation is in agreement with our results
on Yo.9Tbo.1Mn2 and Yo.95Tbo.osMn2. Because of the
reduced frustration the second order transition is more
successful and there is a larger loss in amplitude above
TN-

Indications of antiferromagnetic correlations above
TN could be obtained by neutron diffraction [3. Magn.
Mag. Mat. 70, 14 (1987)] and were also attributed
to the itinerant character of 3d electrons. But, as ex-
pected, ftSR is more sensitive to weak magnetic corre-
lations and could reveal more details.

Experiment 613
Reactions of muonic hydrogen
(CM. Marshall, TRIUMF)

The major goal of the current experimental program
is to isolate muon molecular formation from the other
parts of the muon catalyzed fusion (/*CF) cycle and to
measure its dependence on energy. The experiment and
its predecessor, Expt. 453, have already shown that it is
possible to prepare ft~d and likely fi~t atoms in a neu-
tral "beam" in vacuum in the Is atomic state with an
energy of order 1 eV. For fx~t, it means that the atoms
can be caused to collide with a deuterium layer. By ob-
servation of the fusion products (neutrons or ions), sub-
processes of the d-t fusion cycle which are described by
only two parameters, A^, and Af

dt, are measured. The
d-t fusion rate Aj / is large (1012 s"1), so that S.illt
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will determine the neutron rate observed. The reduced
muon molecular formation rate \-dnt — 4>cd^dnt, where
<j> — 1.24 is the density of solid hydrogen and c<j is the
deuterium concentration, is dominated by resonance
formation, and its energy dependence is measured over
only a limited range by temperature variation. With-
out resonant formation, observed fusion yields of more
than 100 per muon are inconceivable, making muon
molecular formation extremely important in ftCF stud-
ies. With fi~t in vacuum, A^ t can be measured as a
function of energy for i?t~l eV. The corresponding
temperature of 104 K is much higher than that which
has been achieved with conventional targets. In addi-
tion, the energy can be estimated for each event by
time of flight, which is again not possible in conven-
tional experiments.

Recent theoretical work by the group of Ponomarev
has emphasized the energy dependence which will be-
come apparent with our technique [Faifman and Pono-
marev, Phys. Lett. B 265, 201 (1991)]. The structures
are strong and well separated, with a remarkable de-
pendence upon the molecular form of the deuteron, i.e.,
HD, D2, or DT.

In order to form a "beam" of muonic tritium, neg-
ative muons are stopped in a layer of tritiated solid
hydrogen (ct ~ 0.1%) frozen to a cold gold foil. The
pr forms muonic protium and then transfers with high
efficiency (depending on the tritium concentration c()
to form fi~t, which obtains a kinetic energy of about
45 eV from the change in reduced mass. The yTi loses
energy through elastic collisions until it reaches about
8 eV, when the calculated cross section tr^t+p6' falls
below 10"20 cm2 [Bubak and Faifman, JINR preprint
E4-87-464, Dubna (1987); Cohen and Struensee, Phys.
Rev. A 43, 3460 (1991); Cohen, Phys. Rev. A 43, 4668
(1991)]. The mean distance between collisions becomes
very large, especially at 1-2 eV where <rpt+pel falls be-
low 10~21 cm2, and the hydrogen layer becomes al-
most transparent to fi~t. This is an example of the
Ramsauer-Townsend effect observed for prd in early
bubble chamber experiments. The muonic atom is then
emitted from the surface into the adjacent vacuum,
with an energy in the range which fortuitously over-
laps the predicted resonance distributions.

The time of emission is reasonably soon after the
measured time of arrival of the muon in the hydro-
gen (within ~100 ns for ct ~ 10~3). If an adjacent
solid surface of deuterium (HD or D2) is within several
cm of the emitting hydrogen, p~t will collide with it
and muon molecular formation can take place. The fu-
sion of the deuteron and triton will follow within about
10"12 s, and a neutron and an alpha will be ejected.
The time interval from muon arrival to fusion prod-
uct detection is then a good estimate of the transit

time across the known distance between the two hy-
drogen surfaces, and the energy can be deduced from
the time of flight. Because of the resonance character
of muon molecular formation, fusion products will be
observed only for resonance energies; muonic tritium
atoms with other energies will pass through the deu-
terium layer (which must not be thick compared with
the interaction length for elastic scattering of fx~t, of
order 0.1-1. ^m) and into a protium substrate. In pro-
tium, the interaction of n~t will not create background
events.

The recent experiments with a single layer cryogenic
target system have produced very interesting results.
In order to show that fusion can be unambiguously de-
tected in real beam environments, neutrons and pro-
tons were measured from dd fusion in a solid layer at
2.5 K. The dd fusion neutrons are only 2.5 MeV and
are much more difficult to separate from capture evap-
oration background than the 14 MeV neutrons from dt
fusion, yet the signal to background with our appara-
tus in the M20B muon beam at TRIUMF was about
40 (Fig. 138). Accidental rates at 2.5 MeV (0.3-1.2
MeV 7 energy) are 18 s -1and at 14 MeV (4-10 MeV y
energy) are about 2s" 1 , from a very preliminary analy-
sis. A conventional method was used to increase signal

10

dd fusion neutrons
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Fig. 138. Time spec tram of fusion neutrons with the condi-
tions of a delayed electron 0.5-3 ps after the neutron. The
capture background spectrum was determined from the sin-
gle neutron spectrum and scaled with a suppression factor
of 3x 10~4 corresponding to the probability to observe an
accidental electron after a capture neutron. The suppres-
sion factor was checked directly in the protium background
experiment and found to be consistent. The insert shows
the energy spectrum of the fusion and background events
within the first 160 ns (with the same scaling factor) and
confirms that the initial spike has the recoil energy spec-
trum of monoenergetic neutrons (upper curve), which is
distinctly different from the exponential form of the cap-
ture evaporation spectrum (lower curve).

101



to background by demanding subsequent muon decay
detection, improving it by a factor of about 140.

The results were also of intrinsic interest; the res-
onant dd fusion rate (F=3/2) is substantially higher
than predicted at 2.5 K, where it should be far below
the resonance. It is comparable with measurements at
25 K in gas, [Zmeskal et al., Phys. Rev. A 42, 1165
(1990)] the lowest temperature at which previous ex-
periments had been performed. This will have some
impact on the theory of resonance formation at ex-
tremely low temperatures, which perhaps must include
solid state effects, and is deserving of further study.

Protons from dd fusion were measured for the first
time with silicon detectors placed inside the vacuum
environment. While the operation of solid state detec-
tors in a cryogenic hydrogen environment offers chal-
lenges, the results are promising. It is planned to con-
tinue development of this option because alpha detec-
tion may be much more effective than neutron detec-
tion for the resonance experiment.

The germanium detector has been useful both to ex-
tend our understanding of muonic deuterium emission
and to test the purity of the solid targets, which com-
plements the dd fusion results. It is crucial that the
vacuum system is clean and that residual gases are
not allowed to condense on or within the solid hydro-
gen. Contaminating layers of sub-micron thickness will
attenuate the muonic atom emission and contribute
background. With muonic x-rays, muon transfer was
observed from deuterium to a neon contaminant with
concentration less than 1 ppm (muonic x-rays are prob-
ably the most sensitive way to measure small contami-
nations in deuterium). The germanium measurements
allow confidence in the target layer composition.

In February, 1992 we will perform experiments with
hydrogen and deuterium with two adjacent solid lay-
ers, to show that the purity of the layers can be in-
dependently controlled. This will serve as a commis-
sioning run for a new cryogenic target system. The use
of several silicon detectors is anticipated, to gain more
understanding of the problems associated with their
operation at cryogenic temperatures (perhaps as low
as 2.5 K) in a hydrogen environment.

Experiment 619
Studies on high Tc superconductor LaSrCuO with
(fi~O) probes
(K. Nishiyama, K. Nagamine, Tokyo; E. Torikai, Ya-
manashi)

As the continuing program of Expt. 495 (n~O stud-
ies on high Tc superconductor), a new program dedi-
cated to the LaSrCuO system using single crystal sam-
ples has been started.

The existence of two distinct fi~O signals in the fre-

quency shifts of the p. 0 spin rotation experiment cor-
responding to two different oxygen sites has already
been reported in 1990 [Annual Report, p.56; Hyp. Int.
65, 1015 (1990)]. There, the temperature dependence
with magnetic field parallel to the CuOj plane in LaS-
rCuO was also reported. In 1991, the studies were ex-
tended to crystal orientation and concentration depen-
dence to obtain the site assignment and the informa-
tion about the different electronic structure around
apical and planar oxygens in the high Te supercon-
ductor. The following are the results obtained during
1991.

To understand the paramagnetic state of antiferro-
magnetic La2Cu04 above T)v(=255 K), /i~OSR and
magnetic susceptibility measurements were performed
from ambient temperature to 573 K on the single crys-
tal. Above orthohombic-to-tetragonal structural tran-
sition temperature (—420 K) the fi~O spectra show
anisotropic behaviour similar to that of the /i~OSR
signal in LaSrCuO (x = 0.10) at room temperature
(see Fig. 139).

For doped samples, crystal axis dependences at room
temperature were extended to different concentrations
(x = 0.10) and various orientations. The result will \e
reported elsewhere.

The temperature dependence of paramagnetic
shifts with magnetic field parallel to the c-axis in
La2_rSrrCu04 single crystal ("KOSHU" sample with
x = 0.14 and 0.10) was measured. A preliminary anal-
ysis shows that with decreasing temperature the signal
with larger shift (0.8% at RT) changes slightly down
to 100 K then takes a rapid increase to 2.5% at 90
K. In contrast the signal with a smaller shift remains
unchanged down to 40 K just above Tc. The relaxation
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Fig. 139. Observed crystal orientation dependence of /i~O
shifts in single crystal Laj-xSr^CuO^ (x = 0.14) at room
temperature and that in single crystal LaCuO at 573 K.
The broken line shows the magnetic susceptibility measured
for the same sample.
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rate of the largest shift signal is about 5 /is"1 and that
of the smaller shift signal is 0.6 ^s" 1 at RT. Both in-
crease with decreasing temperature towards Tc. These
temperature dependences, namely the change in shifts
and relaxation rates between Tc and 100 K, are re-
ported already for the field parallel to the CuC>2 plane
as mentioned above. Such an anomaly might be related
to the recent results reported in neutron scattering ex-
periments, while it was not found in the 17O NMR
measurement [Ishida et al.,3. Phys. Soc. Jpn. 60, 3516
(1991)].

Experiment 639
Muonium enhancement effects in micelles
(J.M. Stadlbauer, Hood College)

Experiment 639 has been assigned an initial week of
beam starting 22 January, 1992. The second week of
authorized beam may be scheduled for May or June,
1992.

The focus of this first series of experiments will be
to attempt to resolve the fine points of the reaction
mechanism of 2-propanol with muonium in micellar so-
lution. The primary thrust will be to examine the tem-
perature dependence of the 2-propanol and the styrene
reactions in aqueous solution and in a selected micelle
solution. The Arrhenius equation, ib = .Aexp(-Ea/RT),
will be applied to the data. Both the activation energy
of the reaction, Ea, and the pre-exponential factor,
A, should help resolve the reaction mechanism ques-
tions concerning the preferential partitioning or trap-
ping of muonium in the micelle. Preferential partition-
ing should show some effect on the Ea and little effect
on the A term. Trapping, however, would be expected
to affect the pre-exponential term more than the acti-
vation energy.

Experiment 641
fiSR gas chemistry
(D. Fleming, R. Snooks, UBC)

Experiment 641 is the newest experiment in the
fiSR Gas Chemistry program of measuring muonium
(/i+e~ = Mu) gas-phase reaction rates. The purpose
of the experiment is to measure the rate of the reac-
tion Mu + CH4 —• MuH + CH3. Also of interest is the
reaction Mu + C2H6 —• MuH + C2H5. As in earlier ex-
periments in the series, we wish to obtain muonium re-
action rates for comparison with those of current the-
oretical calculations and with corresponding H atom
experimental data. The results will allow us to evalu-
ate kinetic isotope effects in these reactions and hence
also to determine the accuracy of theoretical results
for rates, and for potential energy surfaces for these
systems.

Ethane:
0.390

Propane: Zero Reoctont:

0.180
0.0 1.5 .3.0 4.5 6.0

Pr«B8ur«/atm

7.5

Fig. 140. Arrhenius plots for the reactions Mu + C3H8 (top
line) and Mu + C2He (bottom line) from preliminary data
on M13. Note that A differs from the reaction rate by an
additive constant.

Pending construction of a new target vessel for this
experiment, the Gas Chemistry group was allowed a
"test" run using the M13 beam line in July. Our prelim-
inary results indicate a "rate constant" Jfc = 1.1 x 10~15

cm s"1 for C2H6 and ib = 3.0 x 10~15 cm s"1 for C3H8,
both at 500 K. The rate for C2H6 is just high enough
that we expect to be able to measure the same quantity
for CH4, which we now estimate at ~10~16, with our
upcoming run on M15, scheduled for February, 1992.

Experiment 658
Application of ji+SR to the study of solid C60 com-
pounds
(R.F. Kiefl, TRIUMF)

When Kroto et al. reported the observation of C6n,
the hollow, soccerball-shaped "new" molecule with a
carbon atom at each vertex, and other fullerenes in
1985 in Nature, few would have predicted that this dis-
covery would evolve into the exciting, rapidly growing
new field in materials research as we know it today. One
reason was that Ceo was not available in bulk quan-
tities and that very few researchers had access to it.
The situation changed dramatically when Kratschmer
et al. described a relatively simple method to produce
macroscopic amounts of Ceo in 1990, also in Nature
[347, 354 (1990)]. Since then the field has exploded,
and numerous studies of the unique structural and elec-
tronic properties of crystalline C60 and its compounds
have been reported, using techniques such as nuclear
magnetic resonance, high-resolution x-ray diffraction
and quasielastic neutron scattering, to name but a few.

Early in summer, Ansaldo et al. performed the first
fiSK experiment on solid C60 at TRIUMF [Nature,
353, 121 (1991)]. They found two paramagnetic muo-
nium states, with isotropic hyperfine parameters of
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4256 MHz and 325 MHz, respectively. Later in sum-
mer, we performed a detailed study of the electronic
structure and molecular dynamics of the 325 MHz cen-
tre in a highly crystalline sample of pure Ceo-

We found that the 325 MHz centre is a MuC6o
muonated radical, which at room temperature under-
goes quasi-free rotation with a typical correlation time
of 10 ps. A clear discontinuity in the molecular dynam-
ics and the electronic structure is seen at T, = 260 K,
confirming that the phase transition at that tempera-
ture is first order. Below T, the molecular motion slows
down dramatically, as evidenced by the broadening
of the transverse-field lines corresponding to MuCeo-
Figure 141 shows the lower of the two MuCeo lines
at various temperatures. In a temperature range from
242 K to 265 K the signals from the two phases coexist
(see Fig. 141, 256 K), indicating that part of the high-
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Fig. 141. Transverse-field /J+SR frequency spectra showing
the lower of the two lines of MuCeo as a function of temper-
ature. Note the appearance of a new line below the phase
transition at 260 K at a slightly lower frequency indicating
a change in the electronic structure. As the temperature
is further decreased, the line broadens appreciably due to
slowing down of the MuCeo motion.

temperature phase is pinned by defects during cool-
ing. At the lowest temperatun (5 K), the lineshape is
distinctly Gaussian, with a width corresponding to an
anisotropic hyperfine parameter of about 8 MHz. Such
a small hyperfine anisotropy is typical for a muonated
radical.

Figure 142 shows (a) the isotropic hyperfine param-
eter A,, which reflects the electronic structure of the
radical, and (b) the reorientation rate 1/TC extracted
from the linewidth, as a function of temperature. Note
the clear discontinuity of A, and 1/TC at T, = 260 K.
Both above and below T,, the reorientation rates for
the MuCgo radical are remarkably close to those de-
termined in recent NMR experiments on Ceo, implying
the molecular dynamics of MuCeo are strongly coupled
to those of its Ceo neighbours.
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Fig. 142. (a) The isotropic hyperfine parameter and (b) the
reorientation rate of the MuCeo radical. Note the clear dis-
continuity at the phase transition temperature T, = 260 K.
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THEORETICAL PROGRAM

Introduction

The Theory group at TRIUMF provides a focus for
theoretical research and a group of active researchers
who are interested in the physics relevant to the present
experimental program and the proposed KAON Fac-
tory. Research activities in the Theory group cover a
wide range of topics in nuclear and particle physics.
Some of this research involves working directly with
experimentalists on particular experiments; some of it
deals with theoretical developments and phenomenol-
ogy which complements the TRIUMF experimental
program.

The Theory group has four permanent staff mem-
bers: H.W. Fearing (group leader), B.K. Jennings, J.N.
Ng and R.M. Woloshyn. In addition we have a number
of research associates and one long-term visitor. This
year our research associates have been P. Agrawal, C.
Bennhold, A. Hosaka (from September), D. Leinweber
(to August), U. Oelfke, A. Ramos, H. Trottier (from
September), and C. Zhang. Our long-term visitor has
been H. Genz (from October). Five graduate students,
J. Congleton, D. Peters, T. Rudy, W. Walls and M.
Welsh, are being supervised by Theory group mem-
bers. G. Pari and S. Fortin successfully defended their
Ph.D. theses in August and December respectively, and
P. Murphy his M.Sc. thesis in February.

In addition to their research activities the theo-
rists have taken an active part in laboratory commit-
tees including: the Long-Range Planning Committee
(B.K. Jennings), the Computer Facilities at TRIUMF
(CFAT) Committee (J.N. Ng), the DPF91 Organiz-
ing Committee (J.N. Ng and R.M. Woloshyn), and the
Summer Nuclear Institute (B.K. Jennings). The The-
ory group has also participated in the organization of
the TRIUMF seminar program. This, and the summer
theoretical visitors program, has brought a large num-
ber of visiting theorists to TRIUMF. Visitors this year
include:

R. Arndt
R. Barrett
S. Belyaev
M. Butler
L. Chang
C. Chinn
S. Dawson
J. Deitz
M. Dey
V. Efimov

L. Frankfurt
T. Frederico
J. Friar
A. Gal
C. Geng
K. Goeke
G. Gumbs
S. Gurvitz
C. Horowitz
A. Inopin

V. Kopeliovich
A. Krasulin
L. Li
H. Lipkin
M. MacFarlane
W. Melnitchouk
G. Miller
N. Mukhopadhyay
J. Niskanen
S. Nozawa
E. Oset

A. Rinat
P. Sauer
J. Speth
M. Strikman
Y. Takahashi
R. Thaler
A. Thomas
L. Tiator
I. Vagner
D. Wilkinson
R. Workman

As usual, the Theory group has been very active and
below we describe briefly some of the specific research
projects undertaken during the year.

Electroweak physics

Novel signatures of heavy quarks at the SppS and
tevatron colliders
(P. Agrawal; S.D. Ellis, Washington; W-S. Hou, PSI)

New heavy quarks in the mass range Afz/2 < MQ <
Mz, if they exist, are produced rather copiously at
existing hadronic colliders. If they predominantly de-
cay via unusual modes, thus giving rise to novel sig-
natures, then they may have so far evaded detection.
The fourth generation b' quark, with its diverse decay
modes, is studied as an illustration. We focus on the
signatures: ee -f 2j, vv'+ 2j and y + 3j, while more in-
triguing modes are also discussed. Exotic quarks, such
as vector-like quarks, possess signatures that form a
subset of these. In particular, the existence of the y+
jets mode is unique to 6', and in general, the b' quark
will be easier to identify or rule out. We conclude that
existing hadronic colliders should be able to discover
these new heavy quarks if they fall inside this mass
range, and if MQ < MH •

T-violation in A"+ -• *+/t+p~ decays
(P. Agrawal, J.N. Ng; G Belanger, C.Q. Geng, Mon-
treal)

We study the possibility of observing T-violation
in the process K+ —* ir+/z+ fi~. To this end we de-
fine appropriate T-violation indicators. We find that
the measurements of the two-spin correlations can pro-
vide a reliable test of the Cabibbo-Kobayashi-Maskawa
(CKM) mechanism of IT-violation. The final state inter-
actions mainly contribute to indicators involving only
one spin. We also estimate the size of the contribution
of a representative set of extensions of the standard
model to T-violation indicators. We find that their
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contribution can be important only in models with
loosely constrained new parameters.

Electroweak two-loop effects on B" -~B° and K'-Tc"
mixing amplitudes
(P. Agrawal, S. Fortin, J.N. Ng)

We perform a two-loop calculation to determine the
leading electroweak corrections to B°—£f° and K°—K
mixing amplitudes in the limit of large Higgs and t-
quark masses. The leading dependent in Higgs mass
is £n2mn and the leading mt dependence is m*. This
generalizes the screening theorem to two loops. The
largest correction is a few percent to the mixing am-
plitudes and is smaller than QCD corrections.

The quark mass matrix and new physics
(B. Margolis, B.V. Nguyen, McGill; R.R. Mendel,
Western Ontario; H.D. Trottier)

We present a model of quark mass generation where
the observed intergeneration mass hierarchy, the large
ratio m^/mf, and the observed pattern of flavour mix-
ing can all arise naturally. The basic assumption is that
only the charge 2/3 up-type quarks u; (i = 1,2,3)
couple to heavy fermions F by emission and reabsorp-
tion of bosons B. The generation index dependence of
the form factors at the UiFB vertex is responsible for
the up-sector mass hierarchy. The W* gauge bosons
are assumed to have a generation-index-independent
anomalous magnetic moment correction to the stan-
dard model V — A coupling to quarks. This correction
enables the charge —1/3 quarks to acquire masses by
coupling to the up-sector charge 2/3 quarks, which pro-
vides a natural explanation for nif >• m\.

In order to exhibit the remarkable properties of this
scheme, we use a concrete model for the form factors.
Some excellent 6-parameter fits to the 10 observables
in the quark sector (masses, mixing angles, and CP-
violating phase) are obtained. All dimensionless in-
put parameters are of order 1 and do not require fine
tuning. An interesting scenario for generation of the
W and Z boson masses within our scheme, with top-
driven SU(2)/,xll(l)y breaking, as well as possible ex-
tensions of the model to include mass generation for
leptons, are briefly discussed.

Hadron physics

A study of rare ^-decays
(D. Peters, J.N. Ng)

The decay rate of ?; —» •yyw" is calculated in the
VMD model, the pion-loop model and the a0 dom-
inance model. The pion-loop is found to be much
smaller than the other two mechanisms. We also found

that the energy distribution of the photon is a good test
to distinguish between these mechanisms. Better mea-
surements are required here. The calculation of unitar-
ity bound for n —+ irit is underway. Effects of physics
beyond the standard model are now being pursued.

The non-mesonic weak decay of the hypertriton
(C. Bennhold, A. Ramos, D. Aruliah, U. Oelfke)

The hypertriton, ^H, is the lightest hypernuclear
system since the \N force is too weak to support a
AN bound state. Since in principle the 3 H wave func-
tion can be obtained by solving the Faddeev equa-
tions with realistic NN and NY potentials, one can
study the weak process AN —» NN with minimal nu-
clear structure uncertainties. As a first step, we have
evaluated the non-mesonic weak decay rates of 3H in
the pion exchange model. The correlated 3-body wave
function is approximated by a bound A-deuteron sys-
tem obtained by averaging the YJV-interaction over the
deuteron wave function. The relevant matrix elements
are calculated in momentum space. The resulting de-
cay rate is 4.9% of the free A decay rate.

Electromagnetic production of the hypertriton
(C. Bennhold, U. Oelfke; L. Tialor, Mainz)

Producing the lightest hypernucleus, 3H, with the
(ir,K) or (K,ir) reactions requires either a 3H tar-
get or the detection of a neutral meson in the fi-
nal state. This can be avoided in kaon photoproduc-
tion, 3He(7, K+)\H, which has received high prior-
ity at CEBAF. Even though the elementary process,
7P —» A'+A, is still not well understood, this process
should allow the production of ^H in a very clean way
since the K+ final state interaction is negligible. We are
calculating differential cross sections for this process
using momentum space 3He and 3H wave functions
and compare different models for the basic process.

Eta photoproduction on the proton and 3He
(L. Tiator, Mainz; C. Bennhold)

In contrast to the pion, the tj meson cannot excite
delta resonances due to its isoscalar nature. This al-
lows the study of T = \ nucleon resonances like the
S\\ (1535) whose strong coupling to the T)N chan-
nel has not yet been understood. To describe low en-
ergy n photoproduction we are developing a model
that includes Born terms, vector meson and N* reso-
nance contributions. Three resonances, Sn (1535), Pn
(1440) and D13 (1525), are taken into account; the rel-
evant vertices are fixed from the data of the reactions
irN —• nN, Tr'p —<• r)n, itN —> ititN and 7N —»irJV. We
therefore predict, rather than fit, T) photoproduction
cross sections that can be compared to new data from
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Bates (MIT) and ELSA (Bonn). Polarization observ-
ables are found to be particularly sensitive to individ-
ual multipoles. We employ this model for the process
3He(7,rj)3He since nuclear structure is under control
and cross sections promise to be large for this nucleus.

Exclusive quasifree pion electroproduction on
nuclei
(X. Li, I.E. Wright, Ohio; C. Bennhold)

The electromagnetic excitation of the A is mainly
magnetic dipole (Ml) since it proceeds through a quark
spin flip. However, its quadrupole components, show-
ing up in the transverse E2 and longitudinal C2 ampli-
tudes, are of great interest since they are sensitive to
the tensor force in the quark-quark interaction.

We are studying the reactions (7, itN) and (e, e'irN)
in the nuclear medium in order to investigate the delta
resonance in the nucleus. A coincidence experiment for
A(e,eiirN)B has been proposed which under certain
kinematic conditions can be interpreted as a (e, e'A)
knockout from the nucleus.

Our goal is to provide benchmark calculations for
delta knock-out processes from nuclei using as few ap-
proximations as possible. The objective is to identify
medium modifications of delta properties such as the
E2 or C2 transition amplitudes by comparing experi-
ments with calculations that have treated the "tradi-
tional" nuclear physics aspects as well as possible.

Polarization observables in pion photoproduction
on3He
(C. Bennhold; S.S. Kamalov, JINR; L. Tiator, Mainz)

The single polarization observables E, P and T are
calculated for the reaction 3He(7, TT+)3H at various
kinematics. The process is described in a recently
developed non-local DWIA framework that employs
three-body Faddeev amplitudes and incorporates two-
step processes such as 3He(7, ir°)3He(nc ,v+)3H. The
polarization observables exhibit large sensitivities to
details of the model inputs which are hidden for the
differential cross section. Especially E is found to be
sensitive to the small Faddeev components as well as
the Ei+ transition of the delta resonance.

The asymmetry in 5r-3He scattering
(C. Bennhold, B.K. Jennings; L. Tiator, Mainz; S.S.
Kamalov, JINR)

We can demonstrate that the TT+—3He asymmetry
data obtained in a recent TRIUMF experiment at T^
= 100 MeV can be understood in terms of the elemen-
tary nN amplitudes. Through a comparison to the full
distorted wave impulse approximation (DWIA) calcu-

lations that employ realistic Faddeev wave functions
for the trinucleon we show that all nuclear structure
dependence cancels for Ay at lower energies. At higher
pion energies around the A resonance region the sign
flip of Ay offers the possibility of extracting informa-
tion about the smaller partial waves.

Electromagnetic and pion-nuclear reactions on 15N
(C. Bennhold; L. Tiator, Mainz; S.S. Kamalov, JINR;
R. Mach, Prague)

The effects of higher configurations in the 15N
wave function are studied in a variety of reac-
tions, such as 15N(e,e)15N, 15N(t,ir-)lsOg... and
15N(n+,n°y50g.s. The (0+2) hw wave function for
the A = 15 system includes important contributions
for the (2s,\d) as well as (2p,l/) orbitals. The Fermi
transitions are particularly sensitive to these higher ad-
mixtures. We find an improved description of the pion
single charge exchange data on ISN.

Muon capture by 3He
(J.G. Congleton, H.W. Fearing)

An impulse approximation (IA) calculation of muon
capture by 3He has been performed using highly so-
phisticated and reliable wave functions for the 3He
and 3H nuclear states. The matrix element for the
(i~3He —* t/^U capture reaction has the following
form,

M = -L(l -
v 2 v) [Gv + GPv • a3N + GAaL • <r3N]

where aL is the Pauli spin operator for the leptons,
<r3N is the Pauli spin operator for the trinucleon bound
states and u is a unit vector in the direction of the
emerging muon-neutrino. The IA result for Gv agrees
well with the elementary particle model value but
under-predicts GP and GA by 10%. The fact that the
"charge" effective form factor Gv is successfully repro-
duced but the "magnetic" effective form factors lack
strength is a clear signal that a calculation of meson
exchange current contributions is required. Only when
these exchange currents have been calculated with re-
liable nuclear wave functions can the spin observables
for this reaction be used to measure the nucleon pseu-
doscalar form factor gp.

A simple model of the hypertriton
(J.G. Congleton)

The simple model of the hypertriton previously de-
veloped was tested by calculating the R, the ratio of
two-body pionic decay rate to inclusive pionic decay
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rate and comparing to experiment.

nr -+ all)

This ratio is sensitive to the structure of the hy-
pertriton (unlike the total pionic decay rate) since it
is proportional to the square of the EO \H —* 3He
overlap matrix element. The theoretical result for R is
R = 0.33 ± 0.02 and is in agreement with the experi-
mental value of R = 0.35 ± 0.04. This gives one confi-
dence that the simple model is reasonable for low en-
ergy observables of ^H. A paper presenting the model
and test of the model will appear in volume 18, issue
2ofJ. Phys. G (1992).

i— p bremsstrahlung in a relativistic Bethe-Salpeter
approach
(H. W. Fearing)

There has been renewed interest recently in the pro-
cess ir+p —* ir+py as a result of new experiments at
SIN/PSI [Bosshard et ai, Phys. Rev. Lett. 64, 2619
(1990)] and at TRIUMF [Expt. 446, Stetz and Kitch-
ing, spokesmen]. The main aim of these experiments
has been to measure the magnetic moment of the A + +

and compare it with the predictions of simple quark
models. In principle this process is also sensitive to the
off-shell aspects of the ^-nucleon force, though such
information may be best obtained from T~P7 as it
depends on the A0 magnetic moment which is sup-
posed to be zero. There have been two new calculations
[Heller et ai, Phys. Rev. C 35, 718 (1987); Wittman,
Phys. Rev. C 37, 2075 (1988)], both of which assume
that the basic irN interaction is dominated by the A + +

and take a purely phenomenological background term
for the non-dominant partial waves.

To improve on these calculations and extend them
to ir~py we have begun a new calculation which is
completely relativistic and based on the Bethe-Salpeter
(BS) equation. The new ingredient is a completely mi-
croscopic model of the irN interaction. This allows one
a) to calculate the background term explicitly, thus
avoiding phenomenological fitting; b) to make the wN
and wNf processes completely consistent, as for each
diagram in irN one can attach photons everywhere to
get the corresponding diagram for irNy; and c) to ob-
tain results for n~py as well as ir+py.

The starting point is the BS generalization of the
two-potential formalism. Three ingredients are re-
quired, the vN T-matrix T, the two-body electromag-
netic interaction Vem, and the two-particle propagator
G. For T we use a microscopic model based on the nu-
cleon and A exchange diagrams (direct + exchange)
plus i-channel exchanges of p and <r [Pearce and Jen-
nings, Nucl. Phys. A 528, 655 (1991)]. Vem can then be

obtained by attaching photons everywhere possible in
T, and including the appropriate contact terms. Vem is
thus microscopic and consistent with the irN interac-
tion used for T. G is then just a relativistic two-particle
propagator.

To prove the feasibility of the method we have taken
initially a simplified set of diagrams which, however,
are representative of all of the structures involved in
the full calculation. At present numerical calculations
are underway for the simple model. It should be rela-
tively simple to generalize these calculations to the full
model since both T and Vem are obtained explicitly in
momentum space as 4 x 4 matrices and new pieces can
just be added to those now being used.

Few-body kaon reactions: Kp
relativistic quark model
(H. W. Fearing, P. Murphy)

A7 in a non-

We earlier calculated the rates for Kp —• A7 and
£7 in a relativistic pole model to explore the effects
of the A(1405) [Workman and Fearing, Phys. Rev. D
37, 3117 (1988)], and subsequently applied the model
to Kd —* Any [Workman and Fearing, Phys. Rev. C
41, 1688 (1990)]. The Kp rates were somewhat differ-
ent than those obtained by others in a non-relativistic
quark model (NRQM) which emphasized the A(1405)
exchange [Darewych ei a/., Phys. Rev. D 32, 1765
(1985)]. To complement this latter model we have used
the NRQM to evaluate diagrams analogous to the pole
diagrams without the A(1405). We find results quali-
tatively similar to the pole model results for analogous
diagrams. However, they seem to be very sensitive to
the various inputs to the calculation. This work has
now been completed, and will be written up.

Radiative muon capture in finite nuclei in a rela-
tivistic mean field theory
(H. W. Fearing, M.S. Welsh)

In relativistic mean field theories nucleons move in
strong average scalar and vector fields which renormal-
ize the nucleon mass, m —> m* < m. These theories
have been applied particularly to proton nucleus scat-
tering where, at least for some observables, they seem
to do a better job than the standard non-relativistic
approaches. It is thus important to test such theories
in a variety of circumstances.

As an initial test of these relativistic theories, radia-
tive muon capture was calculated [Fearing and Walker,
Phys. Rev. C 39 , 2349 (1989)] in infinite nuclear mat-
ter where the effective fields and m* are constants and
one simply must embed the free few particle process
in the nuclear medium. From this calculation came a
very intriguing hint that such effects might imply a
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reduction or quenching of the extracted value of Gp.
This was intriguing because experiments at PSI and
at TRIUMF for a variety of nuclei also suggested just
such a quenching. We were thus motivated to extend
this calculation further to finite nuclei and to look at
the rates as a function of A and Z.

To do this we used the local density approximation,
in which the infinite nuclear matter result is considered
to be a function of the Fermi momentum, and thus of
the proton density, and folded over the nuclear density.
A number of new effects come in, however. Both the
muon binding energy and the Coulomb energy of the
initial proton change the amount of energy available for
the final particles, and thus change the rates which are
known to be very sensitive to this energy. The effective
mass m* is a function of the density which in prin-
ciple must be calculated self-consistently. The muon
wave function varies across the nucleus, and we have
investigated the validity of the usual approximation of
factoring the muon wave function out and accounting
for its variation by using an effective Z.

We found a very interesting dependence on the nu-
clear shape. The rates are strongly surface peaked both
because of the geometric volume increase and because
the nuclear matter rate increases with decreasing den-
sity. Thus shapes with a low density tail derive much
of the rate from captures in the tail.

For the radiative rate we find a general decrease in
the rate with increasing A, which is consistent with the
new TRIUMF data, as well as older data. However, the
sensitivity of the rates to some of the effects mentioned
above make us a bit pessimistic that one will be able to
extract quantitative results regarding the quenching of
Gp from these experiments. This has now been written
up and submitted for publication [Fearing and Welsh,
TRI-PP-91-75, submitted to Phys. Rev. C].

Colour transparency and non-perturbative contri-
butions to high energy (p,pp) reactions
(B.K. Jennings, G.A. Miller)

A quantum mechanical approach to colour trans-
parency has been used to include the effects of the
Landshoff term and threshold enhancements in (p, 2p)
reactions. The non-perturbative Landshoff term and
threshold effects give up to 25% changes in the com-
puted cross section ratios in the energy region of the ex-
isting experiment. The agreement between theory and
experiment is improved. Such terms do not completely
explain the large drop in transparency seen at higher
energies in the experimental data. The two models con-
sidered have different transparencies for energies higher
than yet observed. Moreover, the variation with angle
is different. We have also found that relative phases are

important, so that it is necessary to do fully quantum
mechanical calculations.

Does the relativistic impulse approximation pro-
duce sufficient s-wave repulsion for pionic atoms?
(A. Gal, B.K. Jennings, E. Friedman)

We have confirmed by performing a large scale
pionic-atom fit, and in agreement with the conjec-
ture of Birbrair and Gridnev [Nucl. Phys. A 528, 647
(1991)] that the RIA is capable of resolving the missing
central isoscalar repulsion in low energy pion-nuclear
interactions. We stress, however, that this RIA to the
pion-nucieus optical potential is not constrained by
any dynamical principle such as the imposition of the
one-boson exchange underlying dynamics on the RIA
construction of the nucleon-nucleus optical potential
[Wallace, Ann. Rev. Nucl. Part. Sci. 37, 267 (1987)].
In fact the RIA is subject to severe problems with
off-shell ambiguities. We have shown how a different
off-shell relativistic extrapolation yields RIA correc-
tion terms which have a negligible effect on low energy
pion-nucleus interactions and, hence, does not resolve
the missing repulsion problem. In particular the am-
plitude T is traded off for a new one, T", made out of
a Lorentz scalar / and the tensor <rA/J. It is clear that
more theoretical work on low energy irN dynamics, in
particular for the non-resonant channels (other than
the P33), is called for.

The relativistic two-body equation and Jacobi co-
ordinates
(E.D. Cooper, O.V. Maxwell, B.K. Jennings)

Considerable work has been done on the relativistic
two-body. This is because the problem is of interest in
its own right and is also a prelude to the more diffi-
cult problems of three and more bodies. In the two-
body problem it is frequently necessary to go beyond
perturbation theory and include some of the contribu-
tion to all orders. Unitarity, for example, relates terms
of different order in perturbation theory. The Bethe-
Salpeter equation is often suggested as the approach
when unitarity corrections beyond lowest order per-
turbation theory are necessary. This is fine except that
in principle an infinite number of terms are needed in
the kernel. One can of course keep just the ladder ap-
proximation. This negates the formal advantages of the
Bethe-Salpeter equation since there are frequently can-
cellations between the higher order terms in the kernel
and terms obtained by summing the ladder diagrams.
This problem can be partly alleviated by using one of
the three dimensional reductions of the Bethe-Salpeter
equation. The exact problem can still be obtained by
using a sufficiently complicated kernel but the cancel-
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lations between the kernel and terms coming from its
interactions are at least partially eliminated. The other
problem is the choice of the three dimensional reduc-
tion which is by no means unique.

Given a two-body propagator it is possible to define
a wave function through the iteration of a Lippman-
Schwinger equation containing a two-body propagator.
Such a wave function is well defined, sometimes useful
as is, and can be systematically improved. To calculate
the wave function in any frame, it is necessary only to
calculate it in its centre of momentum frame, and then
boost it to the desired frame. The way in which the
wave function is boosted depends to some extent on the
propagator chosen but once the propagator is chosen
the wave function is unique. We have also studied how
to use such a propagator in actual calculations.

Pboton-deuteron processes at intermediate ener-
gies
(P. U. Saner, Hannover; U. Oelfke)

We have studied electromagnetic processes on the
deuteron at intermediate energies. The approach is
based on a hadronic force model which describes the
two-nucleon system and its coupled inelastic channels
with one pion. In the framework of non-covariant quan-
tum mechanics it uses nucleons, A-isobars and pion
degrees of freedom. Their interactions are mediated by
instantaneous potentials. The model provides a basis to
describe the reactions of the two-nucleon system with
at most one pion, i.e. NN -+ NN, nd «-+ NN, ird —»ird
and ird—* vNN.

Within this concept of hadron dynamics we investi-
gated the electromagnetic reactions of the two-nucleon
system. For the photon coupling to the hadronic sys-
tem e.m. one-body currents and two-body meson ex-
change currents have been taken into account. The pa-
rameterizations of the elementary one-baryon currents
were calibrated to the corresponding process of the free
nucleon. The model has been applied to the photon
deuteron reactions yd —• pn and yd —<• ir°d. Differen-
tial cross sections and various polarization observables
have been calculated for photon energies between 100
MeV and 450 MeV.

Effects of the N A-interaction on observables of the
irNN and yNN systems
(M. T. Pena, INIC Lisbon, P. U. Sauer, H. Garcilazo,
Hannover; U. Oelfke)

We studied the effects on the hadronic and electro-
magnetic properties of the two-nucleon system above
pion threshold arising from the interaction of A-isobars
with nucleons. The instantaneous nucleon-A-force is
based on one-meson exchange potentials and takes into

account ir-, <r-, p- and w-exchange. Two-body reactions
connecting scattering channels with at most one-pion
or photon have been investigated. Processes leading to
a three-body pion-two-nucleon final state were consid-
ered in the restricted kinematic domain in which the
pion forms the P33 resonance with one of the nucleons.

The NA potential was seen to increase the rela-
tive importance of the inelastic strengths for nucleon-
nucleon spin-singlet and triplet states, correcting for a
deficiency common in most existing models. Theoreti-
cal predictions have been compared with recent exper-
imental data for various reactions. In particular, the
differential cross section and the proton beam asym-
metry Ay for pp —> nA + + —>• n(pir+) were calculated.
The latter observable was found to be especially sensi-
tive to the nucleon-A-interaction.

Inclusive electron scattering on three-nucleon
bound states
(P.U. Saner, Hannover; U. Oelfke)

Motivated by a recent experiment, we investigated
inclusive electron scattering on 3He and 3H. The ex-
perimental data were obtained for electron energies be-
tween 470 Mev and 790 MeV where the energy transfer
extends from the quasi-free peak up to the excitation
of the A-resonance.

Our theoretical description is done in plane wave im-
pulse approximation. Only elastic and inelastic scat-
tering processes from a single nucleon are taken into
account. The remaining two-nucleon pair is left corre-
lated but undisturbed during scattering. Interactions
and antisymmetrization in the final state are otherwise
neglected. The e.m. structure functions of the single
nucleon are employed in terms of a phenomenological
parameterization.

For the differential cross section reasonable agree-
ment between the theoretical model and the experi-
mental data was achieved. However, our calculation
considerably underestimates the experimental cross
sections for intermediate energy transfers between the
quasi-free peak and the A-excitation which could be
due to neglected meson exchange currents.

Rescettering in proton-proton bremsstrahlung
(H. W. Fearing, U. Oelfke)

The recent analyzing power and cross section mea-
surement at TRIUMF, suggesting a high degree of sen-
sitivity to AfAf-off-shell effects, has created new inter-
est in proton-proton bremsstrahlung. In an extension
to an earlier calculation we have investigated the role
of jVN-rescattering in the pp —• ppy reaction.

Our approach is based on a non-relativistic poten-
tial model, which originates from the two-potential for-
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malism. The electromagnetic interaction is taken into
account only to first order.

First numerical results were obtained using the Paris
potential as the NN-force. The calculation was done
in momentum space including N./V-partial waves up to
J < 6. Relativistic spin corrections to the electromag-
netic one-body current and some Coulomb corrections
also have been added. For the kinematics of the recent
TRIUMF experiment at 7iab = 280 MeV we found
a slight enhancement of the cross section due to the
rescattering terms, which reduces the discrepancy be-
tween the data and theoretical calculations.

Non-mesonic weak decay of
(A. Ramos, C. Bennhold, B.K. Jennings; E. van Mei-
jgaard, KNM1)

The study of the weak decay of A-hypernuclei is of
great relevance to understand medium modifications
on the decay mechanism as well as the properties of the
A buried inside the nuclear medium. Special attention
has been paid to the non-mesonic channels \p —• pn
and An —• nn since these are, due to Pauli suppres-
sion, the dominant processes for all hypernuclei with
A > 5. The present theoretical calculations have fo-
cussed on the total and partial non-mesonic rates and
have been performed mainly in nuclear matter, keeping
only the S-waveof the relative iVA motion. New hyper-
nuclear data obtained at Brookhaven and KEK have
motivated us to perform a relativistic finite nucleus cal-
culation in which the details of the nuclear structure
input are treated as well as possible. The relativistic
approach has already shown great success in predict-
ing proton scattering spin observables. As a starting
point we have considered the one pion-exchange mech-
anism with the usual weak vertex Hamiltonian that
describes the decay of a free A and incorporates the
empirical A^~' rule. The relativistic wave functions for
the bound nucleon and lambda are obtained by solv-
ing the Dirac equation with scalar and time-like vector
potentials. The usual transformation into the relative
\N two-body frame is avoided which allows us to in-
clude contributions from higher nucleon orbitals in a
straightforward way. Since the process is very sensitive
to short-range correlations, we have included a real-
istic AJV-correlation function that has been computed
with the Nijmegen Y N- interact ion. Final state interac-
tions of the ejected nucleons with the residual nuclear
state have been incorporated via a relativistic optical
potential that reproduces elastic proton-nucleus scat-
tering. We find that the one-pion mechanism is not
enough to describe the non-mesonic partial and total
decay rates. Kaon exchange changes the rate by only
14%, while on the other hand the ratio r n / r p is en-
hanced by almost a factor of two. The need to include

other meson-exchanges such as p, u>, A'* etc. is evi-
dent. At present, we are investigating the effects of the
/̂ -exchange mechanism as well as the implications of
considering A ^ = 3 transitions.

Asymmetries in the weak decay of polarized hyper-
nuclei
(A. Ramos, C. Bennhold, B.K. Jennings; E. van Mei-
jgaard, KNMI)

Polarization observables and decay rates have been
evaluated for the non-mesonic weak decay of hypernu-
clei in a relativistic nuclear model. The single-particle
bound and scattering states were obtained by solving
the Dirac equation with large potentials. The total de-
cay rates are very sensitive to AÂ  short-range corre-
lations in the initial state. The experimental total and
partial decay rates of \He, J^B and \2C cannot be re-
produced with only pion- and kaon-exchange in the
process AJV —» NN. However, the proton asymmetries
in the decay of j^'B and ]^C are in rough agreement
with preliminary experimental data from KEK. These
polarization observables are found to be sensitive to
the final-state interaction of the ejected nucleons.

Energy weighted sums of the spectral functions in
nuclear matter
(J. Ventura, A. Polls, Barcelona; A. Ramos; W.H.
Dickhoff, Washington)

In an attempt to understand the relevance of
NN correlations in explaining the European-Muon-
Collaboration (EMC) effect, some groups have cal-
culated the nuclear structure function per nucleon,
F*(x)/A, using nuclear matter spectral functions.
The relevance of such calculations calls for a consis-
tency check on the many-body theory used to obtain
the spectral functions. We have evaluated the energy
weighted sum rule of the single particle spectral func-
tions in nuclear matter

i:uiSh(k,u)dui f u>Sp(k,w)du) =

for several interactions with strong short-range repul-
sion. The spectral functions are calculated from the
momentum and energy dependent self-energy by solv-
ing a Dyson equation in the framework of a self-
consistent Green's function method. It is found that
the obtained spectral functions (on the left hand side)
and momentum distribution (on the right hand side),
fulfil the sum rule very accurately. The hole part of the
spectral function, Sh(jfc,u>), contributes a small frac-
tion to the sum rule, less than 10% for k < kp and
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less than 1% for it > kf, while it is the high energy
tail of the particle spectral function, Sp(k,u>) that ex-
hausts most of it. This sum rule demonstrates the need
for the appearance of single-particle strength at very
high energies and poses a severe test to the accuracy
of microscopic calculations of the spectral functions.

Distribution of single particle strength due to
short-range and tensor correlations
(B.E. Vonderfecht, W.H. Dickhoff, Washington; A.
Polls, Barcelona; A. Ramos)

Observation of occupancies of shell-model orbitals
substantially smaller than unity, as well as of miss-
ing strength in the low energy nuclear response, in-
dicates the limitation of a mean field picture in nu-
clei. To understand the influence of NN correlations in
these phenomena, we have studied the distribution of
strength in the spectral functions in nuclear matter, us-
ing a formalism based on Green's function theory. The
role of short-range and tensor correlations has been
established using the Reid soft-core interaction. For a
momentum k = 0.79 fm~', smaller than if, the hole
spectral function presents a quasiparticle peak contain-
ing 69% of strength with an additional 14% distributed
as a background over all excited states of the residual
(A — l)-system, giving a total occupation probability
of 83%. The missing 17% is removed to the particle
spectral function, where 10% comes from short-range
correlations and extends up to several GeV, well be-
yond the limit of experimental accessibility. The re-
maining 7% is moved by the tensor force to the first
1000 MeV above the Fermi surface. These results, es-
pecially the appearance of strength up to very high
energies in the particle domain, provide a simple in-
terpretation of the depletion of single particle states
near the Fermi-surface, as well as of other quenching
phenomena observed in nuclear physics.

A'A' correlations and the dynamic structure func-
tion of nuclear matter
(A. Polls, Barcelona; A. Ramos; C.C. Gearkart, W.H.
Dickhoff, Washington)

It is well known that the independent particle model
(IPM) fails to describe separately the longitudinal and
transverse response functions obtained from inclusive
electron scattering experiments on various nuclei. The
measured longitudinal response function shows signifi-
cantly less strength at the quasiparticlc peak compared
to the theoretical prediction. Several mechanisms have
been invoked to explain such a failure: relativistic ef-
fects, modification of the nucleon properties in the
nuclear medium, and many-body correlations. Several
studies have made clear that the latter gives the most

important effect in explaining electron scattering data.
We have extended our previous studies with semi-

realistic central potentials to a realistic NN interac-
tion. The effect of short-range and tensor correlations
on the dynamic structure function of nuclear mat-
ter has been investigated at the level of the dressed
particle-hole bubble. This goes beyond the IPM re-
sponse (Lindhard function) by summing up an infinite
class of diagrams containing ladder self-energy inser-
tions in the particle and hole lines. The elegance of
this method, valid for moderate to high momentum
transfer (g > 2fcf), is that it establishes a connec-
tion between the shape and features of the dynamic
structure function with those of the spectral functions.
Moreover, the study can be easily extended to lower
momentum transfer, by solving the RPA type inte-
gral equation taking the dressed bubble as the driv-
ing particle-hole propagator. Using a parametrization
of the spectral functions for the Reid soft core interac-
tion, we find a substantial quenching and broadening of
the response at the quasielastic peak, while additional
strength is found extending up to very high energies.
These effects are a direct consequence of the depletion
and fragmentation of single particle states represented
by the spectral functions. Work is in progress to study
the nuclear matter response at low momentum trans-
fer, as well as to include A-isobar excitations.

Nucleon-nucleon interactions in the Skyrme model
(A. Hosaka)

The Skyrme model, a theory of weakly interacting
mesons, is believed to describe hadron dynamics at
low energies in a unified way. Baryons emerge as soli-
tons and appear as extended objects with appropriate
form factors. The model is quite successful in explain-
ing single nucleon properties. A natural extension is
then to study two- (or multi-) nucleon systems. Sys-
tematic studies have been done some time ago by using
the product ansatz [Jackson et ai, Nucl. Phys. A 432,
567 (1985); VinhMau et ai, Phys. Lett. B 150, 259
(1985)] in which two individual skyrmions are simply
superposed. Major findings are then the following:

1. The one pion exchange interaction is correctly
given for large separations.

2. There is a short range repulsion of order about 1
GeV. These two points are at least qualitatively
consistent with phenomenological potentials.

3. However, the medium range attraction in the spin
and isospin independent part of the central chan-
nel is missing.

The last result has led to several speculations on the
Skyrme model calculations. Obviously, the validity of
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the product ansatz should be questioned; the torus so-
lution which is supposed to be the minimum in energy
is not taken care of by the product ansatz.

Recently, Atiyah and Manton proposed a new ansatz
for the two skyrmion system and suggested that it
includes a variety of field configurations introduced
above [Atiyah and Manton, Phys. Lett. B 222, 438
(1989)]. It is based on the idea that a reasonably good
approximate form of the Skyrme field is generated by
an instanton solution in the SU(2) Yang-Mills theory.
We have investigated their method in more detail and
applied it to the nucleon-nucleon interaction [Hosaka et
o/., Nucl. Phys. A 530, 507 (1991)]. Our point of view
is to clarify how close we can be to the known phe-
nomena within the Skyrme model and within classical
calculations.

We have verified that the AM method indeed pro-
vides a better description for the two skyrmion system,
and gives lower energies in the skyrmion-skyrmion in-
teraction as a function of separation, particularly in
the channel which includes the torus. It has turned
out that the lowering in the interaction energies is, af-
ter projection, reflected in the reduction in the spin-
isospin independent part of the central nuclear force.
However, the effect is not quite sufficient to explain the
empirical nuclear force.

One may probably conclude that the classical calcu-
lations could not produce sufficient attraction. Now we
are planning to go beyond it. In fact, we need to clarify
contents in the static potential. As expected from the
boson exchange picture, a systematic inclusion of the
two-pion exchanges would be needed. Here, we have
made progress to take care of the higher order dia-
grams semi-classically based on the algebraic method.
This subject is now progressing.

Nuclear interactions in dense matter
(A. Hosaka)

Recently hadron properties at finite temperature
and density have been extensively studied. The inter-
est is related to expected phase transitions in QCD:
chiral symmetry restoration and deconfinement. Even
before the critical temperature or critical density, one
would expect a partial restoration of these symmetries.
In fact, theoretical calculations using effective meth-
ods of QCD imply that masses of mesons and nucle-
ons decrease in nuclei associated with chiral symme-
try restoration. If this is so, one would expect a signal
through the change in the nuclear force in medium.

Motivated by this scenario, we have investigated
the G-matrix interaction using decreasing masses for
mesons and nucleons [Hosaka and Toki, Nucl. Phys.
A 529, 429 (1991)]. The calculated G-matrix elements
are compared with empirical two-body matrix elements

in sd shell nuclei. We found that the change in masses
compatible with the empirical matrix elements must
be uniform, except for the one-pion exchange strength
which must be kept unchanged. This constraint of uni-
form scaling is a consequence of the fact that the cen-
tral force is extremely sensitive to sigma and omega
exchanges. We could not see clear evidence for the de-
crease in masses. However, the suppression in the ten-
sor forces and the enhancement in the spin-orbit forces
might be a partial signal of such phenomena.

What we have learned from this simple analysis is
that ideas on changes in hadron properties must be
tested carefully in nuclear physics. A subtle theoretical
question is still open: what really induces such effects,
are they genuine quark effects (as it appears in many
theoretical studies), or nucleonic effects? Moreover, is
there a clearcut argument between them without dou-
ble countings? They are certainly interesting problems
for the future.

Chiral bag model for the nucleon
(A. Hosaka)

In this subject we are interested in the structure of
the nucleon. It is an extended object surrounded by
meson clouds at outer regions: e.g. pion clouds as im-
plied by the one-pion exchange interaction. The shorter
range part is, however, not very clear, as in many phe-
nomenological terms they are summarized in terms of
form factors. In the Skyrme theory, the substructure
emerges as a consequence of non-linear meson-meson
interactions. As we go to higher energies, however, it is
convenient to use the quark and gluon degrees of free-
dom explicitly. The preferred picture of the nucleon
may, therefore, be a rather small size of the quark core
surrounded by mesons.

Up to now, the simplest version of such a picture
has been investigated extensively. The model includes
quarks inside the bag and pions outside. The nature of
its dynamics is very well understood. The key issue is
the Casimir effect in the quark vacuum caused by the
surface pion-quark interaction.

For a more realistic picture, vector mesons should
also be included as well as the pion as expected from
electromagnetic properties of hadrons. The chiral bag
with the vector mesons has been investigated by sev-
eral authors including ourselves [Hosaka et ai, Nucl.
Phys. A 506, 501 (1990)]. As promised, the model can
describe the nucleon much better than the previous one
without them. However, the role of the vector mesons
is not yet clarified sufficiently. A somewhat technical
point is related to the difficulty in introducing surface
vector meson-quark interactions. In the previous work
[Hosaka et a/., op. cit. ], these interactions were simply
neglected; only the pion-quark interaction is sufficient
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to keep chiral symmetry. Nevertheless, from a physical
point of view, it is hoped to keep the vector meson-
quark interaction to properly handle the dynamics of
vector mesons both inside and outside the bag. A care-
ful reconsideration of the problem has just recently
started and will definitely be an interesting problem.

QCD and field theory

Decuplet baryon structure from lattice QCD
(D. Leinweber, R.M. Woloshyn; T. Draper, Kentucky)

The electromagnetic properties of the SU(3)flavOur
baryon decuplet were calculated within a lattice sim-
ulation of quenched QCD. Magnetic moments, elec-
tric radii and magnetic radii are extracted from the
form factors. The lattice results give evidence of spin-
dependent forces and centre-of-mass effects in the
quark electromagnetic properties. The quark charge
distribution radii indicate these effects act in oppos-
ing directions. Some baryon dependence of quark mag-
netic moment contributions to baryon moments is seen.
However, this dependence in decuplet baryons is more
subtle than that for octet baryons. Of particular in-
terest are the lattice predictions for the magnetic mo-
ments of il~ and A + + for which new recent experimen-
tal measurements are available. The lattice prediction
of the A + + / p ratio appears larger than the experi-
mental ratio, while the lattice prediction for the fi~/p
magnetic moment ratio is in good agreement with the
experimental ratio.

Baryon octet to decuplet electromagnetic transi-
tions
(D. Leinweber, R.M. Woloshyn; T. Draper, Kentucky)

The electromagnetic transition moments of the
baryon octet to decuplet were calculated within a lat-
tice simulation of quenched QCD. The magnetic tran-
sition moment for the Nf —* A channel is found to be
in agreement with the model determination of Nozawa
ei al. The lattice results indicate GMI = 2.2(3) for
P7 —• A+ . A model independent limit on the E2/MI
multipole transition moment ratio is also determined.
The lattice results suggest REM = —GE?./GM\ =
+ 3 ± 8%. Multipole moments for the hyperon electro-
magnetic transitions are also investigated.

Background fields in lattice gauge theories
(H.D. Trottier, R.M. Woloshyn)

We study the properties of U(l) and SU(2) lattice
gauge theories in a constant external background field
H. In particular, we calculate the background field ef-
fective potential. Analytical calculations of the effec-
tive potential to one-loop order in continuum SU(-/V)

gauge theories suggest that a gauge-field condensate
is spontaneously generated in both three and four di-
mensions. Moreover, the condensate has been shown to
provide an order parameter for linear confinement.

We search for a possible minimum in the background
field effective potential in SU(2) lattice gauge theory,
which would correspond to the spontaneous genera-
tion of a gauge-field condensate. We work in three Eu-
clidean dimensions, which should provide for higher
statistics, and allow for a better extrapolation to the
continuum limit, than has been achieved in recent stud-
ies in four dimensions. An important check of our
methods is provided by our analysis of the U(l) theory,
where we expect that the effective potential € should
exhibit the classical behavior £ = 5/f2 in the contin-
uum limit.

Topological properties of Yang-Mills theories
(G. Arbanas, A.K. Herman, MIT; H.D. Trottier)

The analysis of classical Yang-Mills theories has
led to several important discoveries of relevance to
quantized gauge theories, such as instanton solutions
to the sourceless equations. Several classes of solu-
tions to Yang-Mills equations with external sources are
also known. Our interest lies in what may be learned
from classical Yang-Mills theory about the longstand-
ing problem of quark confinement in QCD.

We have previously discovered a class of solutions
for SU(2) Yang-Mills coupled to a spherically symmet-
ric or axially symmetric external charge density. The
gauge field configurations carry a topological quan-
tum number n, which describes the covering of a circle
about a symmetry axis in gauge space. These solutions
possess remarkable properties, including the complete
screening of the external charge by gauge fields with
n jt 0, and the fact that the total energy of the system
tends to zero as n —» 00.

As a first step in assessing the relevance of such
Yang-Mills solutions to the problem of quark confine-
ment, we couple the above classical gauge field con-
figurations to a first-quantized (dynamical) charged
source. We find that the main features of the n =
0 gauge field configuration are qualitatively similar
for both first-quantized and external (non-dynamical)
sources. In particular, we find in the strong coupling
limit that the energy of the system approaches a con-
stant (to be compared with the energy in Abelian elec-
trostatics, which increases without limit), and that the
colour-electric flux of the source becomes completely
screened. This gauge-field configuration also exhibits
a (finite) critical coupling for both first-quantized and
fixed external sources. We find that the numerical value
of the critical coupling is the same in the two cases.
We are currently extending our analysis to include the
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coupling of first-quantized sources to gauge-field con-
figurations with non-zero winding numbers.

Gluon-mediated rare decays of the top quark:
Anomalous threshold and its phenomenological
consequences
(N.G. Deshpande, Oregon; B. Margolis, McGill; H.D.
Trottier)

We analyzed the flavour-changing neutral-current
decays of the top quark by one-gluon emission (e.g.
t —* eg) and exchange (e.g. t —* eg* —+ cqq) in
the three-generation standard and two-Higgs doublet
models. We showed that these rare decays provide a
sensitive probe of the analytic properties of penguin-
dominated loop-induced neutral currents. In particu-
lar, the occurrence of an anomalous threshold in the
amplitude for the one-gluon exchange mode requires a
careful description of unstable (or off-mass-shell) ex-
ternal particles, in order to obtain sensible results for
physical quantities.

The branching fraction J2q B(t —> eg' —> cqq) in the
standard model turns out to be larger than B(t —> eg)
for top quark masses mt ~ 180 GeV, due in part to the
effects of the anomalous threshold. This is despite a
suppression of the exchange mode by a factor of order
a,(rrf)/\2it « 3 x 10~3, coming from coupling con-
stants and phase space. The largest branching frac-
tions occur in the two-Higgs doublet models, where
B{t — eg) ~ 10-5 and £ ? B(t — eg' ->• cqq) ~ 10~6

in some regions of parameter space.

Vacuum condensate and linear confinement in
(2+l)-dimensional gauge theories
(H.D. Trottier)

I calculated the one-loop effective potential for a
background field in (2+l)-dimensional SU(./V) gauge
theory at arbitrary temperature. The perturbative vac-
uum was found to be unstable against spontaneous
formation of a gauge-field condensate at zero temper-
ature, corresponding to a non-trivial minimum of the
effective potential. The condensate was found to "evap-
orate" at a first order phase transition - above a critical
temperature Tc, the minimum of the free energy lies at
zero background field. The condensate also vanishes for
a sufficiently large number of massless fermions.

These properties of the gauge-field effective poten-
tial were shown to provide a mean-field description of
interacting charges in (2+l)-dimensions that exhibits
linear confinement (to be compared with a logarithmic
interaction in the purely classical theory), and a first
order ("deconfining") phase transition. Similar qualita-
tive features have been found in the one-loop effective
potential for (3+l)-dimensional gauge theories.

I am currently analyzing the effective action for
colour-neutral systems containing dynamical valence
quarks in (2+1) dimensions. This work provides impor-
tant information on the properties of the more compli-
cated effective action for dynamical systems in (3+1)-
dimensional QCD. I find that the effective action auto-
matically leads to the formation of colour-electric flux
tubes connecting the quarks. The complete spectrum
of radial and angular excitations of these mesons can
be obtained which, for example, allows the slope of
Regge trajectories to be directly related to the string
tension.

Matrix elements of pseudoscalar Qq mesons
(R.R. Mendel, Western Ontario; H.D. Trottier)

We present a detailed analysis of effects on the decay
constants fp and mixing parameters B of the pseu-
doscalar Qq mesons, coming from two fundamental
dynamical properties of this system: relativistic dy-
namics, and an asymptotically-free Coulomb interac-
tion. Our results derive entirely from the short-distance
properties of a Dirac wave function for the light quark
in a pure leading-log Coulomb potential. We obtain
an analytical expression for the asymptotic behaviour
(r—* 0) of this wave function. We also make use of a
QCD effective action model for Qq mesons, in order to
demonstrate that our analysis does not depend on any
assumptions about the long-distance properties of this
system.

We show that the short-distance effects of the rela-
tivistic wave function with asymptotic freedom play an
important role in the evolution of fp and B with meson
mass Mp. In particular, we find that these dynamical
effects lead to substantial deviations from a well-known
scaling law for fP, based on the non-relativistic quark
model, in the phenomenologically important regime
MK ~ Mp ~ MB- These effects are shown to result
in lower bounds on the decay constants that are sub-
stantially larger than would be predicted by the non-
relativistic scaling law. We estimate fD it 225 MeV,
and fB £ 180 MeV (using a value of A j ^ = 220 MeV
for the QCD scale parameter).

Condensed matter theory

Anomalous hop rate of localized defects in high-Tc

superconductors
(C. Zhang; T. Toyoda, Y. Takakashi, Alberta)

The hop rate of a localized particle in newly pro-
posed marginal Fermi liquid is examined. It is found
that due to disappearance of the quasi-particle spectral
weight at the Fermi surface, the hop rate behaves quite
differently from that in all other materials. In partic-
ular, the hop rate increases with temperature at finite
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T, contrary to that in all other known materials. Fur-
thermore, localization can occur at extreme Sow T. The
experimental consequence of this prediction, as well as
its connection with muon s^in relaxation, is also dis-
cussed.

Crystallinity, exchange-correlation and isotope ef-
fects on the plasma excitations in high-Tc super-
conductors
(C. Zhang; D. Huang, G. Gumbs, MIT)

With the use of a tight-binding model, we have stud-
ied the effect due to crystallinity, i.e. the atomic struc-
ture, of the CU-O2 planes and Cu-0 chain planes of
the high-Tc superconductors on the intralayer and in-
terlayer Coulomb interactions as well as the density-
density response function. This effect is found to be
appreciable since each electron is well localized around
the copper site near half-filling and the size of the unit
cell is comparable to the lattice constant. Localization
leads to poor conductivity in the normal state and is
determined by the hopping between adjacent copper
sites caused by the overlap of electron wave functions
with electrons on the oxygen site. The dominant lo-
cal exchange-correlation contribution in this strongly
correlated system (U <C t) is included in the Hubbard
approximation. This is responsible for the Mott transi-
tion of high-Tc superconductors at half-filling. By tak-
ing account of the plasmon-optical phonon coupling in
our calculations, we have demonstrated the isotope ef-
fect for acoustical plasmon mediated pairing as well as
the effect on the effective intralayer Coulomb interac-
tion which is believed to be important for the formation
of Cooper pairs in the CU-O2 planes. The effects due
to the position of the chain planes and the number of
planes in each unit cell on the plasmon excitation en-
ergies as well as the effective intralayer Coulomb inter-
action are also studied. The relationship between these
effects and the critical temperature Tc is discussed.

Diffusion of objects in superconductors: crossover
from classical to quantum behaviour by suppression
of infrared coupling
(C. Zhang; P.C.E. Stamp, UBC)

It is shown how the onset of superconductivity in a
metal will allow objects moving in the metal to make
the entire transition from incoherent diffusion to quan-
tum coherent motion, in an experimentally control-
lable way, as the gap suppresses the infra-red divergent

coupling to electrons. An observable measure of the
crossover is the diffusion constant D(T) of the object,
which we calculate in detail. This will allow a stringent
experimental test of our understanding of this transi-
tion.

Muon spin relaxation of a Bloch delocalized particle
(C. Zhang; P.C.E. Stamp, UBC)

The spin depolarization of a Bloch delocalized muon
in solid is studied. It is shown that for a muon per-
forming quantum motion the spin relaxation exhibits
some very different features than the case of classical
stochastic motion. At low temperatures, the depolar-
ization rate increases initially with the applied mag-
netic field. This is in opposition to the classical theory.
We attribute this new phenomenon to the interference
effect between the muon Zeeman energy (magnetic)
and muon kinetic energy (non-magnetic).

Theory of the Raman scattering intensity and line
shape of a quantum dot superlattice
(C. Zhang; G. Gumbs, D. Huang, MIT)

The Raman scattering cross section of a quantum
dot superlattice is calculated. It is found that the inter-
dot Coulomb interaction plays an important role in
both the excitation energy and the scattering cross sec-
tions. It is shown that the oscillator strengths of the in-
duced electron-electron interaction coupled modes are
strongly magnetic field dependent. The effect due to
van Hove singularities in the joint density of states
of pair excitations on the scattering intensity and line
shape is also discussed.

Anomalous collisional damping and instability of a
drifting two-dimensional plasma
(C. Zhang; G. Gumbs, CUNY)

The high frequency conductivity (resistivity) of a
two-dimensional quantum plasma embedded in a ran-
dom distribution of impurities is calculated with the
use of a semi-classical kinetic description. The plasma
is drifting at speed VD relative to the impurities and
the system is under the influence of electromagnetic ra-
diation of wave number q and frequency w. It is shown
that the collisional damping rate exhibits some anoma-
lous oscillatory behaviour. For VD ~ Fermi velocity,
Vf, there exists a frequency-dependent critical velocity
vc(ui), above which the system behaves like a negative
resistive medium.
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EXPERIMENTAL FACILITIES

Polarized 3He target development
(0. Hdusser, SFU/TRIUMF; E. Brash, B. Larson,
SFU; D. Whittal, NAC, South Africa; C. Denniston,
K. Gardiner, M. Bahrami, P. Delheij, TRIUMF)

The polarized 3He gas target (up to p = 12 atm pres-
sure, up to 65 cm3 volume) which works on the princi-
ple of Rb optical pumping and spin exchange [Larson
et ai, Phys. Rev. A 44, 3108 (1991)] has been used
successfully for measurements of target related spin ob-
servables in Expt. 557 (elastic pion scattering), Expt.
595 ( T + absorption) and Expt. 616 (proton induced
nucleon knockout). During preparation for these ex-
periments the polarization and reliability of the target
has been substantially improved.

The output of 795 nm laser light from two
Ti:sapphire SP3900 lasers has been stabilized by seal-
ing the laser housing and purging with clean air. Re-
placement of an ancient, troublesome SP170 Ar+ pump
laser with a SP2030 Ar+ laser, has resulted in improved
power and frequency stability of the infrared light. We
now operate with ~ 8 W of laser power over periods of
several weeks.

In the past a major problem encountered with large
volume, high pressure cells has been a substantial loss
of polarization during NMR scans using the adiabatic
fast passage (AFP) method. This limited the maxi-
mum attainable polarization, especially for cells with
the largest volume and the highest 3He pressure. These
losses have been identified to arise from energy gener-
ated in the pickup coil which was partially absorbed by
the spin system. Above a critical value of the macro-
scopic magnetic moment this leads to dispersive shifts
in the resonant frequency (see the article by Timsit and
Daniels [Rev. Sci. Instr. 47, 953 (1976)]) and to losses
in the 3He polarization. We have found that a reduc-
tion in the number of windings in the NMR pickup coil
by a factor of three shifts the impedance of the circuit
sufficiently off resonance that polarization losses do not
occur for any of our presently used cells.

For the diagnosis of the NMR problems we found
it very helpful to rely on a second, independent
method of measuring the 3He polarization using the
3He(p,ir+)4He reaction. This reaction which was stud-
ied during Expt. 616 gives information on the 3He
polarization in the beam interaction region only. For
reactions of the spin type 1/2 + 1/2 - • 0 + 0 parity
conservation in the strong interaction implies [Ohlsen,
Rep. Prog. Phys. 35, 717 (1972)] the equalities A =
Ano - ^Aon and Ann = Tli where the first and sec-
ond subscripts refer to beam polarization pj and target
polarization p» = P(3He), respectively. The lower sign
applies if there is a parity change in the reaction. At a

proton energy of 416 MeV and a laboratory scattering
angle of 28° we have observed a clean ir+ peak from
the reaction (see Fig. 143) and measured the beam-
related analyzing power, A = 0.474 ± 0.018, using an
unpolarized target. Unknown target polarizations can
then be determined by a single measurement of the
beam-related yield asymmetry R = (u-d)/(u+d) via

Pt =
_ 2R - p,A + pdRA

p, - 2RA - pdR

where p, = p^-pf and Pd = Pi+Pt- Tha values of the
beam-related asymmetries, R, measured during pump-
up of the target are plotted in Fig. 144 at the values of
the target polarization pt measured simultaneously and
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Fig. 143. Momentum spectrum obtained with the MRS At
Ep = 416 MeV and 0ub = 28s. The peak is attributed to
the 3He(p, i+)4He reaction.
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Fig. 144. Beam-related asymmetry R for the
3He(p, ir+)4He reaction vs. the target polarization deter-
mined by AFP NMR.
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independently by AFP NMR. The results for pt from
the reaction method are found to be in good agreement
with AFP NMR. During recent experiments with a p
= 10.5 atm cell of 35 cm3 volume a 3He polarization
of typically 0.60 has been maintained over periods of
many weeks.

The reduction in the number of windings of the NMR
pickup coil has made it more difficult to obtain the ab-
solute normalization of the polarization by comparing
the 3He AFP NMR signals with proton AFP NMR sig-
nals from water-filled cells of similar dimensions. Since
at 293 K the proton polarization in water is 8.2 x 10~9,
the 3He signal is larger by a factor of (p P(3He) 3.71
x 104). Thus for measurements of the absolute tar-
get polarization the NMR system has to be linear over
six orders of magnitude. Furthermore, the temperature
dependence of the impedance of the pickup coil circuit
has to be accurately known between 293 K and 460 K.
We have substantially improved the NMR noise level
by reducing mechanical vibrations and by shielding of
extraneous rf. In Fig. 145 we show AFP NMR signals
from a water filled cell vs. the phase of the lockin ampli-
fier. These results which were obtained during "noisy"
working hours allow determination of a ~1 fi V signal
(compared to a ~0.3 V signal for 3He) with about 3%
accuracy.

The polarized 3He target is in the process of being
upgraded to allow optical pumping in the sideways and
longitudinal spin directions. An arrangement is being
built consisting of two orthogonally mounted pairs of
Helmholtz coils which will allow adiabatic rotation of
the nuclear spin. The horizontal coil pair can be ro-
tated to realize a holding field in either the sideways
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Fig. 145. AFP NMR signals from a 2.0 cm diameter H2O
cell vs. the phase angle of the lockin amplifier. Since the
time interval between resonance crossings (11.5 s) exceeds
the longitudinal relaxation time, signals for increasing and
decreasing sweeps of the Bo field are of opposite sign and
their magnitudes have been averaged.

or the longitudinal spin direction. It is expected that
polarization losses for adiabatic spin reversal are con-
siderably less than for AFP NMR. We hope that time
intervals between spin reversals, at present typically
several hours, can be shortened considerably to reduce
systematic errors in the determination of spin observ-
ables. Since polarization reversal has to be accompa-
nied by photon helicity reversal, we are implementing
90° rotations of the A/4 plate by remote control. The
adiabatic spin rotator set-up will first be first tested
during Expt. 630 in early 1992 and should be easily
adaptable to the requirements of several future exper-
iments.

The development of high pressure cells is continu-
ing. To avoid the necessity of tracking beam pions into
the target using in-beam wire chambers ~5 cm dia.
cells with ~0.4 mm wall thickness are being made and
tested in a new VESPEL oven assembly. These cells
might find general usage if wall relaxation times of 40
hours and longer can be achieved.

Polarized targets

The frozen spin polarized proton target was installed
in M11 and operated for Expt. 537 for five weeks during
May and June. In frozen spin mode the refrigerator
operated at 0.07 K and the polarization decay lifetime
was eighty hours in a holding field of 3.3 fcG. The daily
service time was either three or five hours, depending
on whether the polarization was simply topped up or
completely reversed.

Following this run the target was installed in
BL4A/2 and operated for Expt. 369 for two weeks dur-
ing September. Preceding the run, the location and
direction of the axis of the holding field were deter-
mined to within 1 mm and to within 0.5 degrees, so
as to be able to locate the holding field to this preci-
sion with respect to the center of the target, which is
accurately aligned with respect to the axis of rotation
of the experimental detector array. During the exper-
iment, the refrigerator operated in the range 0.060 to
0.065 K and the polarization decay lifetime varied from
20 to 40 hours in a 2.3 kG holding field. The daily ser-
vice time was five hours, since the experiment required
repolarization from zero each day.

Development of the polarized target for the CHAOS
continues slowly. The components of the cryostat have
been received from the machine shop and are being
assembled. The small superconducting coil intended to
provide the holding field when the target is being trans-
ported from the polarizing solenoid to the CHAOS
magnet has been built and satisfactorily tested in the
CHAOS magnet. Some design of the refrigerator insert
has begun.
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Cryogenic targets

There are four liquid hydrogen target systems at
TRIUMF. Two of these target systems are large, with
flask sizes up to a few liters, and have permanently
installed services so they can be operated in BL4B,
DL4A/2, BL1B, Mil, or M13. The third target sys-
tem is small, with flask size limited to 0.1 liters, but
it has a portable support system so it can be operated
anywhere on site. The fourth target system is dedi-
cated to operating a liquid hydrogen target in M9A
for Expt. 452. During the course of the year, hydrogen
targets were operated for ten experimental runs.

A design has been done and some fabrication begun
aimed at producing a non-boiling liquid hydrogen tar-
get with flat windows (so that 'he thickness of liquid
hydrogen will be known to J-1%). This target will be
based on one of the large target systems, with the addi-
tion of a 20 K shield around the target flask. The liquid
hydrogen will be subcooled and helium gas will be used
in the pressure domes to keep the target windows flat,
with the pressure difference between the hydrogen and
helium systems less than ±0.5 torr.

Detailed design is continuing for a liquid hydrogen
target for the Parity experiment.

CmlrwU

TISOL
(J.M. D'Aurxa, SFU)

The TISOL facility is a thick target, on-line isotope
separator and utilizes the medium intensity, 500 MeV
proton beam available on beam line 4 A to produce a
wide range of mass separated, radioisotopic ion beams.
It has been operating for about four years and during
the last twelve months has been converted from a test
facility to a true production facility servicing a variety
of approved experiments. A list of these experiments is
given in Table VII and they are discussed elsewhre in
this Annual Report. TISOL provided production oper-
ation for Expts. 589, 597 and 617 during 1991.

Figure 146 presents an elevation view of the TISOL
facility with the electron cyclotron resonance (ECR)
ion source in position. During the spring of 1991 the
ion beam line was extended a distance of about 15 m
and rotated approximately 110° to bring the ion col-
lection point from a position directly above the target
area, to a new location in a low radiation background
area in the proton hall extension. In addition a new
switching magnet was installed to allow the mass sep-
arated, ion beam to be directed to one of three beam
lines in which different experimental configurations can
be located. Figure 147 displays a schematic plan of this

TISOL
ELEVATION VIEW
MAR lB/ltSt

Fig. 146. A schematic representation of the elevation view of the upgraded TISOL facility, located on beam line 4A at
TRIUMF. The front end of TISOL shows the configuration for the electron cyclotron resonance (ECR) ion source, situated
after the target vacuum chamber.
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T/SOL CONTROLS & EXPERIMENTAL AREAS

PLAN VIEW

CONTROLS MEZZANINE EXPERIMENTAL AREA

Fig. 147 A plan view of the new experimental area for the extension of the TISOL ion beam line.

Table VII. Experimental program on TISOL.

Expt. 587 - Study of first forbidden beta transitions using
beta delayed neutron emission
Spokesman - J.M. D'Auria, SFU
Status - originally deferred - approved 12/91

Expt. 589 - The /3a decay of I6N - parity forbidden decay
and astrophysical application
Spokesman - L. Buchmann, TRIUMF
Status - approved with high priority

Expt. 597 - /} decay branching ratios in 26|27Ne
Spokesman - G. Roy, Univ. of Alberta
Status - approved with low priority

Expt. 617 - Mass and decay studies of nuclei near the
proton dripline
Spokesman D. Moltz, LBL
Status - approved with medium-high priority

new experimental area. Two of the beam lines are com-
pletely operational while the third is close to comple-
tion. The level of radiation background in this new
area is reduced a factor of at least 50 and experimental
studies are now feasible. A more complete description
of the present operational characteristics of the facil-
ity including elements for which ion beams have been
generated by the two different ion sources is presented
in the report for Expt. 421, elsewhere in this Annual
Report.

The assistance of Telephone Canada is gratefully ac-
knowledged. A high power (<3 kW) rf amplifier sys-
tem, essential for the operation of the ECR, ion source,
was donated to TISOL.

CHAOS
(G.R. Smith, TRIUMF)

The Canadian High Acceptance Orbit Spectro-
meter (CHAOS) is a magnetic spectrometer with an
angular acceptance of a full 360° in the horizontal
plane, intended for studies of pion induced reactions
at TRIUMF. With this device, data are acquired at
every scattering angle simultaneously. The coincidence
efficiency for reactions leading to two-body final states
is close to unity. The momentum resolution of CHAOS

In general, this unique facility (now under construc-
tion) can address a number of interesting 'second gen-
eration' experiments with pion beams. It is particularly
well suited for coincidence measurements, by virtue of
its complete angular acceptance. However, it is also
meant to address singles experiments involving low
cross sections. Each of these areas has proven difficult
to study until now due to the exorbitant amount of
beam time required for angle by angle measurements
with conventional spectrometers.

Initial CHAOS experiments will investigate system-
atics of the (n,2v) reaction on the proton. By measur-
ing both (TT* ,»*»*) as well as (T* , w^ir*) from near
threshold up to Tr — 300 MeV over a broad angular
range, it will be possible to isolate the contributions
from the various diagrams contributing to this pro-
cess. One goal of these measurements is to obtain pre-
cise values for the S-wave T=0 and T=2 TTK scattering
lengths a" and a". By measuring at slightly higher en-
ergies (up to 350 MeV) with a modest upgrade to the
Mil channel, these studies shall also provide a good
measurement of the AxA coupling constant.

Another of the physics goals in the CHAOS arena is
the study of the n^p analyzing power Ay between 20
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and 140 MeV and at all angles. This information, com-
pletely absent at the present time, is crucial for phase
shift analyses of irN scattering. The Ay results will be
used to distinguish between conflicting measurements
of the differential cross section at low energies, and will
provide independent constraints on the value of the nN
E term. The nN E term, in turn, can be related to
the strange quark content of the proton. This experi-
ment, as well as the (ir, 2T) program, tests predictions
of chiral perturbation theory, the (QCD) theory of the
strong interaction at low energies.

Measurements of analyzing powers arising from pion
interactions on heavier polarized targets are also fore-
seen. Apart from elastic scattering, measurements of
A(jr,3rp), A(ir,ir2p), and A(n, 2p) are planned. These
experiments are especially difficult and time consum-
ing with conventional techniques due to coincidence re-
quirements, target polarization reversals at each angle,
and the sheer number of angles and energies required
for a systematic picture. These problems can all be
addressed with CHAOS. Among the physics rewards
of these measurements we should list the determina-
tion of the A-nucleus spin-orbit interaction, informa-
tion on the elusive spin-flip amplitudes, and the study
of medium modifications without the usual complica-
tions from distortion.

The CHAOS spectrometer is built around a dipole
magnet with cylindrical poles 95 cm in diameter. The
magnetic field is vertical. Fields of up to 1.6 T are pos-
sible. The scattering target under study is situated in
the center of the magnet. An open bore down the cen-

Fig. 148. A diagram of the CHAOS spectrometer with the
upper magnet coil as well as a slice of the wire chambers
removed for clarity.

tral axis of the magnet is used for insertion of cryogenic
and polarized targets.

In the flat, central field region between the magnet
poles there are two cylindrical proportional chambers
at radii of 115 mm (WC1) and 215 mm (WC2) which
are equipped with PCOS readout. A third cylindrical
(drift) chamber (WC3) at 350 mm radius is equipped
with PCOS readout in addition to tdc readout elec-
tronics. The hits recorded by these three low mass
chambers are read out and used in the second level
(hardware) trigger to reject events based on the polar-
ity, momentum, and interaction vertex of each track.
In addition, these chambers provide fast analytic solu-
tions for the observables of interest (p, &), which can
then be employed as starting values for more precise
track fitting algorithms used in conjunction with the
information from the outer chamber WC4. This outer-
most drift chamber is located outside the central mag-
netic field region, at a radius of 65 cm. This cham-
ber is of the vector type, with eight active concen-
tric anode planes. The higher spatial resolution and
increased lever arm of the drift chambers makes it pos-
sible to achieve the design goal momentum resolution
of ~ 1/2% with CHAOS.

Surrounding the drift chambers are three concentric
rings of trigger counters. All facetsof this component of
CHAOS fall into the domain of the Trieste component
of the collaboration. All three rings contribute to par-
ticle identification in the first level trigger electronics.
The first two rings provide event multiplicity informa-
tion as well. The innermost ring is composed of 3 mm
thick plastic scintillation counters, followed by a sec-
ond ring of 12 mm thick scintillators. The third layer
is lead glass, used to discriminate pions from electrons
between 150 and 300 MeV.

A great deal of progress has been made during the
past year. The upgrade to the magnet proper has been
completed by doubling the amount of steel on the up-
per, lower, and side yokes. The tapered pole tips and
shims are complete and have been installed. The mag-
net has been completely mapped for several fields be-
tween 0.6 and 1.6 T, and predictions made by P. Reeve
have been verified.

The liquid hydrogen target required for the (ir, 2ir)
experiment is basically complete now. Work on the
CHAOS polarized target is also well under way. The
cryostat is almost finished, and work on the refriger-
ator for this target should be complete by May, 1992.
The target is polarized in a 2.5 T solenoid outside
the CHAOS magnet and then transported through the
open central bore of the CHAOS magnet. The polar-
ized target uses a superconducting solenoid situated in-
side the cryostat to keep the target polarized (in frozen
spin mode) during its transport into the magnet. This
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magnet was built at TRIUMF (Mathie, Healey) and
tested extensively. The forces acting on this magnet
during transport through the open CHAOS bore have
been measured and found to be within acceptable lim-
its. This holding coil is the first superconducting mag-
net constructed entirely at TRIUMF.

Detailed computer modelling (GEANT Monte
Carlo) of the spectrometer has been completed to fi-
nalize the composition and location of the four wire
chambers, as well as to study events characteristic of
the experiments proposed for CHAOS. In the process,
several algorithms have been developed for track sort-
ing, and reconstructing the momentum of particles in
CHAOS from the pattern of hits in the wire chambers.
Much of the Monte Carlo and reconstruction software
developed for this purpose will find application in the
acquisition and replay software for actual CHAOS ex-
periments. Presently, software efforts are focussed on
implementation of the YBOS scheme in the CHAOS
analysis package. The TRIUMF DAC is scheduled to
have YBOS in VDACS by spring, 1992.

A full scale prototype version of WC1 (which is sim-
ilar in design to WC2) has been completed and tested
in the pion beam at TRIUMF. This prototype differs
from the actual WC1 design in that it is constructed
as a free standing chamber supported by two 200 fi
G10 cylinders instead of 1 mm rohacell cylinders, and
in that it has a half gap of 3 mm instead of the planned
2 mm. A total of 720 anode wires (1 mm pitch) and
360 inclined cathode strips are installed. The chamber
pulses observed were excellent and proved also that
the design implemented for the on-board preamplifiers
is optimum. As a result of the success of the prototype,
the design of WC1 and WC2 was frozen and they are
now being constructed. Both chambers should be com-
plete by spring, 1992.

A great deal of effort has gone into prototyping WC3
because it must be a single plane drift chamber in a re-
gion of high magnetic fields of varying magnitude and
polarity and must accept tracks over a wide range of
incident angles. No chamber has ever been built which
can respond to these requirements, primarily due to
the difficulty of resolving the left/right ambiguity un-
der these conditions. A total of five prototypes of this
chamber were constructed and tested in the TRIUMF
pion beams with magnetic fields up to 1.6 T. Extensive
use was made of the CKRN code GARFIELD to assist
in optimizing the cell geometry. In the course of testing
these prototypes, an inverter/amplification circuit was
designed and implemented in 16 channel boards, and
tested successfully. A novel technique was developed
to resolve the left/right ambiguity involving a compar-
ison of the charge induced on diagonal cathode strips.
The final prototype performed beautifully all the way

up to 1.6T and a master's thesis was produced on this
development. The design of WC3 is, as a result, also
frozen and the chamber is scheduled for completion in
spring, 1992.

The design of WC4 is similar to that of the RMC
or BNL 787 vector drift chambers, but incorporates a
number of improvements. It is being constructed by
section, with the first of eight sections scheduled for
completion in January, 1992.

The scintillation and lead glass Cerenkov detectors
comprise 18 blocks each 18° wide. The first such block
was assembled and tested extensively in the TRIUMF
pion beam in the summer of 1991. The test was suc-
cessful, the design was frozen, and the remaining scin-
tillators and lead glass blocks are being built now, with
completion scheduled for the spring of 1992.

During this same beam test, the first level trigger
was set up, timed, and tested. It performed as expected
and the remainder of the electronics for it has arrived.
The second level trigger is a sophisticated chain of ECL
modules fed by the PCOS controllers of the propor-
tional chambers. Extensive software tools have been
developed by our group to program this trigger and
manipulate the various modules involved. The com-
plete trigger has been set up and successfully tested
with simulated pulses. Speeds of as high as 350 ns per
event were achieved for the simplest events, and 2 /is
for the most complicated.

We plan to commission the spectrometer in the fall of
1992. The CHAOS physics program should commence
early in 1993.

Detector facility
(M. Salomon, TRIUMF)

The scintillator facility has manufactured 150 de-
tectors, which is about the same as last year. About
15% of them are to be used outside TRIUMF. This
again is close to the number built last year. Some of
the larger items include another neutron array, several
large scintillators for CEBAF and for Saskatchewan.
Several prototype Cerenkov detectors have also been
built and tested for an experiment at KEK.

In the construction of gaseous detectors we finished
a new beam chamber for Expt. 787 and the TRD pro-
totype for the Hermes experiment. This last one was
successfully tested at CERN in October. We also fin-
ished and tested three small calibration drift chambers
with 40 (i resolution for general use, and used initially
for testing CHAOS chambers. A small fast chamber has
been built for an experiment at LEA R. Two prototypes
of small drift chambers for the MECL experiment at
TRIUMF have been built and tested in collaboration
with the Soviet Union. We are proceeding with the
construction of the new thin drift chamber for experi-
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ment 787, in which the etching of patterns on thin foils
has been achieved (this required a new etching facility
now located in the basement of the MESA building,
available also for other detectors as well). We finished
stringing the first large wire chamber for SASP.

Two new gas recirculation systems have been built
and will mean savings in gas costs. A very sophisticated
recirculator for the Xe gas in the TRD was built and
tested in collaboration with the Univ. of Alberta.

We have finally retired the old PDP 34 used for
data-taking in our MESA facility, and replaced it with
two PC's with a Kinetics interface. This required new
software (SUSIQ) which is now operational. Both are
linked to the VAXes (via ethernet) for possible data
transfer.

In the research and development section we have
published our results of ageing studies and the etching
effects of CF4 gas [Openshaw et ai, Nucl. Instrum.
Methods A 307, 298 (1991)]. These studies are con-
tinuing, in particular with straw tubes, and eventually
with microstrip chambers. This work is related to our
involvement with the SDC (the large detector for the
SSC) of which TRIUMF is now an official collaborator.
The microstrip detector work is done in collaboration
with Carleton and Montreal, as part of the Canadian
SDC collaboration, which intends to build the inter-
mediate tracking detector for the SDC. Also related to
this work, we are continuing our research in the read-
out of scintillating fibres with avalanche photodiodes
and multianode photomultipliers [Salomon and Kitch-
ing, IEEE Trans. Nucl. Sci. 38, 140 (1991); Salomon,
IEEE Trans. Nucl. Sci. 39, to be published].

Dual a rm spectrometer system/second arm
spectrometer (DASS/SASP)
(P.L. Walden, TRIUMF)

Most of the major components of the SASP spec-
trometer were finished during 1991. The major hur-
dle of evaluating the dipole field was successfully com-
pleted by the year's end. The path is now cleared for
final installation at 4BT2. It expected that the SASP
spectrometer will become operational during the 1992
calendar year.

Introduction

The second arm spectrometer (SASP) is a 110 ton
660 MeV/c magnetic spectrometer which will be piv-
oted at the T2 location on beam line 4B, and will be
able to operate simultaneously in a coincidence mode
with the existing MRS spectrometer. The nuclear re-
actions which will be studied with such a system are
(p,2p), (p,irx), (p,p'n), etc. in the energy region from
200 to 500 MeV. The energy resolution of such a dual

arm spectrometer system (DASS) would be on the or-
der of 160 keV. In addition the SASP spectrometer
will also be used by itself to expand the current exper-
imental programs studying the (p, n), (p, n), and (n,p)
reactions. The large size of the solid angle and momen-
tum acceptance of the instrument will greatly improve
the data rates for these reactions. The design specifica-
tions and illustrations of DASS/SASP have been given
previously in many places such as the 1990 Annual
Report. Figure 149 shows how the SASP spectrometer
will look when completed.

Status

Dipole: mapping & optics. The entrance and exit field
clamps were completed during the first quarter of this
year and installed during the second quarter. Field
mapping with clamps got underway during the second
quarter.

The initial mapping approach was centred around
fine tuning the entrance and exit fringe fields by vary-
ing the length of the adjustable tongue on the clamps.
However it was soon discovered that the deviations of
the internal field from the theoretical field were of the
same order of significance as were deviations in the
fringe field shape. Thus fine tuning the field by isolat-
ing the problem to the entrance and exit fringe fields
was not possible.

The next approach called for complete field maps
which could be fed into a ray tracing program such
as RAYTRACE which would then evaluate the whole
dipole in terms of its momentum resolution at the focal
plane. To this end complete maps of 180, 625, and 875
A excitation were obtained during the third quarter.
Each complete map was stitched together from 6 par-
tial maps. Difficulties were encountered in meshing the
partial maps together because of normalization offsets,
probe noise, and alignment errors. RAYTRACE had
also to be modified to accept field maps and tested.
These latter items required 3 months of effort. The
first run gave resolutions of 0.02% DP/P which met
the design specification. The field has thus been de-
clared complete and final assembly of the dipole can
now take place.
Roseshims. A study was undertaken during the sum-
mer to determine if a Roseshim placed along the outer
radius of the dipole would increase its useful field area.
Measurements with a short shim showed that 6 cm of
useful field could be gained in this manner. A magnet
simulation program, PE2D, was used to confirm these
measurements, and then used to specify the position of
the installed Roseshim around the dipole's outer edge.
The Roseshim installation will be part of the final as-
sembly of the dipole.
Vacuum box. The dipole vacuum box contract was
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Fig. 149. The second arm spectrometer, final assembly.

awarded to Sunrise Engineering of Delta, B.C. during
May. The vacuum box is actually an annulus which fits
over the poles with entrance and exit horns attached.
The material is aluminum. The annulus was rolled into
a rough shape then cut to the shape of the pole on
a CN machine. The dimensional accuracy was jO.Ol
in. Vacuum leak tests conducted on the annulus were
successful. The vacuum box was ready for delivery at
year's end.
Quadrupoles: Q2. Q2 was powered up and mapped us-
ing a rotating coil. This map indicated the presence of
a large unwanted n=6 harmonic which increases with
excitation current. The unwanted harmonic is an end
effect and at maximum excitation is equal to the de-
signed n=6 component induced by the specially shaped
poles. The unwanted component is caused by steel sat-
uration at the corners of the poles. Shaped pole end
pieces were added to remove the harmonic, but no
change was noted. A solution has not yet been found,
but not all ideas have been exhausted.

Other than the n=6 problem, Q2 performed as
expected. The 660 MeV/c n=2 field specification is
reached at a current of 882 A. To match the dipoie's
maximum setting Q2 will be run at 1116 A. There is
no significant saturation. Cooling is adequate.

Ql (the split yoke quadrupole). Ql was finally pre-
pared with the services attached and the yoke halves
mounted rigidly with respect to each other by means
of an external non-magnetic clamp.

Rotating coil measurements taken on this quad
showed that the harmonic content is within specifica-
tions. However, the quad saturates badly (saturation
starts to set in around 659 A) and it will not achieve
the designed internal field (1221 A would be required).
Fortunately the larger than expected effective length
rescues the situation so that the 660 MeV/c setting
can be achieved at a current of 781 A. However, the
quad cannot match the maximum dipole setting be-
cause of the saturation and at present Ql will limit
the maximum proton energy SASP can analyze (310
MeV).

The vacuum boxes for the quads have been designed
and are presently being constructed in the machine
shop.
Stand. The major part of the stand components, the
pivot arm, feet, and air pads have been on site for over a
year. This year the upper part of the stand, the shadow
shield, the personnel platform, and the spiral staircase
have been or have almost been completed. Only the
detector tower remains to be released for construction.
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The Rawson-Lush magnetic field probe insertion
mechanism has been assembled. The mechanism is
mounted on the shadow shield (see Fig. 149) and
inserts the probe between the poles along the Y=0
pseudo-symmetry axis of the dipole. The probe is re-
tracted when not needed. Scans of the field along this
axis are possible as well as a fast insertion to a standard
position.

Installation of the spectrometer will centre around
one main lift of 100 tons. A basic assembly (pivot arm,
dipole without the upper outer yokes, and the stand
feet and airpads) will be lifted into the proton hall
through the proton hall roof beams. The direction of
the lift is still not fixed, but a general agreement to
install SASP on a north-south axis longitudinal to the
main crane's 100 ton sling has be reached. Roof beam
no.'s 12 to 19 will be removed in this case.
Target chamber. The target chamber will provide fixed
beam entrance and exit ports as well as one port each
for the MRS and SASP spectrometers. Each spectrom-
eter port will be part of an independent sliding seal
band system, which will enable both spectrometers to
be rotated independently without breaking the contin-
uous vacuum volume in the target chamber and the
two spectrometers.

The contract was awarded to Tal Van Machine Shop
Ltd. Delivery was made this November. Assembly of
the chamber can now proceed.
Detectors. The main detectors at the SASP focal
plane are the vertical drift chambers (VDC's). The
design uses a crimp-pin technique to provide very low-
capacitance connections from the wires through the gas
envelope. This allows very low gas gain without pre-
amplification inside the gas envelope. Machining of the
crimp-pin holes has turned out to be much more tax-

ing than had ever been anticipated. The tolerances on
hole sizes and hole-to-hole dimensional spacings were
very difficult to achieve. The technique was difficult
to obtain with an independent supplier. The TRIUMF
machine shop now has acquired the ability itself to
machine such precise holes in such quantity so that
quality control will be better in the future.

Stringing the VDC chambers is now in process.
Much of the effort of the past months has gone into
developing an automatic optical system to precisely
measure and record the position of each wire.

The front end chambers (FEC's) have been designed
and are awaiting construction.
Services. The present BONNIE dipole power supply
will also be used to power up the SASP Ql quad. The
new power supplies to be purchased are the Q2 supply
as well as the dipole supply. The new Q2 supply was
originally to have been installed on the same wooden
platform presently holding the BONNIE power supply.
However, it was decided that the wooden platform was
too much of a hazard and needed to be replaced. A
decision has been made to replace the platform with
an all-steel assembly during the April, 1992 shutdown.

During the fall shutdown cable runs for the Q2 and
dipole power supplies were installed. The Ql/BONNIE
dipole switch and cable run were installed during 1990.
Schedule. The starting date for the final installation
of the SASP spectrometer has now been firmly set for
April 1, 1992. The spectrometer should be ready for
commissioning early in June. 1992. A goal has been set
to attempt to use the polarized beam time during Au-
gust to September, 1992 to run the first experiments.
Currently funded NSERC experiments are (p, T*) , EX-
pts. 417, 635 and nucleon knockout (p,2p), Expt. 637.
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ELECTRONICS AND COMPUTING DIVISION

INTRODUCTION

The year started with high hopes and expectations
that the government would make a definite decision on
KAON and that the decision would be a positive one.
It ended almost the same way. Lots of activity took
place on the KAON front and, by the way, in Division
VI. The first is described elsewhere in this report while
the latter is in the following sections.

Rather than highlighting some of the activities de-
tailed below, this introduction will mention briefly
some of the areas considered to be actual or potential
problems.

The GST is taking its toll in more ways that one!
An innocent victim is the Administrative Computing
System. Simple taxes are never simple and the GST
exemplifies this. In order to recover some of the GST
paid by TRIUMF, accounting must keep track of many
more things. This, along with increased internal re-
porting requirements occasioned by much tighter and,
worse still, unpredictable budgets, has brought us to
the point where the S38 system, acquired seven years
ago, is not quite coping. Fortunately IBM has available
a smooth and economical upgrade path which we hope
to be able to follow next year.

Data acquisition is a perennial problem. A good start
has been made on solving the hardware problems al-
though, clearly, more funds are needed to go from the
barely adequate to the top-rate facilities that would be
so useful to our users. We are desperately short of staff
to assist users with their problems, let alone carry out
the improvements that we know are very much needed.

Another perennial problem is that of electronic de-
sign tools. There are, and we have them, good PC
based schematic capture and non-automatic circuit
board layout tools. There are also tools such as pSpice,
which we also have, that allow some modelling and sim-
ulation to be done. For the design of sizeable gate ar-
rays and other complex circuits and devices we make
use of a now antiquated Daisy system. When it was
purchased seven years ago it represented the best ca-
pability available for a reasonable price. Since then
technology has marched on, the supplier has gone
bankrupt, and we have nowhere near the funds needed
to acquire a modern equivalent. In the design and im-
plementation of many modern electronic systems sim-
ulation has become the key technique because, among
other things, of the high cost of errors. For some recent
gate array designs carried out by the group a design
error costs $15,000 plus about six weeks to correct.
Hence the dictum - simulate, simulate, then simulate

some more. The tools required to do this are expen-
sive, or more precisely the hardware is relatively cheap
and the software very expensive. Industry wisdom says
that to be effective each engineer needs at least $50,000
of contemporary design tools. We have less than this
for the entire group. One of these days we will have
to decide either to acquire the proper tools or to not
build modern, complex systems.

DATA ACQUISITION

Acquisition systems hardware

During the last year, the Data Acquisition group
concentrated on reducing hardware maintenance costs
while maintaining high reliability of the hardware. By
purchasing a number of Qbus to SCSI interfaces and
SCSI disk drives, we are able to offer two disks per
system and to keep spares in case of failures. AH re-
maining 9-track tape drives were retired and replaced
by 8 mm Exabyte drives. These drives are in self con-
tained boxes and can be moved easily from system to
system as needed.

We also regained the last VAXstation 3200 of the
PDS group. It will serve as the nucleus for the new
CHAOS data acquisition system.

As the Cyclotron Controls group commissioned new
Qbus to CAMAC interfaces, we were given their four
SCI2280 interfaces. A Starburst was recovered from the
Targets group and an extra CAMAC executive crate
controller was purchased. This gives us enough CA-
MAC hardware to run full VDACS acquisition on seven
systems at a time with fiSR on the two remaining sys-
tems. The RMC VAX system continues to run with
special hardware and software.

In the future we hope to provide every counting room
with Xwindows capability.

VDACS software

There have been some significant additions to
VDACS. Users now have a choice of data logging
to disk and to foreign tapes in addition to the
previous support for ANSI labelled tapes. One can
also override the default file specification (e.g. EX-
PTnnnnnRUNnnnnn.DAT).

There have been several improvements to the
TWOTRAN compiler as well. TWOTRAN now sup-
ports the use of the two front panel interrupt sources
on the Starburst. These provide an alternate interrupt
source to %GLAM and have about half the latency
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Table VIII. TRIUMF data acquisition systems.

Room Line Node Name Type Mem

MRS
MRS

Rm 3
Rm 4
Rm 7
Rm 8

Rm 10

RMC
M15

LabGg

4B
4A

Mil
M13
Mil
M9B
M20

M9A
M15

MRSDAC
4ADAC

KOSDAC
M13DAC
M11DAC
M9BDAC
M20DAC

RMCVAX
M15DAC

pVAX3400
/iVAX II

VAXst3200
VAXst3200
VAXst3200

/iVAX II
VAXst3520

VAXst3200
VAXst3520

12 Mb
13 Mb

16 Mb
16Mb
16Mb
16 Mb
16Mb

24 Mb
16 Mb

DASDEV iiVAX II 16 Mb

time (120 fis for front panel interrupts vs. 200+/is for
graded LAM interrupts). "Bitwise operators" for 1*2
and 1*4 variables have been implemented and support
has been added for the following new functions: IMOD,
ISHIFT, IROTATE and SWAB. Variables can now be
initialized in number bases other than decimal, namely,
octal (base 8), hexidecimal (base 16), and binary (base
2).

Experimenters can now insert actual PDP-11 assem-
bler code directly into their TWOTRAN subroutines.
Most features of the PDP-11 macro assembler are sup-
ported. The in-iine code can refer to TWOTRAN vari-
ables declared outside of the in-line code fragment.

Finally, a TWOTRAN disassembler DASM is avail-
able on the data acquisition machines. DASM produces
a text file showing the actual machine code generated
by the TWOTRAN compiler as well as the PDP as-
sembler code. This is a powerful tool for debugging
and for understanding what code is actually running
in the Starburst front end processor.

For the future, we are planning to offer as a second
choice of data format for VDACS, the YBOS format.
Work will also proceed in implementing some commu-
nications with the secondary beam line channel control
PCs over Ethernet.

NOVA analysis software

The NOVA analysis software offered as a standard
package on all the data acquisition systems as well as
on the DAC cluster has matured over the last year and
stabilized. A unified version can be used for on-line
or off-line analysis. The package interfaces to PLOT-
DATA for users needing more sophisticated data repre-

sentation and fitting than NOVA can offer at the mo-
ment. Support for Xwindows is expected in the near
future.

Documentation

In the last two months of the year, the effort of
the Data Acquisition group has shifted to producing
new and updated documentation. The VDACS on-line
HELP has been brought completely up to date. An
overhauled version of the "VDACS Primer" is avail-
able. It gives an overview of the hardware and software
components used by VDACS as well as documents all
the commonly used commands and gives samples of
useful sessions. A new "TWOTRAN Reference Man-
ual" should be available soon. There is also an updated
NOVA manual set available.

software

Over the last year we have seen the introduction of
both new DA hardware and new DA software for the
/*SR beam lines. At present, the two modes of /iSR
experiments, viz. time differential (TD) and time in-
tegral (TI) are both running reliably on the DA com-
puters: M20DAC, M15DAC, M13DAC and M9BDAC.
The software for these two experimental configurations
(TD being written and supported at PSI, and TI writ-
ten and supported at TRIUMF) has been integrated
to the extent that the user interface for both has the
same feel and look to the experimentalists, thereby re-
ducing the time required to become familiar with the
DA system.

Currently software plans for the near future at TRI-
UMF and PSI add a third software "leg", specifically
that of a MONITOR program, that interacts with both
TD and TI acquisition modules to monitor and intel-
ligently respond to exceptional circumstances.

For the current beam period TRIUMF is also try-
ing to integrate into its TD set-up a set of modules
that will allow automatic queuing of a list of runs that
can be executed as a function of an external parame-
ter. Specifically we have in mind temperature, stepping
motor or magnet scans. This should be of great use for
visitors who would like to do "turnkey" /*SR.

COMPUTING SERVICES

Hardware

Figure 150 shows how our group views (biased to-
wards the data analysis central cluster) TRIUMF's
computing facilities. With the large number of com-
puters on site an important aspect has been the com-
munications between its various components and the
world at large. The communications between TRIUMF
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Fig. 150. Computing facility for TRIUMF (December, 1991).

and the international physics community continued to
improve with the doubling (to 112 Kbaud) of BCnet's
access to the U.S. Early 1992 will see yet another dou-
bling to 256 Kbaud and the link to the University of
Victoria going to Tl . These improvements in communi-
cations are now allowing worldwide mounting of disks
so that local copies of files are often no longer neces-
sary. This real-time sharing of global information will
have a profound influence on the nature of comput-
ing. With each improvement in the communications
network the boundaries between computing groups,
and even laboratories, become fuzzier. The move to-
wards Gigabit networks (already being prototyped in
the U.S.) will result in a major shift from text-based
to image-based communications.

In the past two years our group has been heavily in-
volved in porting various FORTRAN codes from VMS
to UNIX. The difficulties of porting applications from
VMS to UNIX are now viewed as minor compared
to the problems posed by the de-centralization of the
computing resources that has resulted from the pro-
liferation of workstations. This de-centralization has

created an informal "web of people" at TRIUMF who
have become essential to the overall computing support
that needs to be provided to the users. The fragmen-
tation of this support has led to a need for the close
co-operation of these "web members". In addition, the
move to UNIX resulted in a much stronger interaction
with software developed worldwide (i.e. a more "open
world" view).

The drive towards workstations resulted in a con-
tinual effort to evaluate the latest and greatest hard-
ware made available by the vendors DEC, HP, and Sil-
icon Graphics. The results of these evaluations were
largely based on the timing of "standard" programs
such as REVHOC, ACCSIM, DIMAD, RAYTRACE and lat-
tice gauge codes run by the Theory group. In addition,
the "critical mass" effect tended to bias one towards
choosing the incumbent vendor. In general the com-
puter performance/price once more doubled during the
year. The choice between buying an Xwindow or a
workstation at TRIUMF has generally led to choosing
the latter. The standard Xwindow terminal at TRI-
UMF was chosen to be the 19 in. monochrome unit
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from NCD. The data analysis centre (DAC) local area
VAX cluster (LAVC) had a modest expansion in power
from 10 to 12.7 VAX-8650's equivalence, where on av-
erage about 50% of the available cpu cycles were con-
sumed, with a definite drop toward year's end, indica-
tive of the swing to using the UNIX based machines
for number crunching.

Figure 151 shows the dramatic growth in cpu power
since the arrival of RISC based workstations. Instead of
doubling every two years (indicated by the solid line),
the cpu power on site is now doubling every year! With
about 25 UNIX workstations on site, their manage-
ment is a key problem since each operates in a stand-
alone mode and requires a full man-day to upgrade
with each release of the operating system, regardless of
the fact that the installations are now done using the
remote installation service RIS. In addition, our group
performs a full backup of the disks on most of these
systems once/week. Still, the migration from VMS to
UNIX has continued at a steady pace. With the var-
ious software tools supplied by DEC as part of the
CSLG program, site-wide terminal access to the DEC-
stations, printer access from the DECstations, and disk
file sharing between VAXes and DECstations, this mi-
gration has been made relatively painless (at least for
the users).

Once again the price/Mbyte of disk space halved
as in the past year. The planned doubling in
speed/capacity of the 8 mm VCR drives, viewed as an
essential element in managing the ever increasing data
load, did not take place this year due to severe bud-
get constraints. This led to backups being done dur-
ing working hours, severely taxing an already heavily
loaded site-wide Ethernet.

1 9 S 0 1 9 8 4 1 9 8 8 1 9 9 2 1 9 9 6 2 0 0 0
Y E A R

Fig. 151. Growth, in cpu, of the DAC cluster.

Software

To facilitate the installation of ULTRIX V4.2 on
DECstations an on-line document was prepared (and
periodically updated) which outlines the many steps
required. This document is the current "bible" for
the DECstations. The need to standardize on a site-
wide basis as well as on a global basis was made clear
as a result of the first HEPiX (High Energy Physics
UNIX Coordination) meeting held September 23-25 at
FNAL. The focus of that meeting was to share experi-
ences, influence vendors and standards, and to investi-
gate solutions to those problems which impede the use
of UNIX for mainstream work at the member institu-
tions. The success of TRIUMF and many other high
energy physics (HEP) laboratories will be significantly
influenced by this cooperation, especially in light of
developments in the area of electronic communication
systems. As far as the HEP community is concerned,
the computer operating systems war is over ... UNIX
has won!

For our group, the graphics event of the year was
the successful porting of PLDTDATA and EDCR from the
VAX/VMS to the RISC/ULTRIX machines. In addi-
tion, EDGR was also ported to the Silicon Graphics IRIS
system (with PLOTDATA scheduled for 1Q92). This was
the culmination of a two year effort involving 3 gen-
erations of summer students! The UNIX versions of
these programs have the same look and feel as the
VMS version, complete with on-line VMS style help,
command-line recall, interrupt handling, and direct
printing of hard copies to the site printer/plotters. The
documentation for these programs was vastly revised
and expanded (to reflect both the extensive enhance-
ments made and the need to make them more user
friendly). Since it was felt that the Postscript print-
ers would become the dominant standard at TRIUMF
in the near future (as opposed to the current use of
PCL on HP laserjets) full support for this printer was
also provided. This format has the added benefits in
that the files tend to be smaller, and being ASCII,
they can readily be sent via mailers. Emphasis was
placed on improving the robustness/flexibility of the
Xwindow graphics driver routines (e.g. support zoom
window when cross-hair cursor is active) and the corre-
sponding memory management routines which allowed
window resize/replay. A lot of effort was also put into
the "reconciliation" of all graphics library source codes
on VMS, ULTRIX, and IRIX systems. To avoid chaos,
the definitive set of source codes was stored on VMS
only. All members of the group making changes to
these codes were in constant communication. It helped
a great deal that they were in a common office.
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Due to improved communications links (noted pre-
viously) the worldwide distribution of this software,
formerly done only via magnetic tape, is rapidly being
replaced by network transfers.

Whenever possible "standard" publicly available
software was made available for the DECstations.
These included the SLATEC and CERI libraries, the
EHACS text editor, KERMIT, TfeX and ttTgX with a fast
screen previewer XDVI, the Postscript Xwindow pre-
viewerGhostscript, R. Watson's Postscript symbiont,
the source code management utility EXPAHD from Fer-
milab, the generic Xwindow terminal emulator XTERM
(which was also put on the DAC VAX/VMS worksta-
tions), and the various Xwindow graphics tools such as
TGIF, IDRAV, XSHAP, XV, XVD2PS and XLOADIHAGE.
Several DECstations now also make extensive use of
Mathematical"1, a commercial program which nicely
complements PLOTDATA and is much favoured by
the Theory group. The Archive Server Listing Service
archie, provided by McGill University (and accessed
via Internet) was an invaluable tool in acquiring the
"tools of the trade". Among other things, by just sup-
plying the name of the software package one was inter-
ested in, it would provide the Internet address and di-
rectory information where one could electronically ob-
tain it. A significant effort was expended by our group
to determine which tools were considered world class
standards (and would be useful at TRIUMF).

In the area of support for the PC's, a large archive
of public domain software was made available on the
DAC VAX cluster.

A reduced, but still significant part of the group's
efforts was directed to supporting the KAON Factory
Project Definition Study. For example, the simulation
of proton trajectories in collimator materials was stud-
ied extensively. This led to the implementation of col-
limator elements in the tracking code ACCSIH, which
can now also calculate closed orbits and simulate pro-
grammed orbit bumps. The lattice-design graphics pro-
gram DIPLOT also saw considerable improvements dur-
ing the year.

Finally, numerous other programs such as COMA,
REVMOC, IHTRAH, DIMAD and RELAX3D were contin-
uously improved to meet the demands of their various
users. In particular, the three dimensional relaxation
code, REL.AX3D, for solving Laplace and Poisson equa-
tions, and initially developed in 1973, has seen a re-
vival in its popularity and a new version, running both
on VMS and UNIX with enhanced device support and
new documentation, is expected to be released soon.

DATA ANALYSIS CENTRE (DAC)

Although UNIX machines of various flavours have
become increasingly more popular at TRIUMF, par-

ticularly in areas of simulation studies and data analy-
sis of large experiments, the VAX machines integrated
in TRIUMF's local area VAX cluster (LAVC) continue
to support the bulk of the users doing less compute-
intensive tasks. Although the CPU-load of the LAVC
averaged to about 60% over most of the year, there was
a definite downward trend in the last quarter, indica-
tive of the impact of the UNIX machines. Three new
machines of the type VS-3176 have been added to the
cluster replacing some of the older VS-2000 and VS-
3200 machines (two of these VS-3176, PUBFF1 and
PUBMM1, were specifically added for public use on a
first come first served basis). The total number of VAX
processors in the cluster presently lies at 25. All satel-
lite stations continue to be served by the two VAX-8650
machines ERICH and REG. Near the end of the year
the operating system of the cluster was upgraded to
VMS 5.4-3. This past year a more regular program of
backups was implemented, including the DECstations.

The increased speed of satellites is beginning to
strain the capacity of the Cl cluster 8650s and cen-
tral disk I/O is becoming a bottleneck. The speed and
reliability of the HSC disks were becoming a problem
and there were continuous failures of the RA81/RA82
disks at the beginning of the year. To meet the need for
faster and more reliable disks a deal was struck with
DEC to replace the RA8X disks with 16 SA72 disks (16
Gb) which cover less floor space, and consume signifi-
cantly less power thus reducing the load on the often
failure-prone air conditioning system. We still have 6
RA81 disks which were purchased as private disks by
users, although they have been taken off maintenance
and the owners have been allotted more than equiva-
lent space on the new disks. The old disks will be used
as scratch space until they break.

A new member of the computing facility was hired
in March to address the increasing load of day-to-day
tasks related to the management and support of the
cluster, network and the growing number of UNIX ma-
chines on the local area network.

The data analysis centre took on the task of setting
up and managing a system of 16 terminals and a printer
at the IRC on the UBC campus for the PF91 con-
ference which was organized by TRIUMF in August.
About 600 delegates were given captive accounts on
the TRIUMF cluster via a LAT server on UBCnet and
had access to mail and limited file copy/delete/print fa-
cilities. The facilities were widely praised by delegates
and the arrangements should serve as a good model for
future conferences.

The dial-in lines now operate at 9600/2400 baud
through terminal servers which allow increased func-
tionality and better direct access to all nodes on site.
The PACX-line UBC9600 is paralleled with a 16 chan-
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nel terminal server service, thus allowing access to all
TRIUMF machines from the UBC campus network (as
well as TRIUMF House). We now have 20 PCs net-
worked to the VAX cluster via PCSA/PATHWORKS,
and more are coming along all the time. Several of these
can be networked via a Gandalf Hub which multiplexes
thickwire Ethernet to twisted pair Ethernet, enabling
us to use abandoned PACX lines as extensions of the
Ethernet. Use of TCP/IP as a networking protocol has
continued to grow on our Ethernet from 3% of traffic
in 1990 to 20% on a typical day now, most of which is
NFS disk serving.

We terminated the Micom terminal link to SLAC
and used the released bandwidth to upgrade the speed
of our direct HEPNET link from 9600 to 19200 baud.
Three licenses to run Multinet software were procured
from the pool of licenses available for the Canadian
HEPNET community. This software provides TCP/IP
support in VMS machines and allows encapsulation of
DECNET in TCP/IP on CA*net and NSFnet. This
is now used to communicate with the University of
Alberta nodes and the rest of Canada. Such a link is
also used as a backup for SLAC.

In the Internet world, we have obtained authority
for our own domain, which means we are running our
own nameservers. Bitnet (Jnet) has been converted to
use TCP/IP on BCnet as the outbound transport, re-
placing a dedicated leased telephone line running to
SFU. We have also implemented an SMTP mailer, MX,
which gives us mail delivery via Internet, and we there-
fore plan to phase out our Bitnet support in a year's
time.

Because Datapac is no longer used to network nodes
and other use has dropped substantially, our datapac
link speed was reduced from 4800 to 1200 baud, and
the number of logical circuits was reduced from eight
to four, in order to reduce costs.

ELECTRONIC SERVICES

The Electronic Services department had a very un-
usual year in 1991. The shop was bogged down over
100% busy for months at a time or was desperately
looking for work during the lulls. Confusion over the
financial state of TRIUMF was a definite contributing
factor.

Electronics shop

The Electronics shop worked on 130 official jobs in
1991. These are jobs that fall in the range of 1 to 1000
hours duration and have a paper work trail to account
for the hours. Fnrty of these jobs are "open" jobs which
help in reducing unneeded paperwork for small jobs.
We have reduced the paperwork in our department a

further 25% this year and have now reduced the pa-
perwork to one third of the 1987 value.

Major jobs this year included: 900 man-hours assem-
bling components and cables for the Brookhaven 787
experiment, 420 hours supporting the Cyclotron Con-
trols group, 400 hours supporting the PACX/Ethernet
Systems and cabling, 100 hours for ISIS, and 75 hours
for ISOL.

Extended illnesses accounted for the loss of approx-
imately one man-year for the shop. The staff worked
extra hard in covering the effected areas.

Quality of the shop products continues to be high.
All projects and requests were delivered on time.

Site communications

The shop continued to be the main support for the
site RS232 communication lines and Ethernet related
cabling components. Demand for RS232 support was
identical to last year with 150 requests for installa-
tion, repair, or debugging. Ethernet calls were up dra-
matically this year with over 82 requests for new or
rerouted cabling, server, DELNI, and bridge installa-
tions. Improvement of the documentation for the site
communications continues.

Nucleonics pool/repair shop

The total number of repairs and evaluations made
during 1991, including all types of electronic equip-
ment, was 401. This number included 171 nucleonics
modules (79 CAMAC modules and 92 IM modules),
88 power supplies (23 CAMAC, 33 NIM, 18 high volt-
age, and 14 miscellaneous), 68 monitors (47 Atari, 13
monochrome IBM, and 8 colour IBM), 55 terminals (39
DEC and 16 Pericom, Soroc, and other types), and 19
of other various and odd-ball types of electronic gad-
getry. Not included in this total is a large number of
device check-outs (greater than 10% of total repairs)
for devices thought to be in operational condition but
requiring confirmation of this.

Almost all of the CAMAC test routines were im-
proved upon as new operating parameters and prob-
lems came to light, vastly improving the scope of our
test and calibration routines. Also, at least 5 origi-
nal routines were written for some more complicated
devices not previously capable of being tested under
program control. We now have programs to test over
80% of the pool modules. The Lecroy System 4290 and
PCOS system have tests which now cover 50% of their
functionality.

Hardware improvements were minimal because of
budgetary constraints.

This department also assisted a number of experi-
menters with a host of unusual or in-situ requests. We
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continue to loan equipment out at very short notice
and assist users in making specialized measurements.

PC service/Ataris

The PC Repairs area now maintains close to 300
IBM style machines and approximately 100 Atari ter-
minals. In the last two years we have saved an esti-
mated $140,000 by maintaining our own equipment
versus off site service contracts. This is all done with a
labour force of 1.2 people. Perhaps this type of service
should be introduced to VAX land.

Services this year included: 175 hardware related
calls to repair, install, upgrade and recover hard drives;
85 software service calls to deal with software conflicts,
memory management, recommendations and sourcing
information; 18 installations or evaluations of new ma-
chines or equipment; adding workstations to the local
LAN and installing UPS systems.

Thirty-three Atari computers were repaired. Atari
loans continue, when our stock permits, for those who
have theirs in for repair.

Local LAN

The trailer Gg Novell PC network continues to per-
form well, with greater than 99% uptime. Three fail-
ures occurred during the year, two of which were at-
tributed to cable faults, and one server crashed without
known cause. All failures were corrected within hours
or minutes of their occurrence. Software upgrades to
the network backup system were implemented, allow-
ing more flexibility and better service to end-users. A
variety of software utilities were written to aid in ad-
ministration of the network. Upgrades were completed
on a number of existing in-house utilities.

SYSTEMS SUPPORT

The rf controls 0721/0722 setpoint controller project
has been in operation for about a year and has under-
gone extensive upgrading, to improve stability, speed,
and general code quality. The generic setpoint con-
troller version has been partly done.

A specialized analysis tool for monitoring setpoint
controller system behaviour has been completed.

Software for data reduction of magnet survey experi-
ments was written and provided to the Magnets group.
Some minor upgrades to this software were performed.

A system for controlling CHAOS HV power supplies
was proposed and constructed in collaboration with
Project Team B. The 0803/BIB device software has
been tested and has passed a feasibility and perfor-
mance evaluation. Design of release level software has
commenced, and is scheduled for completion early in
the new year. Budgetary problems delayed progress of
this project. This was especially evident in procuring

very small orders for prototyping parts. Some small $5
orders took up to 2 weeks to be processed.

Consultation to computer users and programmers
was provided. Some small code fragments and utilities
were written and provided.

Site support

Several changes were made to the BL2C extraction
probe system. This included modifications to the Z mo-
tion to switch the up and down limits and direction of
motion. The probe has been running well since these
changes.

The M15 slits control system was repaired after a
catastrophic failure precipitated by a lightning strike
that caused a power bump. All slits assemblies were
damaged. All motors, pots and vacuum couplings were
replaced and slits 1 and 2 were recalibrated. Changes
were made in the system to add a watchdog timer to
prevent this from happening again.

The HE4 probe was installed in the tank during the
spring shutdown. A motor control system and Telterm
page were created for this probe.

A separate motor control crate was installed in level
264 for handling TRIMAC based systems.

The magnet survey system was modified to correct
some bugs in the program and to assist in creating new
scan patterns for the SASP/DASS.

The 787 garbage compactor test system was created.
This system will allow full speed testing of the daugh-
ter boards on a dedicated test jig. Control and test
software was written in C using Windows as the user
interface. Time was spent learning programming meth-
ods using the Windows Graphical User Interface.

The PET chemistry system upgrades were com-
pleted. This included implementing the menu system
for FDG synthesis. Several changes were made to the
carbon system software as the apparatus was modified.

A watchdog program was prepared for the PET
Scanner at the ACU using a TRIMAC to replace the
MIK-11 computer.

Initial investigations were made into ways of replac-
ing some of the cyclotron probes motor controls with
TRIMACs. A written description was prepared, and
preliminary software was written to test some com-
munication methods. Tests performed during the fall
shutdown indicated that conventional communication
methods using a 2401 memory were best.

Several changes were made to existing computer sys-
tems including the main tank vacuum, 4BT2.

Our ATE facility was used on a number of occasions
to gather data or perform tests and alignment for a
number of departments. We continue to loan out major
pieces of equipment to assist any experimenter or group
in meeting their deadlines.

132



PROJECT TEAM A

In 1991 the major task of Project Team A continued
to be the provision of electrical engineering support
to experimental groups. Our involvement with data
acquisition systems included the design of hardware
for various systems and the planning and managing of
large electronic manufacturing jobs. At the same time
we continued to support the TR30 project and the Cy-
clotron Controls group.

Experiment support

Data compactor project

We participated in the system design for the BNL
Expt. 787 GaAs charge coupled device (CCD) data
processing system. For this system we designed a sin-
gle width, sixteen channel FASTBUS based data pro-
cessing module, called the data compactor, to process
the digitized data from a CCD digitizer module which
also has sixteen channels. After receiving a trigger sig-
nal from the triggering system of the experiment, each
GaAs CCD starts digitizing the contents of its 128 ana-
log buckets at a 30 MHz rate and ships this informa-
tion at the digitizing rate to the compactor as a 128
byte, 8 bit wide data stream. The compactor, which is
mainly implemented in an LSI CMOS gate array, is a
pipelined processor that does a bucket by bucket back-
ground subtraction, then checks that the value is above
a specified threshold in order to only store peaks in the
incoming data. Skirt widths can also be specified. After
the 128 bytes of data have been transferred and pro-
cessed, the compactor can be re-enabled and the stored
data read out by the data acquisition computer while
waiting for the next event. The implementation of the
GaAs CCD/data compactor system will improve the
system deadtime by factors of at least ten.

The FASTBUS interface is implemented using
the protocol control logic/address data interface
(PCL/ADI) chip set developed by Division VI using
funds supplied by a consortium of laboratories inter-
ested in developing general FASTBUS tools. In early
1992, we will commission a sixteen channel prototype
module with the CCD system at TRIUMF followed by
128 channels for the May, 1992 run at the Brookhaven.

Ultra thin wire chamber and beam chamber project

The BNL Expt. 787 group will replace their drift
chamber with an ultra thin wire chamber and add a
new beam chamber to their system. We provided elec-
trical and mechanical designers to help in the UTWC
design. Also, we will be modifying and expanding the
old drift chamber electronics system such that it can
be used for the new chambers.

Vertical drift chamber and front end chamber
(FEC) electronics

We supported the development of a sixteen chan-
nel preamplifier, postamplifier and discriminator board
which is to be mounted directly onto the SASP verti-
cal drift chamber (VDC). Eighty boards of two differ-
ent shapes will be produced to conform to the avail-
able space. We are also responsible for the design and
implementation of the front end chamber (FEC) elec-
tronics and will reapply the VDC electronics design to
the FEC electronic system.

Red giant

We have developed a prototype consisting of an eight
channel preamplifier and postamplifier system for the
silicon semiconductor detectors for Expt. 589. The elec-
tronics system is designed to detect particles in the
energy range from 150 keV to 3.5 MeV with a 15 k.eV
resolution at 1 MeV. The prototype system's perfor-
mance as measured in the December, 1991 test run
will be used to define in detail the overall system re-
quirements and the important parameters. The final
system will contain sixty-four channels.

Cyclotron Controls group support

ADC/DSP module

We have completed the hardware and software de-
sign of an ADC/DSP module to upgrade the 256 chan-
nel multiplexed data acquisition system used through-
out the central control system. By implementing digital
signal processing techniques the signal-to-noise ratio
and thus the resolution of the system has been im-
proved. This approach is much more cost effective and
versatile than the previous approach which used sepa-
rate analog processing for each channel.

Main tank vacuum (MTV) system

We upgraded and simplified the MTV system. Now
only one TRIMAC instead of three is required to con-
trol all the various types of valves and probes. We have
also completed a new display and control program for
the personal computer control terminal.

TR30 rf controls

The TR30 rf controller unit was commissioned in
February. It automated the start-up procedure of the
rf cavity, and provides for push button selection for
the normal running or cavity conditioning operation.
To facilitate future commissioning of the cyclotron, we
have also incorporated control features which include
the following: the selection of either an open or closed
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amplitude regulation loop, the setting of the driving
pulse signal characteristics, adjustment of the rf cou-
pling between the transmission line and the cavity as
well as tuning of the cavity frequency.

We are also providing the rf control for the TR30/15
cyclotron whose design will be based on that of the
TR30 system. This project is to be completed by the
second half of 1992.

Miscellaneous projects

Other projects that we were involved with include
the following. We designed a power amplifier to drive a
solenoid coil at 100 kHz, a Piezo-electrical valve driver
and an rf trip monitoring module. We also continued to
provide printed circuit board design support to others
on site.

PROJECT TEAM B

During 1991 the largest projects for the team were
the TR30/15 cyclotron controls and the KAON 1 MHz
chopper. Jn addition, a large number of medium to
small projects in support of the Cyclotron division were
carried out and upgrades to existing systems contin-
ued.

TR30/15

The team is responsible for the control system
and the safety system hardware of the second TR30
which is built by Ebco Technologies for installation
at INER in Taiwan. Although the basic control sys-
tem implementation will be the same as the origi-
nal TR30 controls, major redesigns and additions are
needed because the new machine accelerates both pro-
tons and deuterons and because the beam line and
target configurations differ from that of the Nordion
machine. Additional changes are mandated by the
INER building layout and the need for efficient instal-
lation/testing/reinstallation both in Vancouver and
abroad. An improved quality assurance program is be-
ing put into place. With support from Dynapro Sys-
tems an advanced configuration management system
has been installed. The design phase is nearly com-
pleted and a large fraction of the custom hardware such
as Convectron gauge front ends, cryo-pump tempera-
ture readout, fiber optic interfaces to floating power
supplies, etc. has been designed and built.

The radiation monitoring system is being completely
redesigned. A modular, distributed system will be de-
livered to Ebco. It is based on a universal counter
module for gamma, neutron, residual air, and stack air
monitoring. The counter modules have local displays,
are housed in small Eurocard crates and communicate
with the safety PLC on a serial link.

KAON kicker controls

The interlocks and controls for the prototype 1 MHz
chopper for KAON received almost continuous mod-
ifications during the year to meet the ever changing
requirements of the test stand. A PC interface to im-
plement computer control of the puise sequencing is
currently under development.

TISOL

In the spring, the TISOL control system was up-
graded to accommodate the facility expansion to the
new experimental area in the proton hall extension.
Additional controls cabinets with 9 OPTOMUX cards
were installed and cabled to the new devices. The
TICS software was reconfigured with several new dis-
play pages.

At present, a mass-scan algorithm with GPIB sup-
port is being included into the control system in order
to free up the CAMAC crate-micro VAX combination
which is now in use.

Cyclotron division support

The 8080 and C A M A C based controller for the
beam line 1 production targets gave rise to major
problems. The system has become obsolete and non-
maintainable. A replacement with an STD bus 80286
processor is under development.

A variety of projects was completed in support of the
Vacuum group. A four channel cold cathode gauge con-
troller was developed to replace unreliable commercial
controllers The controller interfaces with an RS422
link to 0694 CAMAC memory modules in order to
make the gauge readings available to the central con-
trol system. The Convectron gauge controllers which
were developed in the previous year were modified to
also support this type of remote readout.

In addition, a module for first trip detection of the
B-20 cryo-generator and a liquid nitrogen level sens-
ing module for the existing B20 cool trap were de-
veloped. Both modules are based on the TRIC/junior
controller board. Also based on this board are inter-
lock logic modules which were designed and built for
the Diagnostics group.

32 bit microcontroller

With future KAON applications in mind, an internal
pilot project was started to move into the 32 bit micro-
controller world. Motorola development kits consist-
ing of an application development board and a "busi-
ness card computer" with the 68332 processor were ac-
quired. For that system a static RAM module as well
as an Ethernet interface were developed which are con-
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figured in a "brick" configuration. The non-preemptive
multi-tasking kerne) of the TICS system was ported to
the 68332 and a network support package using the
TCP/IP protocol was written. A demonstration appli-
cation involving a 68332 system and the SUN IPC is
being prepared.

Secondary channel control

In the fall shutdown all secondary channel control
PCs were serviced. The TICS software received func-
tional upgrades, most notably the ability to act as a
network server using the UDP/IP protocol. Initially
programming libraries and the PC/NFS product from
SUN Microsystems were used. This proved to be too
memory hungry and therefore the socket implemen-
tation, which was written for the 68332 project, was
ported to the PC. A remote supervisor program was
developed which allows remote control of a TICS sys-
tem over Ethernet. Versions of the supervisor are run-
ning on VAX, SUN, and PCs. At present Mil and M13
are connected.

VME applications

The ageing Sun 3/60 was replaced by a Sun IPC
SPARC station. The VME development system from
Multiprocessor Toolsmiths was upgraded for this new
host with more effort necessary than expected. The
versatile symbolic debugger and a VME logic analyzer
are providing a service for general equipment perfor-
mance evaluation. A port of the Unison real-time ker-
nel and Ethernet downloader to the 68332 based SBC
is under investigation.

Neural networks

The group supervised a COOP student between Jan-
uary and August. He was carrying out a research
project exploring neural network applications for adap-
tive temperature control. Due to manpower shortage
this very interesting and promising project is now on
hold.
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APPLIED PROGRAMS AND TECHNOLOGY DIVISION

APPLIED PROGRAMS

Our applied program research is largely focussed on
medical uses of nuclear processes and techniques. As
such the medical applications range from radiotherapy
in the pion therapy program to radioisotope produc-
tion for diagnostic procedures. Following the latter,
radiopharmaceuticals are developed, camera detector
systems are investigated, clinical and diagnostic studies
are performed and imaging algorithms are researched.
Each step can be utilized in obtaining techniques for
medical applications.

Biomedical program

Pion therapy in 1991 was devoted to the two on-
going clinical trials: (i) phase III trials in adult grades
3 and 4 astrocytomas and (ii) phase III trials on stages
C and D prostate. These are presently the only phase
III randomized studies in the world that compare pi-
ons with photons, and are expected to be concluded by
1994. The toxicity of the treatment is being monitored
closely while the dosage is being escalated systemat-
ically to tissue tolerance levels. At present, the pion
treatment schemes are as follows:
Dose -
Brain Trial:

34.5 Gy for volumes <500 cc
33 Gy for volumes >500 cc

Prostate Trial:
37.5 Gy for volumes <500 cc
36 Gy for volumes >500 cc

All treatments are delivered in 15 daily fractions over
a minimum period of 19 days.

The patient accrual is slower than expected, espe-
cially for the brain trial. However, compliance with pro-
tocol requirements is excellent and all patients in the
trials appear eligible and evaluable. An update sum-
mary of the patient accrual statistics is shown in Table
IX. In order to illustrate the general size of tumours
and the times of treatment in the trial, the statistics for
the brain trial patients are shown in Figs. 152 and 153.
All patients treated in the pion therapy program are
registered with the North American Radiation Ther-
apy Oncology group which coordinates the develop-
ment of new treatment modalities in the major treat-
ment centres. The patients are also monitored after
pion treatment by follow-up periodic examinations for
late effects, but no unacceptable toxicity has yet been
noted. A list of the total treatment site statistics since
1982 is shown in Table X.

Table IX. Ace J results of randomized trials.

Site Total no. No. treated No. treated Total
required with pions with photons treated

Phase 3
Brain

Phase 3
Prostate

82

208

24

39

27

51

51

90

Table X. Summary of TRIUMF pion patient treatments
May 1982-December 1991.

Total number of patients
treated 1982-1991

Number of sites treated
Brain
Pelvis
Leg
Groinskin
Nasopharynx
Chordoma
Schvvanoma
Parotid
Meningioma
Temperal bone adeno ca
Melanoma rt. antrum

Total number of sites

262

128
125
5
1
3
1
1
3
1
1
2

271

A proposal for a proton beam facility at TRIUMF
has been completed and endorsed by the B.C. Can-
cer Agency Administration and the Board of Trustees.
This proton proposal will be an amalgamation of the
existing beam lines 2C and IB to provide a versatile fa-
cility to cover treatments of large deep-seated tumours
as well as small eye tumours. Proton therapy facilities
are now being planned or commissioned in many can-
cer centres around the world. It is expected that with
the technical expertise of the TRIUMF Cyclotron di-
vision and the experience in charged particle therapy
of the Pion Therapy group, a treatment facility can be
constructed at a significantly lower cost than those in
other centres.
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Fig. 152. A scatter plot of the treatment time vs. treatment
volume for all the brain trial patient treatments. It can be
seen that there is a minimum time of about 10 min. required
for "zero" treatment volume. This represents the dose that
is required to cover the surrounding volume in order to
generate uniform dose inside the treatment volume.

A series of biomedical experiments using the
biological-response modifier (SPG) (Sonifilan, Schizo-
phyllan) were performed after the daily patient treat-
ments during the past year. This is part of the ongo-
ing collaboration with a group of Japanese physician-
scientists to evaluate the usefulness of the drug SPG
in combination with radiation therapy. For 1991, the
study was under the direction of Dr. T. Inomata of the
Kochi Medical School. His findings confirmed the posi-
tive results obtained by other workers in previous years
and are detailed enough to provide some quantitative
dosage information of the use of SPG.

The major event on the technical side is the arrival of
the SPARC Station 2 of the SUN microsystem in mid-
April. This was acquired through the Give-Us-The-
Tools Campaign launched by the B.C. Cancer Agency
in 1990. It was a gift from B.C. Hydro and is dedi-
cated to the pion therapy program at TRIUMF. The
primary use of this system is to enable on-site viewing
and modification of pion treatment plans at TRIUMF.
Because of various limitations, CT scanning and ba-
sic treatment planning have to be performed at the
Cancer Agency, but last minute changes can now be
implemented directly at TRIUMF just prior to treat-
ment. Such changes were previously very inconvenient
or impractical because they had to be referred back to
the Agency eight kilometres away. With a fast com-

DEPTH OF TUMOUR CENTRE (cm)

Fig. 153. A scatter plot of the thickness (i.e. range in depth)
of tumour vs. the depth of tumour. There appears to be a
systematic increase in tumour size as the depth of tumour
increases.

puter dedicated to biomedical use at the medical an-
nex, we have also started to incorporate other imaging
information such as MRI and PET to provide more
input to the treatment planning process. A direct link
to the SPARKS terminals of the PET group has been
installed to facilitate on-line transfer of such data.

This was the last year in which the pion therapy
project was under the leadership of Dr. George Good-
man, who has been the project director since 1980
and was one of the chief architects for the biomedi-
cal program at TRIUMF. He retired in July after over
30 years of distinguished service at the B.C. Cancer
Agency. Our new director is Dr. Christopher Fryer, a
pediatrician, who is the head of the section of develop-
mental radiotherapy at the Cancer Agency.

Isotope production group

500 MeV isotope production facility

For more than a decade the 500 MeV isotope produc-
tion facility, adjacent to the TNF, has routinely pro-
duced radioisotopes by spallation on such targets as
Mo and CsCl (producing 82Sr and 127Xe respectively).
The system has worked well with few problems. How-
ever, since the facility is not easily serviceable it was
decided to construct a duplicate thimble assembly that
would be fully tested and ready for replacement should
a serious problem arise. Work began on ordering parts
during the summer. By late fall these were available
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and construction proceeded on building the thimble
in the "vertical injector tower" next to the TNF (as
was done for the original assembly). Completion of this
project is anticipated by spring of 1992.

CP42 facility

The planned shutdown of the CP42 was eventually
realised in July/August over a six week period where
many upgrades were made to the cyclotron and build-
ing systems. This, together with the ongoing insula-
tor failures, caused the 1991 annual beam delivery to
be only 0.81 Ah. After the shutdown, a combination

I H Fourth Quarter

C D Third Ouartar

i H SaoonO Quartar

i K Flrtt Ouartar

10*3 1084 109ft tOa.6 1007 1001 10*0 1000 1001

Fig. 154. CP42 quarterly production. Annual production
given above bars.

of cleaning the tank, moving the position of the in-
sulators, and the use of BeO as insulator material re-
solved the problems we had with insulator failures and
thereafter, production resumed at close to 180 /iA. An
examination of the time evolution of the CP42 beam
production (Fig. 154) and the weekly beam delivery for
1991, (Fig. 155), indicates the increased performance
after the shutdown. Mainly due to this shutdown and
the insulator failures in the first half of the year, down-
time and maintenance consumed a significant portion
of the time (Fig. 156).

During the shutdown period numerous tasks were
performed including the following:

• The top magnet coil which had partially shorted
and was being boosted with an auxiliary power
supply showed signs of further failure. The coil
was therefore replaced with the spare we had pur-
chased two years ago.

• The tank was cleaned of oil and other debris under
and between the dees, liners, coil, etc. This helped
put an end to the insulator problems that plagued
operation up until the shutdown.

• The new P13 beam line was installed by EBCO
and commissioned.

• The new solid target stations were installed on
P13 (in its new cave) and at S5. A new pneumatic
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Fig. 155. 42 MeV beam delivery, 1991.
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Fig. 156. CP42 operational hours, 1991.

transfer system and receive stations were simulta-
neously commissioned.

• Cave services (air and water for targets and
switching magnet) were moved outside of the ra-
diation area.

• The CP42 chiller system was upgraded (new com-
pressor, heat exchanger, controls, etc.). A further
two-day shutdown (in the fall) was required to
complete this.

• The chemistry annex air intake was changed such
that 100% fresh air is now used (previously a mix-
ture of fresh and used meson hall air).

• The CP42 hydraulic package was replaced. The
new system is outside of the radiation areas.

• The air extraction system for the caves and vault
were made more comprehensive by installing in-
dependent exhaust ducts to each radiation area.

• The TR30 and CP42 hot cell banks were con-
nected by an intercell pneumatic transfer system
for moving irradiated targets to the appropriate
processing cells.

Mainly due to the summer shutdown, the radia-
tion dose to the group (148 mSv DRD) and helpers
(106 mSv) this year is high. However, the improve-
ments made as a result of all this effort will greatly
reduce the future doses to those working on the CP42.
In particular, radiation fields in the CP42 vault have
dropped significantly (from possibly as high as 5 to
~0.1 mSv/h) as a result of the removal of the P13 tar-
get station into its own irradiation room.

TR30 facility

Full beam intensity on both beam lines (175 /xA +
175 //A) simultaneously became routine early in the

year. Shortly thereafter simultaneous extraction onto
asolid target (175 (iA) and the Xe gas target (125 /iA)
also was incorporated into the nominal schedule. Dual
energy extraction was also achieved at full intensity for
commissioning in the spring. In general, commissioning
and work on deficiencies were completed by EBCO and
TRIUMF (mostly in parallel with production) in the
first half of the year and complete control of the TR30
system then became the responsibility of the Isotope
Production group.

The 1991 beam delivery was 1.84 Ah which sets a
"bench mark" for future years of full production on this
machine. The change to dual beam at the beginning of
the year is clearly visible in the weekly beam delivery
(Fig. 157). Maintenance (including development) and
repair time during scheduled isotope production peri-
ods (Fig. 158) was minimal when compared with that
for the CP42. The major obstacles we had were related
to instabilities in the main magnet power and the rf
which tended to limit the beam we delivered. These
problems are progressively being understood and sys-
tematically removed as obstacles to increasing the over-
all TR30 output.

The solid target systems, in use on both the CP42
and TR30, are now also being produced by TRIUMF
and Nordion for other isotope production cyclotrons.
In addition, development of a higher intensity (400 /iA)
solid target system has started. It is planned to have
the prototype running on the TR30 by the end of next
year and thereby more fully exploit the capacity of this
cyclotron.

Radioisotope processing (Nordion)

During 1991 Nordion International began using the
increased productive capability of the TR30 as it went
to routine dual beam operation. Production of 201TI,
123I, 67Ga, m I n and 57Co reached record levels. Also
during 1991 a major effort was undertaken to improve
the purity of our l n I n so that it now meets the very
high standards required for monoclonal antibody la-
belling. Production of 82Sr using the 500 MeV cy-
clotron has also increased due to the growing use of
the 82Sr/82Rb generator in PET.

Nordion also had a good year in 1991 for technology
sales, particularly the patented 123I production system.
The TRIUMF solid target system is also in the process
of being commercialized for sale to others.

Nordion expanded its capability to produce pharma-
ceutical products based on its radioisotopes, particu-
larly 123I. This included the validation of a new clean
room facility.
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Positron emission tomography (PET)

The big news for the PET program this year was
the announcement from the Provincial Government
through the Ministry of Advanced Education, Training
and Technology that they would provide the remaining
funds necessary to purchase a new tomograph. Shortly
after this announcement the PET group completed ne-
gotiations with Siemens Medical Systems to purchase
their 953-B/31 positron tomograph.

This event concluded a long process of raising nearly
$3 million from four sources including the Medical
Research Council of Canada, the Univ. of British

Columbia, Siemens of Canada and the Province of
British Columbia.

The new 953-B/31 tomograph was delivered to the
UBC campus on October 3. The new scanner has 6 mm
resolution in all three directions with 31 slices span-
ning a field of view of 10.8 cm. The interplane septa
can be retracted automatically, enabling data to be
acquired in three-dimensional format instead of the
standard slices. The Tomograph Development group
at TRIUMF and SFU has been working on 3-D re-
construction software for a number of years. In fact,
the Siemens software for reconstructing the 3-D data
is based on the algorithm developed by Kinahan and
Rogers. The Siemens contribution was made, in part,
because of the interest by Siemens in having this soft-
ware field-tested with data collected on their scanner.

Efforts continued on making corrections to data col-
lected on the PETT VI for both the primate and hu-
man FDOPA studies. The technique involves acquiring
data at the end of a protocol in several additional po-
sitions. The data in the different positions can be fit
to a Gaussian-type function which can then be used to
determine the correction factor to be applied to correct
for the fact that the response within a slice is not uni-
form. This work was presented at the annual Society
of Nuclear Medicine meeting in Cincinnati in June by
Ken Buckley. Dr. Vesna Sossi has been applying this
idea to human data.

June was an important month for presenting the
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work on modelling for the PET group. The first pa-
per was presented by Dr. Grace Chan on the blood
analysis technique that we use in the fluorodopa scans
to quantify the amount of 18F-fluorodopa in plasma
as a function of time. Dr. Chan also had a full length
article on this method accepted for publication in Life
Sciences.

Dr. James Holden, a collaborator from the Univ.
of Wisconsin, presented a paper on the multi-
compartment model of the kinetics of fluorodopa at
the International Society of Cerebral Blood Flow and
Metabolism meeting in Miami. Dr. Holden also pre-
sented a report on the work with 3-0-methyl fluo-
rodopa in primates at the Society of Nuclear Medicine
meeting in Cincinnati.

In related work, Mike Adam presented a paper
on another iodinated analog of dopa as a potential
dopaminergic system tracer at the same Cincinnati
meeting.

Dr. Barry Snow, a neurologist at UBC, returned in
April from a six-month stay at the Hammersmith Hos-
pital Medical Research Cyclotron facility in London,
UK. Dr. Snow completed work on two projects that can
have a significant impact on the UBC program. One
involves the matching of scans from different subjects
using a principal axis transformation algorithm and
the other project makes it possible to display the fluo-
rodopa scans as K maps. These displays are the pixel
by pixel representation of the uptake of fluorodopa in
the brain.

With the CP42 cyclotron shutting down for major
repairs in July for six weeks the effort was shifted to
preparations for a new n C target and the fluoride tar-
get for nucleophilic reactions.

At year's end the first human scan using UC-
raclopride was obtained. Raclopride will be used to as-
sess the integrity of the D-2 receptors in various move-
ment disorders.

Tomograph design

This year saw the consolidation of the work on PET
detectors and on 3-D PET image reconstruction which
we started last year, culminating in four papers from
the group presented at the IEEE Nuclear Science Sym-
posium (NSS) held in Santa Fe in November.

One paper entitled "An improved multicrystal 2-D
BGO detector for PET" [Rogers et a/., Conf. Record,
IEEE Nuclear Science Symp., Santa Fe, November 5-
9 (IEEE, New York, in press)] describes the existing
block detectors and proposes the ultra high resolution
256 crystal blocks, of which we already have the first.
Two more are promised shortly from CTI.

The paper "Characteristics of the new YAIO3 com-
pared to BGO and GSO" [Ziegler et a/., ibid.] discusses

the new fast, bright, cheap scintillator from the Kur-
chatov Inst. in Moscow. This paper was the result of
an international collaboration between S. Ziegler from
the German Cancer Research Inst., the Kurchatov Inst.
and TRIUMF.

Our new 3-D PET image reconstruction algorithm
is presented in "Analytic image reconstruction in PVI
using the 3-D Radon transform" [Stazyk and Rogers,
ibid.]. This paper describes a new fast backprojection
method using Radon transform inversion.

In 3-D PET image reconstructions, alternative 3-
D scatter correction methods are described and com-
pared in the paper "Scatter correction for positron vol-
ume imaging using analytic simulation" [Barney et ai,
ibid.]. This work forms a major part of Mr. Barney's
Ph.D. thesis which he hopes to complete by mid-1992
at Simon Fraser Univ. under Dr. Harrop's supervision.
We plan to incorporate the scatter correction tech-
niques into our new 3-D reconstruction algorithm.

During the year we used funds from NSERC and
Simon Fraser Univ. to build up a network of four
SUN workstations for image reconstruction, display
and analysis. Our work on parallelization to speed
up computations, entitled "Use of transputers in 3-
D PET" [authors, etc.] was recently published in the
IEEE Trans, on Medical Imaging. We are also consid-
ering other methods to speed up the computations and
we have just installed a CSPI supercard co-processor
into one of our SUN workstations. This supercard is
used by CTI/Siemens for their 3-D reconstruction al-
gorithm for the Siemens 953B tomograph recently pur-
chased by UBC. M. Stazyk and J. Rogers visited CTI
in Knoxville, Tennessee for two weeks to work on 3-
D reconstruction software and we hope to develop our
algorithms on the same hardware.

The TRIUMF/SFU Tomograph Develop-
ment group's achievements have been recognized by
the award of a new NSERC strategic grant for three
years to M.S. Atkins (principal investigator), R. Har-
rop and J. Rogers. The award, entitled "Medical imag-
ing for diagnosis and therapy" will be used to continue
our work on 3-D PET and extend into other areas such
as cancer therapy, SPECT and disease diagnosis.

During 1991 we began collaboration with the B.C.
Cancer Agency and with Dr. Chris Fryer who has taken
charge of the pion therapy program after Dr. G. Good-
man's retirement. Dr. Atkins spent part of her current
sabbatical (spent mostly at TRIUMF) visiting the Ger-
man Cancer Research Agency in Heidelberg, Germany,
and we plan to extend our collaboration with them
through further visits. Dr. Harrop's expertise in radi-
ology will be particularly useful.

Dr. AnnaCeller joined our group in 1991, working at
Vancouver General Hospital with Dr. Brian Lentle on
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problems of scatter in SPECT images. We hope that
some of our scatter corrections for PET can be applied
to SPECT.

C. Dykstra, a Ph.D. student at SFU, is involved with
medical research into alternative data analysis tech-
niques from brain data, particularly with metabolic
data obtained from PET and SPECT imaging.

TRIM and beam line 2C

Work on iodoglucose analogs and iodonucleoside an-
tiviral analogs continues. Both were awarded research
grants from the B.C. Health Care Research Founda-
tion. A new program was commenced to study radio-
pharmaceutical peptide hormone analogs labelled with
123I and l n I . In the first peptide used, octreotide, a
known compound is useful in tumour imaging and ther-
apy. The specificity is similar to that of MIBG but is
applicable to additional classes of tumours and shows
greater localization than MIBG. The peptide work is
a collaboration between TRIUMF, the MRC Peptide
Hormone Research Group at UBC, and Vancouver
General Hospital. Preliminary work on new muscarinic
adrenergic receptor compounds was carried out, show-
ing promising results which are the subject of a future
grant proposal. Work continues at VGH using fatty
acids and analogs developed at TRIUMF for heart
disease-related research. Researchers at the University
of Alberta, Edmonton, have begun a collaborative in-
vestigation with TRIUMF and VGH of the new nu-
cleoside drug IAZA, which shows promise for imaging
evaluation of oxide-deprived tissue of the type found
in tumours and heart disease.

An article on iodoglucose analogs was published in
the Journal of Labelled Compounds and Radiophar-
maceuticals. An article on meta IPPA was accepted
for publication in the International Journal of Applied
Radiation and Isotopes.

Each of the successive years since the close of ra-
dioiodine production by spallation (in 1982) has been
a period of new development, first in construction and
testing of beam line 2C facilities and later in the evo-
lution of new isotope products. 1991 was no exception
to this escalation in variety and performance.

The new beam extraction probe has seen extended
operation at high beam levels (up to 50 /iA) and with
several tripping foil shapes. In normal operation to the
solid target facility 30 to 50 /iA is extracted at 80 to
100 MeV with the other two cyclotron beams in full
operation. Under these conditions the total circulat-
ing beam of about 200 fiA is the present limit of ion
source 1 for the injection line. It is hoped that this re-
striction can be removed so that BL2C currents can
rise to 100 //A in 1992. Another new development to
be exercised this year was the VAX-based, object ori-

ented control program Vista, described last year and
elsewhere in this report. Only the basic features of the
program have been used so far but enough has been
learned to realize that user manipulated graphics inter-
faces are the future for complex control systems such
as will be used in KAON. For BL2C, it has been useful
to attach, on-line, such software tools as graphical elec-
tronic strip-charts to temperature and beam spill moni-
tors while testing new beam tunes. Vista colour graphic
screens have made it easy to observe the performance
of 30 to 40 devices simultaneously. Until 1991, TRIM
radiostrontium had been produced by bomarding ru-
bidium chloride, but it was soon realized that these
targets rapidly deteriorated in fluxes exceeding 10 fiA
because of the poor thermal conductivity. As a conse-
quence, we have developed a metallic rubidium target
which can safely operate at high beam currents with-
out decreased yields. In fact, the radiation fields from
these targets has exceeded conditions for safe operation
of the TRIM hot cell in the interim chemistry labora-
tory. With the culmination of the strontium-rubidium
generator research program, operations and the tech-
nology have been transferred to Nordion International
for commercial exploitation. The TRIUMF hardware
and chemical process has been licensed to Nordion by
the U.S. Food and Drug Administration. In December,
the first rubidium target exceeding one Curie of 82Sr
was successfully processed by Nordion. We have also
submitted a journal article detailing our process and
the generator developments discussed below.

The positron emitting nuclide (PET) generator de-
velopment program reached a milestone this year. The
principal remote user of our generators was the Medi-
cal School at the Univ. of Washington, where a math-
ematical model was developed for the basic transport
properties of rubidium in vivo. With the advent of clin-
ical PET facilities in the next years it seems that Sr-
Rb generator will play a central role in the diagnoses
of coronary artery diseases. Figure 159 is a sketch of
the TRIM generator of the type tested at the Univ. of
Washington and the Inst. for Biophysics in Moscow.
These devices have been loaded with more than 100
mCi of radiostrontium and performed flawlessly for pe-
riods up to two months in the user clinics. Our gener-
ators have been optimized to yield the full charge of
rubidium in the smallest volume of eluant, a condi-
tion necessary for animal and separated organ studies.
This is also an advantage for most human studies. An-
other feature is that there is no organic material in
our systems. This virtually eliminates the possibility
of pyrogens from radiolytic degeneration of generator
components.

As with many other research groups at TRIUMF,
1991 has seen increased collaborative effort with our

142



GENERATOR BODY

DEPLETED URANIUM SHIELD

Fig. 159. TRIM generator.

Soviet counterparts. Two TRIM members visited the
medical institutes and several physics laboratories in
the Moscow area in September, 1990. An agreement
to collaborate and share research results for the im-
provement of health care in both countries has been
signed. Soviets visited the TRIM group in 1990 and
1991. The first joint experiments have been completed
and the results are being prepared for suitable disclo-
sure. TRIUMF is assisting the Inst. for Nuclear Re-
search in Moscow to open a new nuclear medicine clinic
near their laboratory at Troitsk. This facility will be
able to utilize new medical radioisotopes from INR for
public benefit as well as perform medical research in a
relationship similar to that between TRIM and Van-
couver hospitals. We look forward to continued fruitful
collaborations.

Microstructures and electronics

The laboratory status, device development and
progress with ihe Expt. 787 GaAs CCD transient dig-
itizer project are described in this report.

The laboratory uptime status for the year fluctuated
between 15% and 50%. A 15% uptime occurred at the
beginning of the year. This reduced uptime was primar-
ily a result of problems associated with using turbo-
molecular pumps for the high vacuum systems on both
the e-beam evaporator and the rf magnetron sputtering
machine. The problems with the high vacuum systems
were solved by replacing the turbo-molecular pumps
with cryopumps, thus bringing the laboratory uptime
to approximately 50%. Further improvements to the
performance of the laboratory await the return of a
TRIUMF operating budget for the Microelectronics
group.

The device development program consists of two cat-
egories: (1) the GaAs CCD and (2) the integrated

semiconductor detector.
The GaAs CCD program has been directed at de-

veloping improved performance devices. Two devices
have been investigated: (a) a heterojunction CCD and
(b) a reduced leakage current CCD. The heterojunc-
tion CCDs were fabricated and shown to operate and
will form the basis of W. Wohlmuth's thesis. The re-
duced leakage current CCD was produced recently and
demonstrated to operate with lower leakage currents
but requires a more sophisticated fabrication process
for its production. The efficient Uniphase operation of
GaAs CCDs was also devised. The exploitation of this
method of CCD operation awaits a return of the ap-
propriate TRIUMF budget to allow the necessary de-
velopment.

The integrated semiconductor detector research was
aimed at developing a pixel array system. The cur-
rent concepts utilize AlGaAs/GaAs multiple quantum
well (MQW) structures to provide imaging areas with
electron gain and optoelectric readout capability. An
AlGaAs/GaAs epi-wafer has been produced and will
be used for the initial device fabrication attempts.

The development of the Expt. 787 transient digitizer
system is proceeding and is scheduled to provide equip-
ment during 1992 and 1993.

TECHNOLOGY AND SITE SERVICES

The Technology division offers site-wide support in
safety monitoring, project planning and design as well
as the services of the machine shop. The work load of
these support groups is very high as they cope with
the priorities of a dynamically paced project.

Safety program

Licensing

There were no major licensing actions this year. The
TRIUMF radiosiotope license came up for renewal in
November and was extended to January 31,1992 to al-
low the Atomic Energy Control Board sufficient time to
review all the documentation submitted by TRIUMF.

The TRIUMF Safety Advisory Committee (TSAC)
met eleven times during this year and made several rec-
ommendations. The most significant was that a more
rigorous inspection and maintenance program be in-
stituted for all mechanical lifting devices at TRIUMF.
TSAC also examined the impact of a proposed change
in the Atomic Energy Control Regulations which would
reduce the annual allowable dose to workers from
50 mSv to 20 mSv. A subcommittee of TSAC recom-
mended that no major policy change was required at
TRIUMF principally because there had been no un-
planned doses above 20 mSv during 16 years of TRI-
UMF operation.
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Training Table XI. Collective dose by TRIUMF service groups.

The TRIUMF Radiation Protection Training pro-
gram continued all year despite the loss of the TRI-
UMF Safety group training officer. The course was of-
fered 6 times and a total of 56 people successfully com-
pleted the course including the exam.

Interlocks

The access control interlocks for the new P13 target
cave for the CP42 radioisotope production cyclotron
were completed. Because this target cave receives beam
from the CP42 cyclotron but shares a shielding door
with the TR30 cyclotron south target cave, both the
CP42 and the TR30 access control systems had to be
modified. Some additional modifications were made in
order to prepare for interlocking the target transfer sys-
tem so as to prevent targets being sent into the target
caves when they are open for access. The access control
system now also sends information about the position
of all shielding doors to the ventilation system so that
this system can adjust the air flows so as to always have
flow into those areas which contain the highest levels
of radioactivity. This will help to prevent the spread
of radioactive contamination when the shielding doors
are moved.

The status of all the M9 channel beam blockers is
now displayed in the 500 MeV cyclotron control room
as well as at the area safety unit.

Personnel dosimetry

The collective dose for TRIUMF operations as mea-
sured by the TRIUMF direct reading dosimeters was
924 mSv for 1991. The "official" dose record is not
available because a shortage of dosimeters has delayed
the reading of the quarterly BRMD badges by sev-
eral months. Table XI shows the breakdown of the col-
lective dose by TRIUMF service groups. Only one in-
dividual from the Isotope Production group exceeded
the TRIUMF guideline of 10 mSv per year and all but
three of the workers in this group now have a career
average less than 10 mSv per year. This improvement
has come about mainly because of the very low dose
associated with the operation of the TR30 cyclotron.

Radiation monitoring system

The radiation monitoring system for the 500 MeV
facility had been upgraded in the previous year by re-
configuring the system in two CAMAC crates. The
remaining TRIM AC which controlled CAMAC crate
RMS2 was replaced by a CES Starburst microproces-
sor. The code which processes the beam spill monitor
signals is now written in FORTRAN and will be much

Operation

Radioisotope
Production

Total

500 MeV
Operation

Total

Total
Grand Total

Group

Radioisotope Production
Nordion International
PET

Operations
Remote Handling
Diagnostics
Beam Line Engineering
Experimenters
RF
Vacuum
Plant
Engineering Physics
Machine Shop
Cyclotron Development
Mechanical Engineering
Experimental Support
Other

Outside Contractors
Safety

% of Cumulative
dose equivalent

15.5
17.4

1.9
34.8

7.6

7.5

4.0
7.2
5.3

4.4
3.4
3.7
1.8

1.3

1.5
0.9
1.5

9.2
59.3

2.9
3.1
6.0

100.0

easier to modify. All information from the radiation
monitoring system is now displayed and logged in S.I.
units.

In preparation for transferring the radiation moni-
toring system display and datalogging tasks from the
micro-P DP-11/73 to a micro VAX the datalog software
was modified to accept the new data structures from
the Starbursts. The radiation monitoring datalog sys-
tem also obtains some data from the control system
and this software was rewritten in FORTRAN-77 for
the controls micro VAX 3500. Much of the display soft-
ware has been written to interface a new Conrac mon-
itor to the Starburst systems. Because the graphical
subroutine library for the Peritek system is written
in the C programming language most of the display
software has also been written in C. The plans are to
complete this phase of the work by the spring, 1992
shutdown.

Radiation monitoring

Radiation monitoring activities continued at a high
level all year. The TR30 radioisotope production cy-
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clotron surpassed the CP42 in production capacity.
This increase in radioactivity production resulted in
an increase in the workload for the radiation monitor-
ing crew as all systems such as the effluent monitoring,
etc., needed increased attention.

The TR30 is proving to be an excellent machine from
the radiation protection point of view. Radiation fields
in the cyclotron vault with the cyclotron off are domi-
nated by the short-lived fields from the 20 minute 11C
radioactivity in the graphite collimators in the beam
lines and by the low levels of contamination migrating
from the target caves. The radiation field from the in-
duced radioactivity in the cyclotron and the concrete
walls is less than 0.01 mGy h"1 one hour after end of
beam.

TISOL also needed increased attention as the beam
currents to this facility approached 1 fiA. The con-
crete shielding above the target/ion source was im-
proved to handle the higher beam current but future
improvements in target handling are needed to reduce
the dose to personnel servicing the target/ion source
before additional increases in beam current can be con-
templated.

The Mil septum magnet repair and the repair of
the quadrupole triplet downstream of BL1AT2 re-
quired much radiation monitoring support. The col-
lective dose for the septum magnet repair was almost
three times as great as had been estimated before the
repair started.

Industrial safety

A total of 118 work-related injuries were treated by
TRIUMF first aid attendants in 1991, down approxi-
mately 10% from 1990 and down 30% from 1989. There
were three disabling injuries resulting in lost time for
this period, a reduction of 50% over the previous year.
Two of these injuries accounted for eight days lost time,
however, the third resulted in a long-term disability
due to back injury and has so far accrued 192 days
lost time. Upper extremity injuries (fingers, hands and
arms) continue to comprise the majority of all injuries,
accounting for 49% of the treatment total, while lower
extremity injuries (feet and legs) comprise 16% of the
total. Eye, head and back injuries were reduced from
1990 totals, numbering 8, 6 and 17, respectively, com-
pared with 9, 15 and 20 in 1990. The general annual
frequency rate was 13.0 injuries per 100 workers, down
slightly from 1990 (14.2) and 1989 (16.1). The severity
rate or lost time due to injury increased substantially
to 22.2 days from 2.2 days in 1990 and 4.2 days in 1989,
as a result of the single aforementioned injury.

The TRIUMF Accident Prevention Committee
(TAPC) continued to meet monthly and perform reg-
ular site safety inspections. Safety infractions observed

during these inspections resulted in the issue of 84
safety deficiency reports to appropriate personnel. The
reports were tracked and over 90% of the infractions
cited have been resolved.

An ongoing training program for instruction and
practice in the use of portable fire extinguishers was
instituted in conjunction with the UEL Fire Depart-
ment. Approximately 40 staff members have attended
to date.

Building program

The last major construction project on the TRIUMF
site was the extension of the Nordion production fa-
cilities consisting of the underground structure for the
TR30 cyclotron and the extension to the chemistry an-
nex. This work was completed in December, 1990.

As all attention shifted towards the anticipated ap-
proval of the KAON Factory, no new buildings were
constructed or designed in 1991.

Major projects requiring design, tender and con-
struction supervision occurred throughout the year:

• The first three rooms on the north mezzanine floor
in the meson hall were modified in support of the
CHAOS project.

• A design drawing was prepared for Nordion In-
ternational for the construction of two additional
offices in the recently completed chemistry annex
extension.

• The Building department designed and tendered
a steel platform to support the hot cell exhaust
duct and filters for the Remote Handling group in
the meson hall extension.

• A second steel platform of approximately 30 ft x
10 ft was designed to replace the existing wooden
power supply platform in the proton hall exten-
sion. The existing platform was inadequate in size
and construction and presented a fire hazard.

Preliminary design proposals, together with budget
cost estimates, were prepared for the possible acquisi-
tion of more trailer units to serve as laboratory space
for the Microstructures group.

Much time had to be devoted to maintenance of the
existing TRIUMF buildings and the site. Many build-
ings are now 20 years old and are frequently in need of
upkeep.

Many services drawings which frequently require up-
dating have, duri;.£ the past year, been regenerated on
the CAD system. Some of these computer-generated
drawings are the site plan, underground services, key
identification and room identification plans for all TRI-
UMF buildings.
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Design office

Experimental Facilities received almost 80% of the
14,000 design hours available. As was the case last
year, the TISOL expansion/upgrade and the second
arm spectrometer (SASP) accounted for the majority
of this effort. The Brookhaven Expt. 787 drift cham-
bers, the beam line 1A triplet and the Mil septum
magnet services were also significant projects.

One person was dedicated to probes design for the
Cyclotron division.

Other major projects included the intercell trans-
fer/receiving station for the Isotope Production group
and modifications to the KAON ferrite tuning cavity.

Machine shop

The TRIUMF machine shop, with a compliment of
24 staff members, produced, fabricated and machined
components worth over $92,000.00 per month this year
for various on-site groups. The distribution by divi-
sion and other groups is shown in Table XII. With
the exception of our burning section, we were fully
loaded throughout the year. In addition, more than
$335,000.00 worth of work was subcontracted through
the machine shop to local industry. This represents an
increase of more than 20% over last year.

Priority continued to be assigned to specialized jobs
with requirements peculiar to TRIUMF that are not
found in outside shops. We will be expanding in 1992
with an electron beam welding machine currently being
completely overhauled for our use.

During the year we installed a 16 in. optical pro-
jector with the latest N.C. controls in our Inspection
department.

Table XII. Machine shop utilization 1991.

Cyclotron
Science
Nordion
Affiliated Inst.
Applied Program
Technology
Ebco
Other
Total

45.2%
36.6%
6.7%
5.1%
1.4%
0.7%
0.6%
2.7%

100%

Planning group

In 1991 considerable effort was spent by the Plan-
ning group in planning and coordinating the shutdown
activities for the spring and fall shutdowns and drawing
PERTs related to the KAON Factory project, 500 MeV
cyclotron and the experimental facilities. Earlier in the

year, the Planning group was involved in designing and
implementing an information system for compiling and
billing non-TRIUMF work. Since then we have been in-
volved in monitoring this on a bi-monthly basis, mak-
ing sure that all non-TRIUMF work is billed to the
appropriate accounts.

PERTs

Progress on each PERTed project is generally de-
scribed elsewhere in this report under the principal
group involved. A list of projects which required a large
part of the Planning group's effort is as follows:

• KAON Factory Project Definition Study (KF-
PDS)

• KAON Factory five year PERTs

• TISOL facility upgrade

• Second arm spectrometer

• Parity experiment

• CHAOS

• OPAL

• Nitrogen detection systems

Shutdown activities

There were two shutdowns during this year, one in
the spring and the other in the fall. The spring shut-
down took place from March 27-May 23, with cy-
clotron tank jobs taking place from April 3-16, The
major activities completed in the tank included rf
booster work, installation of magnetic channel # 1 , 2C
extraction probe work, installation of DCD, Q2 rad.
flag work, as well as some maintenance work on the el-
evating system. There was a successful three-day mag-
netic channel test (with beam) following the comple-
tion of lid up work. Other tests that were successfully
completed included a high current DCD test and three
separate rf booster tests. The major jobs completed
in the experimental areas were a septum magnet wa-
ter leak repair, upgrade of twister magnet connectors,
TISOL work, SASP work, magnet hose replacement,
O-ring seal changes, filter changes and MRO-related
jobs. The total dose for the shutdown was approxi-
mately 163.43 mSv.

The fall shutdown was scheduled from September
25-November 29 with the cyclotron tank jobs taking
place from September 30-October 15. The major activ-
ities completed for the cyclotron included installation
of eight new resonators, repair of booster feed through,
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repair of vacuum leak at EX-4 probe housing, overhaul
of EX-1 and EX-4, and MRO-related jobs. Booster
power tests, scraper foil aperture measurements and
booster tests with beam were successfully completed
following the cyclotron tank activities. The major jobs
completed in the experimental areas were repairs of
septum magnet and 1AQ9. However, a spare septum
magnet had to be prepared for installation along with
the vacuum box, flanges, etc. because the old septum
was not operational and was found to be too difficult to
repair. Repairs to 1AQ9 had to be abandoned because
of several corrosion problems and hifh radiation levels.
A spare quadrupole with a new vacuum box was recon-
figured to fit the old 1AQ9 specifications in terms of
electrical bus bars, waW headers and interlock wiring,
etc. A two-week delay was experienced due to several
problems associated with components not fitting prop-
erly at the 1AT1 area. Other jobs completed include
repair of M15 slits, rewiring of Mil Ql, Q2, repair of
Mil jaws, repair of water leaks in M8 triplet, M20 Bl
and 2C Q4, Q5, TISOL work and MRO-related jobs.
The total dose for the fall shutdown was approximately
260.0 mSv.

Cost centre analysis

The work load in the machine shop was quite heavy
and approximately 4.36 person years equivalent work
was subcontracted to local machine sliops. The target
station for the Applied Program was a fairly big job
and more than 75% of it had to be subcontracted to
meet deadlines. About 82% of the total machine shop
effort was spent on cyclotron, major projects and Sci-
ence division activities. The machine shop worked on
several specialized and rush jobs to meet the tight shut-
down schedule for beam line 1A associated with the
repairs and alignment of septum magnet and 1AQ9.

The major effort of the design office (up to approxi-
mately 80%) was spent on off site experimental sup-
port, major projects and Science division activities
(e.g. TISOL, SASP, CHAOS, Brookhaven Experiment
787, 1A triplet services and septum services). Only 50%
of the time of one designer was spent on Applied Pro-
gram activities this year.
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CYCLOTRON DIVISION

INTRODUCTION

One of the highlights for the Cyclotron division dur-
ing 1991 was the re-establishment, after the marginal
results in 1990, of reasonable reliability levels for the
operation of the cyclotron.

The number of hours of beam delivered or deliver-
able by the cyclotron and the total integrated beam
charge produced, came back respectively from 4269 h
and 250 mAh in 1990 to 4924 h and 353 mAh in 1991,
close to the average level of beam production main-
tained during the last 6 years (Fig. 160). However,
whereas the cyclotron behaviour improved substan-
tially, problems occurred with the beam line systems,
in particular with beam line 1, where extensive down-
time and rescheduling took place because of a series
of difficult problems not unusual with high intensity
proton beam lines in meson facilities.

Right after the spring shutdown a leak in the beam
dump region (TNF) spoiled the vacuum locally and in
the T2-TNF beam line. It was found that heavy water
from the moderator vessel surrounding the beam stop
was leaking from the vessel itself into the neighbour-
ing beam line vacuum. Thy heavy water was removed,
substituted with light water to maintain the cooling
function of the liquid and the leak mysteriously disap-
peared. Precious time was lost by beam line 1 users
and the moderator vessel is now an unreliable com-
ponent in the system. Another difficult problem was
the septum magnet downstream of Tl which peels off
a portion of the forward scattered TT mesons from Tl
for the Mil secondary beam line. Again a water leak
made operation precarious. A damaged spare septum
was overhauled, recommissioned and installed in the
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Fig. 160. Annual beam delivery.

beam line in the fall shutdown. The schedule was
tight, but realistic, until it appeared that the 1AQ9
quadrupole (downstream of Tl), the first elements of
Mil, and the triplet in BLl extension all had to be
overhauled, repaired, and reinstalled in the beam line.
The Beam Lines, Remote Handling and Mechanical
Engineering groups excelled with ideas, dedication and
workmanship and, with the helpful collaboration of
many individuals from other groups or divisions, were
able to bring back BLl to operation with only three
weeks of delay on schedule. Nevertheless the lesson was
extremely clear: there is a limit below which one can
not reduce resources, both in terms of manpower and
of funds for acquisition of spares or renewal of obso-
lete and old, damaged equipment. Below this limit the
cyclotron will not produce useful beam time. In partic-
ular the high intensity beam line, which is notoriously
the most delicate system in a meson factory, should be
given higher priority for remote handling design, and
design and replacement of inadequate equipment. Dose
exposure limitations may otherwise prevent major re-
pairs or interventions in the future.

A system where reliability has been marginal over
the last few years is the rf system. Here the priority
for improvements and developments was highest and
results have paid off. The beam downtime caused by
rf (136 h in 1991, compared to 597 in 1990) was the
lowest over the last 5 year period. The improved rf di-
agnostics, the beginning of the overhaul of the rf con-
trol circuitry and gradual, patient improvement of the
engineering design of weak or obsolete components are
the major factors responsible for the trend reversal in
rf reliability. It is essential that the improvement work
for the rf amplifier, controls, transmission line and res-
onator system continue. A highlight was the replace-
ment of eight resonator panels in position eight in each
quadrant, with more rigid and better cooled panels of
the new type. The replacement was flawless. The result
was improved rf behaviour in the tank, lower tempera-
tures on resonator panels and a factor of three improve-
ment in voltage stability, as indicated by the improved
stability of the time of flight of the beam through the
machine.

As during 1990, funds and resources for the devel-
opment and improvement of cyclotron systems were
extremely scarce, especially during the second half of
the year. Of the major projects only those where capi-
tal expenditures had been made during previous years
could be brought ahead with successful results. A typi-
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cal example is the new optically pumped high intensity
polarized ion source (14). The improvements here were
most dramatic. Whereas in 1990 the first attempts
of beam production with 14 failed because of inade-
quate reliability of the systems, 1991 started with a
very successful run for the ir production experiment.
The polarization for a 0.5 ns phase restricted tune was
50% at 500 nA current, and during the two weeks of
the experiment all systems were reliable and stable.
Modifications to the ion source extraction slit geom-
etry increased the polarization to 61% in May with
an extracted current of 5 ftA.. In September, after the
sodium cell had been replaced with a rubidium vapour
cell and dye lasers tuned to NaD line had been replaced
with RbD titanium sapphire lasers, polarizations up
to 78% and currents up to 5 /iA were observed at 230
MeV. Beam production occurred typically at levels of
75% polarization and 2.5 fiA intensity for the beam
extracted from the cyclotron.

Another major project where capital expenditures
had occurred in previous years and which there-
fore could proceed despite the lack of development
funds was the acceleration enhancement cavity (A EC)
project. The 92 MHz cavity was permanently installed
in the cyclotron tank during the spring shutdown, but
vertical electrical asymmetries caused excessive rf leak-
age at the fourth harmonic of the cyclotron rf, causing
high temperatures and minor damage to diagnostics,
cables or other mechanical devices during initial com-
missioning. During the fall shutdown the asymmetry
was mostly removed through good spring loaded rf con-
tacts between the upper and lower portions of the cav-
ity. With the AEC in operation a 1/3 reduction of H~
electromagnetic stripping beam losses was observed in
the 370-500 MeV region. This would allow increasing
the routine beam intensity from the present 150 fik
to 225 /iA, while maintaining present activation levels
in the cyclotron tank unchanged. Or, keeping present
intensity levels unchanged, one could reduce residual
tank activation very conveniently before modifications
for the H~ extraction system are commenced. Opera-
tion with the AEC at full power will be routine as soon
as the controls system is completed. This will complete
this major project.

The unique cavity allows other novel modes of op-
eration. In particular the cavity has been phased to
oppose the fundamental rf to produce a localized flat-
top in the integrated energy gain stabilizing the radial
resonance precession pattern during H~ extraction. In
another mode the cavity, at full power, has been used to
decelerate the beam. The corresponding strong phase
expansion has been observed to split the beam lon-
gitudinally into two bunches, without significant loss
of intensity. This verifies theoretical predictions and

simulation studies and opens up the potential of us-
ing the method to alter the time structure and/or the
frequency of the extracted beam for injection in a post-
accelerator for experimental requirements.

The H~ extraction project for KAON injection pro-
gressed well during the first part of the year, bank-
ing on previously constructed test equipment. In par-
ticular during the spring shutdown the first magnetic
channel was tested in the cyclotron with the electro-
static channel and performed according to predictions.
About 90% of the internal beam, which is the amount
clearing the pre-stripper protecting the electrostatic
channel septum, was transported through electrostatic
and magnetic channels without measurable losses and
reached a separation of 4 inches from the internal
beam. Magnetic channel 1 and 2, both active only, are
to be followed by four other partially passive channels.
The first of these, magnetic channel 3, is in an advanced
stage of design and is being constructed for testing in
the cyclotron tank.

High intensity extraction tests through the electro-
static channel showed that beam quality and stabil-
ity in the cyclotron have to be improved for KAON
high intensity injection. The major stumbling block
was the observation of higher than expected vertical
beam width caused in certain injection conditions by
the 11.5 HMz rf deflector. It was decided that empha-
sis has to be given again to cyclotron beam quality
and stability studies and improvements. These stud-
ies are welcomed by operators and users, since they
will make the present type of operation more efficient
and the production of the high quality beam for fu-
ture experimental program (CSB or parity violation
experiments) possible. In this area progress was so far
definitely resource limited, both because of the depar-
ture from TRIUMF of key manpower and lack of funds
for development.

The controls upgrade project did not receive the
funds anticipated at the beginning of the financial year.
In addition, four members (one third) of the group
left TRIUMF and only one replacement has so far
been authorized. This made things critical, to say the
least. Yet the group has worked very hard to satisfy
requests from Operations, from the Cyclotron Devel-
opment and H~ Extraction groups, from users with
their recent stringent stabilization feedback require-
ments, and all this by keeping a good record for re-
liability and making some progress in the upgrading of
an obsolete system, now almost prehistoric. In addi-
tion, two members of the group pursued the study of
new controls techniques, with object oriented analysis
methodology, and protyped the beam line 2C system to
test KAON design methods. The group should be com-
mended for their progress, described in this section and
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in the KAON PDS section of this Annual Report. Of-
ten progress was achieved at a hectic pace in a difficult
but very balanced effort, attempting to, but not always
succeeding in, satisfying too many demands with too
few people!

As in 1990, a few personnel in the division were in-
volved part time in projects of new facilities or ac-
celerators, i.e. post-accelerators for TRIUMF or small
accelerators for industry. Several key personnel collab-
orated on the KAON Factory Project Definition Study,
described elsewhere in this Annual Report. Others as-
sisted in the operation and design of TISOL and ISAC,
the TRIUMF proposed facility for radioactive ions. In
collaboration with industry, activities which were fi-
nancially profitable for TRIUMF, our specialists were
involved in the design and construction of a new high
intensity 30 MeV proton/15 MeV deuteron cyclotron.

Design and construction of a 13 MeV proton cy-
clotron for PET isotope production, a major project
supported in part by an MRC grant, in part by TRI-
UMF, and in part by industry, is being carried out in
collaboration with the Applied Program division. This
cyclotron will be used for the TRIUMF PET research
project.

Also, beam line 2C is now a financially self-
supporting effort. Production of a rubidium genera-
tor is now producing, as a by-product of TRIUMF's
high intensity beam operation, significant revenue at
present levels of 20 to 50 fiA 85 MeV proton cur-
rents. With more efficient targets and higher 2C ex-
tracted intensities, revenues could be increased to the
point where developments toward more efficient CUSP
sources in the high intensity production terminal would
be self-financed and available for higher and better
beam quality for all users and for KAON.

Another example of technology spinoff is the de-
sign, in collaboration with industrial and government
sources, of a high intensity, high brightness 2 MeV pro-
ton accelerator, where our source and high intensity
electrostatic acceleration expertise are being utilized
to the benefit of Canadian technology with substantial
potential economic impact. It is mandatory that the
expertise acquired in operating and developing a state
of the art facility like TRIUMF be available part time
for spinoff efforts in collaboration with industry. This
does not detract from the effort for the existing facil-
ity, but instead keeps TRIUMF's specialists working on
funded, state of the art projects, while the cyclotron
keeps operating, and the stage for KAON expansion,
or other proposed future facilities, is set.

BEAM PRODUCTION

The cyclotron was scheduled for 5356 h of beam pro-
duction with an availability of 92%. High intensity un-
polarized beam was scheduled for 3922 h, and polarized
beam was scheduled for 1434 h (Figs. 161, 162). An an-
nual beam charge of 353 mAh was delivered to meson
hall experiments (Figs. 163, 160). Table XIII, shows
the total beam delivered to each experiment during
the year. The optically pumped polarized source (14)

BEAM OPERATION 4.923.9

OTHER 508
MAINTENANCE 451 4

^ OVERHEAD 94.35

DOWNTIME 4299

STARTUP 105.65

SHUTDOWN 2.680

TOTAL = 8736 Hours

Fig. 161. Cyclotron operation for 1991.
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Fig. 162. 1991 hours of operation.
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Fig. 163. Beam charge delivery for 1991.
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Table XIII. Beam to experiments for 1991.

Experiment*

2C
2C4PROD

369
369
372
421
452
453
461
461
463
470
477
482
495
497
497

4BTEST
500
521
521
537
539
539
546
546
547
557
561
572
573
574
575
581
582
583
583
585
586
588
589
593
594
595
597
598
599
600
600
601
603

Channel

2C
2C
4A

4A/2
4A
4A

M9A
M20
M13
M20
M13
4B

M15
4B

M9B
4A
4B
4B

M20
M13
M15
M i l
M13
M15
M15
M20
M15
Mi l
M i l
M15
M20
M20
M9B
M20
M15
M13
M20
M15
M20
M20
4A
IB
4B

Mi l
4A

Mil
M13
M15
M20
M20
M15

h

1414.5
150.0
277.0

57.0
249.0

2187.0
253.0
93.0
35.0

270.0
207.0
47.0

140.5
59.0
92.0

139.0
184.0
138.0

1063.0
23.0

265.0
116.0
207.0
115.0
821.5
673.0
300.0
675.0
196.0
115.0
173.0
81.0

173.0
197.0
104.0
415.0
46.0

276.0

277.0
519.0
92.0

289.0
278.0
392.0
104.0
127.0
473.0

Scheduled

h (pol)

308.5
248.5

163.5

81.0
12.0

58.0

juAh

44300.0
5000.0

380.0

230.0
283925.0

35420.0
13020.0
4900.0

37800.0

6580.0
6.9

19670.0

19460.0
25760.0
19320.0

141120.0
3220.0

37100.0
16240.0
28980.0
16100.0

110930.0
94220.0
42000.0
96860.0
27440.0
16100.0
24220.0
11340.0
21690.0
27580.0
14560.0
58100.0
6440.0

72660.0

40460.0
38920.0
54880.0
14560.0
17780.0
66220.0

h

1656.1
143.7
217.3

40.0
84.0

1521.6
252.8

88.4
35.5

268.6
228.2

29.1

140.2
60.5
53.4

134.3
155.2
114.3
887.0

21.9
228.6

93.4
179.6
111.6
396.3
655.2
317.3
345.4
168.4
111.6
160.7
83.5
99.0

142.6
103.3
402.7

43.3
196.8

241.1
513.3

73.9
226.3
251.1
298.2

27.5
128.6
474.1

Delivered

h (pol)

32.0

216.45
268.5

104.4

76.0
4.1

82.6

/iAh

47195.8
6808.0

242.0

178854.0
35122.4
11512.1
4799.9

37288.3

4044.1
0.5

19131.1

18183.2
20546.3
14568.3

108873.0
3074.7

29994.0
10300.5
23870.2
15422.1
49654.3
87621.8
41674.2
46028.4
21417.8
15422.1
22358.4
11328.8
5641.4

17703.2
14279.6
54898.0

5749.1

70104.1

29137.2
31307.1
32623.1

594.5
17664.1
64783.4
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Table XIII. (confd)

Experiment*

604
605
606
606
607
608
608
609
610
611
612
613
614
616
617
619
620
621
622
623
628
629
631
642
643
643
787
787

BICRON
CHAOS
CHAOS

CHARGEX
DET

DF631
DFTESTS

FPP
FST

GASCHEM
MECL
MRS

POLARIMTR
SHIN
SSC
STF
TBA
TBA
TBA
TBA
TBA
USR

Channel

M13
M15
M13
M15
M20
M15
M20
M13
M15
M13
M9B
M20
M15
4B
4A

M9B
M9B
M9B
M15
M15
4B
4B
4B

M15
M13
M14
4B

M13
Mi l
M i l
M9A
4B

M13
4B
4B
4B
4A

M13
M13
4B
IB

M13
M13
2C
4A
4B

M13
M15
M20
M13

h

93.0
328.0
150.0
81.0

300.0
300.0
94.5

242.0
289.0
242.0
254.0
312.0
197.0

138.0
392.0
115.0
162.0
46.0

104.0
594.0
247.0
139.0
117.5
404.0
104.0

174.0

46.0
138.0
35.0

127.0
23.0

127.0
174.0
46.0

173.0
127.0
139.0
47.0

357.0
46.0
92.0

267.5

Scheduled

h (pol)

69.0

300.0
303.5

127.0

69.0
127.0
173.0
107.5

58.0

150.0

196.0
115.0

96.5

tiAh

13020.0
45920.0
21000.0
11340.0
42000.0
42000.0
13230.0
33880.0
36380.0
33880.0
35560.0
41150.0
4235.0

54880.0
16100.0
22680.0
6440.0

14560.0
23.0

16450.0
52549.0
14560.0

8715.0

19320.0

17780.0
8719.6

24220.0
5080.0

49980.0
6440.0
7360.0

37450.0

h

70.1
323.0
163.5
76.2

317.3
190.2
92.6

233.0
100.5
215.3
271.0
215.8
117.5

136.1
389.2
92.4

156.1

1486.4
241.1
143.0
116.1
146.6
27.5

3.2

146.6

42.9
87.6

8.6
133.2

128.6
146.6
18.5

177.7
42.1
90.2

321.6
47.6
90.7

253.3

Delivered

h (pol)

10.0
61.4

258.8
256.5

12.9

61.4
92.3

159.4
100.5

121.0

178.2
107.3

91.2

pAh

9909.7
44015.3
20472.4
10271.4
41674.2
19707.4
12525.4
31499.3
14003.3
28249.1
35192.0
18765.3
3796.7

52882.8
11350.8
20955.2

14.9

15813.4
14183.1

594.5

7840.8

12212.0

17664.1
7844.0

24411.9
1600.7

41947.8
6605.7
8867.9

34883.8

*See Appendix C for experiment title and spokesman.
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operated reliably and achieved beam currents up to
8 fiA at injection with a polarization of 75%. Beam
development studies were focussed on improvements
of the 14 operation and tests of the H~ extraction and
rf booster systems.

The downtime for 1991 is shown in Fig. 164. This
is less than half the downtime that we had in 1990
- the improvement is mostly a result of much better
performance of the rf system which was down for only
136 h in 1991 compared with 597 h in 1990. There was
only one major failure in the rf system, when a tube in
PA4 and some crow bar components failed coincident
with a power disturbance during a summer thunder-
storm. The inflector system experienced voltage hold-
ing problems in the first quarter. This problem was
managed by operating at a reduced injection energy
with the inflector electrodes powered asymmetrically
to reduce the stress on the positive electrode insula-
tors. The 1AT2 target assembly developed water leaks
in the c-seals on two occasions. The Targets group is in-
vestigating the use of gold plated seals which should be
less prone to failure by corrosion. The vacuum system
downtime was higher than usual due to failures with
the B-20 cryogenerators requiring premature exchange
during beam production. Extraction probe 4 suffered
beam damage in the first quarter during operation in
the 200-250 MeV region where the beam makes rapid
vertical oscillations. In this energy range, when a short
wire is selected for high split ratio extraction, circulat-
ing beam only a few inches radially past the foil may
strike the probe assembly at the foil cartridge. Tuning
procedures are now in place to prevent selection of the
short wire at these energies.

There were also a few problems this year with the
beam line 1A operation (that do not show up in the
performance statistics because the cyclotron and other
beam lines continued to operate). Vacuum leaks de-
veloped in indium seals at 1AQ10 and 1AQ11 and
in the TNF moderator tank at TNF during startup
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after the spring shutdown. The Mil septum magnet
was powered over the summer with a ground fault
and a large water leak leaving Mil experiments with a
lower momentum range. We were able to continue Mil
operation by isolating the power supply and recirculat-
ing the water from the sump back into the Cu ALCW
system which services the magnet cooling circuits. The
septum was replaced in the fall shutdown along with
the 1AQ9 magnet. The 1AQ14-15-16 triplet was also
repaired at the end of the fall shutdown.

There were two shutdowns, the first from March
23 to May 28, and the second from September 24 to
November 20. In the spring shutdown, the dc deflec-
tor and prototype magnetic channel were installed for
H~ extraction tests; beam was successfully transmitted
through the magnetic channel. A new probe, HE4, was
installed to assist with these beam development stud-
ies. The two cyclotron main tank seals were replaced.
Root contacts were installed on the rf booster cavity
to reduce rf leakage to the main cyclotron chamber.
Unfortunately the booster coupling loop developed a
vacuum leak during a power test in June and was re-
moved and blanked off leaving the booster inopera-
ble until after the fall shutdown. The total dose for
the spring shutdown activities was 150 mSv. In the
fall shutdown, eight new resonator segments were in-
stalled in the cyclotron at the #8 positions, and as
mentioned, a major repair of beam line 1A was done.
The resonator installation and cyclotron maintenance
activities went smoothly, but complications with the
beam line 1A work and the unexpected failure of the
triplet Q14, Q15, Q16 on start-up led to a three week
delay in beam line 1A operation. The total dose for the
fall shutdown activities was 287 mSv.

CYCLOTRON AND BEAM DEVELOP-
MENTS

The goals were higher intensity, reduced beam ac-
tivation in the cyclotron tank, better beam stability
and beam quality, low energy (60-100 MeV) 50 /iA si-
multaneous beam extraction, improved diagnostics and
data acquisition, and progress towards high intensity
H~ extraction for KAON. Whereas the beam intensity,
beam quality and better diagnostic efforts are reported
below, the H~ work is reported in the KAON Project
Definition Study chapter of this Annual Report.

Acceleration enhancement cavity

The acceleration enhancement cavity (AEC), de-
signed to reduce the electro-magnetic stripping losses
in the region beyond 400 MeV, was first installed in
the spring of last year. Because of excessive rf leak-
age, initial development experiments using the cavity
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with beam were restricted to a power less than 10 kW,
corresponding to a tip voltage of ~60 kV.

To reduce this leakage, the upper half of the cavity
was removed and four spring loaded electrical connec-
tors were installed on the edge of the ground arm ad-
jacent to the hot arm tip. With lid down these provide
an electrical connection between ground arms. Subse-
quent AEC tests have indicated success in reducing
radiation leakage. Shortly thereafter the ceramic win-
dow in the feedthrough failed causing an air leak. The
feedthroagh was therefore removed and blanked off.
Between shutdowns the feedthrough was repaired with
a new ceramic window and an extra cooling loop added
to alleviate differential thermal expansion at the base
of the window. The repaired feedthrough was installed
during the fall shutdown, and subsequent tests up to
full power of 50 kW corresponding to a peak voltage
of 140 kV have been conducted successfully. Also, dur-
ing the spring shutdown, new redesigned scraper plates
were installed with current detection capability to fur-
ther enhance beam positional information.

Controls software has yet to be completed for routine
operation of the system to proceed.

A. Experiments at low power

The 10 kW power restriction was still sufficient to
allow a successful test where the cavity was used to
flattop the integrated energy gain per turn. In an
isochronous cyclotron the time of flight (TOF) is de-
pendent on the energy gain per turn and the degree
to which the magnetic field is isochronous. The time-
variation of the fundamental accelerating field is re-
sponsible for a cosine-like phase dependence in the en-
ergy gain per turn, and hence the TOF. Adding an rf
cavity at a higher harmonic frequency with phase op-
posing the fundamental can substantially reduce the
variation in the TOF, producing a fiattopping effect.
The higher the harmonic number of the cavity, the nar-
rower would be the resultant flattop. The cavity volt-
age determines the number of turns through the cavity
necessary to reach the optimum flattop condition.

For the test the initial beam phase width (23 MHz)
was reduced from the nominal 30° used for high current
operation, to 5° by inserting radial slits in the centre
region. The position of the phase-band with respect to
the accelerating field was then altered by scanning the
rf frequency, and the TOF was recorded. In Fig. 165
the measured TOF values to 500 MeV are plotted as a
function of initial phase for various cavity voltages.

At 36 kV an optimal flattop occurs over a phase

Snge of ~30°. The slightly asymmetric result at 48 kV
bws the effect of the cavity field being slightly out of

phase with respect to the fundamental, prior to opti-
mization.

330

325-

31C-

305

TOF to 500 MeV

0 kV

- 3 0 - 2 0 -10 0 10
0 (degrees)

20 30

Fig. 165. Measured TOF values to 500 MeV as a function
of the initial phase for three different cavity settings, 0 kV,
36 kV and 48 kV, with the cavity phased to oppose the
fundamental. Smooth curves are plotted through the ex-
perimental data points.

The cavity was then powered to 47 kV and phased
to give the optimum TOF flattop at an energy of 466
MeV. At this setting the TOFs to various other ener-
gies were also recorded (Fig. 166).

Cavity on results are compared with the correspond-
ing cavity off data. The figure shows how the cumula-
tive effects of the opposing cavity field produce optimal
flattopping at only one energy. The variations in the
phase of the minimum TOF are due to radial variations
in the cyclotron isochronism.

Earlier simulation studies have shown that the radial
position of extrema in the radial beam density pattern
produced by the RFD, the 11.5 MHz rf deflector for
H~ extraction, are dependent on the initial phase of

340

320-

280 -

260

COvity @ 47kV covity off

496 MeV

413 MeV

-30 -20 -10 0
<p (degrees)

10 20 30

Fig. 166. Measured then smoothed TOF curves for four
different energies as a function of initial phase for cavity off
(dashed curve) and cavity on at 47 kV (solid curve). The
cavity was phased to give the best flattop at 466 MeV.
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the orbiting particle. The patterns for off-phase parti-
cles are shifted radially inward from the patterns for
on-phase particles. The shift was found roughly pro-
portional to the cosine of the phase. This suggests that
a flattopping effect produced by the AEC which over-
laps the region could conceivably be used to sharpen
the distribution. During a beam test the stability of the
third and fourth precession cycles of the RFD density
pattern were monitored as the frequency was scanned
to simulate a change in isochronism. This was done
with the cavity off and with the cavity at low voltages
phased to oppose the accelerating field. A cosine-like
variation in radial position was observed for the cavity
offcast. With cavity on some improvement was found
for voltages of ~15 kV. The shift in radial position of
the fourth peak for a frequency shift corresponding to
a 40° phase excursion was 4.5 mm with cavity off as
opposed to 3.5 mm for the cavity on case. This will
be useful in minimizing the radial beam size of the de-
flected H~ beam during KAON injection operation.

B. Experiments at high power

After efforts to reduce the leakage from the cavity
were successful, beam tests with the cavity powered
up to 50 kW (140 kV) were carried out. At this power
the total TOF was reduced by 25 (is lowering the beam
losses in the region from 435 MeV to 500 MeV from
10% to 7% as shown in Fig. 167. At the same time
phase compression forces from the cavity reduced the
length of the circulating beam phase interval by 35%.

C. Bunch splitting

Computer simulations using the additional cavity
phased to oppose the fundamental showed that at the

Experimental Booster Result
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Fig. 167. Experimental result showing the beam loss over
the last 12 in. (435 MeV to 500 MeV) for RFB off (solid
curve) and RFB at 140 kV (dotted curve).

maximum voltage the phase expansion effect could
split the circulating longitudinal phase band. This led
to a simulation study that showed in a general way how
the addition of extra accelerating cavities with operat-
ing frequencies an integer multiple of the fundamental
accelerating frequency could be used to alter the time
structure of the extracted beams. In the study the TRI-
UMF cyclotron is used as a model for illustrating the
principle but the results apply to other cyclotrons as
well. In one particular case the time structure is dou-
bled from 23 MHz to 46 MHz without beam loss by
the addition of a 2nd and a 3 rd harmonic cavity of
correct phase and voltage (Fig. 168). Both additional
cavities are A/4 type, similar to the existing 4 th har-
monic cavity, and are positioned radially so that the
high voltage tips align with the 500 MeV orbit. In an-
other simulation, the addition of three cavities resulted
in a final time structure compatible with an accelera-
tion frequency eight times that of TRIUMF, with four
rf buckets out of eight filled. In such a way a cyclotron
could be used as an injector into a cw linac that could
boost the cyclotron energy by a GeV or more.

Phase restricted tune development

Previously beam pulses as narrow as 150 ps have
been achieved from the cyclotron, however, at this
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Fig. 168. Simulation result showing the progression of 11
particles, uniformly distributed within an initial phase band
of ±10° and plotted every 100 turns, as the particles are
accelerated to 500 MeV. Additional A/4 cavities, a 2nd har-
monic at -350 kV and a 3 rd harmonic at 500 kV split the
initial phase band in two, due to the phase expansion effect
and produce an extracted beam 46 MHz.
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Fig. 169. Beam time structure with and without phase re-
stricted tune.

pulse width the polarized beam intensities are very low.
The PIPROD experiment (Expt. 372) using polarized
protons down BL4A demanded a moderate pulse width
(450 ps) while retaining relatively high cyclotron trans-
mission (5%) to obtain an extracted current of 500 nA.
The phase selection was achieved by adjustment of a
radial flag on the first turn to provide rough phase
selection and a 4 mm slit positioned ~7.5 mm inside
the peak of a turn near a radius of 80 cm (3 MeV)
to complete the phase selection. Figure 169 shows the
peak time structure measured with and without the
phase restricted tune. The tune proved fairly stable,
the peak width remaining ~450 ps (FWHM) over peri-
ods of several hours. The simplicity of the tune enabled
operators to independently monitor and maintain the
required beam conditions.

Bunching studies for a 0.5 ns 7 fiA beam

In establishing the specialized tune outlined for the
above mentioned PIPROD experiment, some bunching
studies were completed to help optimize the tune. Pre-
vious studies with unpolarized beams have been done
but at higher currents. A 7/iA beam from the opti-
cally pumped polarized source was used for the study.
The bunching factors (the ratio of the accelerated cur-
rent with the buncher on, to the accelerated current
with the buncher off) were measured at 450 MeV as a
function of voltage (Fig. 170). The measured bunching
factors could be explained fairly well using a simple
theoretical model which included the debunching due
to transit time differences through the injection line
vertical bend and the spiral inflector. In our case this
halves the maximum achievable bunching factor.

There is a 40-100 V p.p. ripple in the ISIS 300 kV
power supplies. When the buncher voltage was opti-
mized for maximum bunching, a change of 50 V in the
source energy produced as much as a 15% change in
the bunching factor. It is possible to compensate for
these changes by adjusting the phase of the buncher
voltage. Thus it might be possible to increase the sta-
bility of narrow phase bunched beams by construct-
ing a buncher phase compensation circuit which would
sample the 300 k V power supply voltage and automat-
ically adjust the buncher phase to compensate for any
voltage changes.

Depolarization studies

One 24 hour shift was devoted to measuring and cor-
recting the depolarization in the cyclotron at the 300
MeV resonance. We began by measuring the polariza-
tion below the resonance (at 200 MeV) with polari-
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Fig. 170. Comparison between measured and calculated bunching factors at 450 MeV.
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meters in both beam lines IB and 4A. By taking care
to count over concurrent beam samples in both beam
lines, and by using a narrow foil (0.015 in.) to reduce
the accidental rate on BL4A, we achieved substantially
better agreement between the two polarimeters than
during our last run. In addition, we found that the
scatter in the spin-off asymmetry was not outside the
statistical fluctuation expected, and therefore we could
total a number of spin-off runs to calculate a spin-off
asymmetry with reduced error. Polarizations of ~80%
were measured in both beam lines, with both polarime-
ters agreeing to within the statistical error (±0.5%
BL4A and ±1.0% BL1B).

We also tried to measure asymmetries from both
CH2 and carbon targets separately, so that a H asym-
metry could be calculated. The polarization calcu-
lated in this way should be more accurate than esti-
mations based on the CH2 analyzing power. Results
from BL4A indicated that polarizations based on H
asymmetries were significantly different (by as much
as 2.5%) from those measured using CH2 asymmetries.
Since we would like to measure changes in polarization
to within ±1%, this is an important effect. Unfortu-
nately, comparable measurements could not be made
on BL1B due to problems with the carbon target.

The next step, to measure polarization beyond 300
MeV while monitoring conditions at 200 MeV, was
frustrated by a high rate of accidental counts in one
arm of the BL4A polarimeter.

We are converging towards reliable polarization com-
parisons with precision of ±1%, however, these exper-
iments emphasized that longer running periods should
be assigned to this study and, in particular, polarime-
ters should be checked out in advance.

Beam development for parity violation - Expt.
497

The parity violation experiment (Expt. 497) now in
preparation, places high demands on the stability of
source, cyclotron and beam line. In particular the in-
tensity must be stable, averaged over a period of ~1
sec, to <1% while the average energy of the extracted
beam must be stable to <30 keV. In an initial devel-
opment shift the energy centroid, measured by taking
repeated monitor printouts of a 230 MeV beam at a
dispersed focus in BL4B, was stable to within 30 keV
over several minutes, just within the required limit.
Fluctuations in intensity, however, were near the 5%
level and further development is needed to determine
if this instability is coming from the source, the ISIS
injection line or the cyclotron.

H° beam production

The simultaneous production with a 150 /iA beam
of a truly parasitic proton beam for proton therapy re-
quires the use of a "soft" stripper creating a 20 nA
beam of H° particles within the cyclotron. The H°
beam drifts out of the cyclotron magnet where it is
further stripped to H+ in a conventional carbon foil.

Experiments have been carried out on a metal
vapour oven producing a beam of Pb atoms. A stainless
steel crucible holding a few grams of reagent grade Pb
is heated by an insulated W wire coil to about 1050° ^.
A stainless steel plug over the crucible, with a 1 mm
diameter, 3C mm long hole on axis, forms a Pb vapour
jet with a 2 mm diameter 15 mm above the nozzle.
Calculations based on the theoretical single stripping
cross sections of H~ incident on Pb predict that the re-
quired H° beam will be produced with a Pb mass flow
of 10 figs'1. Quantitative measurements are underway
on the test model.

Other developments

Professor M. Gordon of Michigan State University
began a collaboration with TRIUMF aimed at devel-
oping a centre region orbit tracking code which would
include the effects of space charge. After a review of ex-
isting space charge codes it was decided that, initially,
the vertical space charge forces will be incorporated
into MSU's orbit tracking program CYCLONE by as-
suming an elliptical distribution for the charge within
the beam. Preliminary work has been done to get CY-
CLONE working with TRIUMF's centre region fields,
however, additional work is required to incorporate the
space charge forces.

Work for other projects includes:

• Program adaptations and RFQ simulations for
ISAC

• The effect of a stripping medium on the quality of
a low energy beam

• The extraction of an H~ beam for KAON

• Tests, with beam, of a prototype beam position
monitor for the KAON Factory

This work is described elsewhere in this report.

PROBES AND DIAGNOSTICS

Diagnostic devices in the cyclotron and on the pri-
mary beam lines have performed well over the past year
with only a very small amount of lost beam time at-
tributable to probe failures. One incident of lost beam
time occurred when part of the beam line 4 extraction

157



probe head was damaged by beam. This occurred while
extracting beam at 230 MeV with an E-short extrac-
tion foil. The beam position is low at this point but
rises very rapidly with increasing radius. As a conse-
quence when extracting beam at 230 MeV the piobe
head is unusually low. Because of the rapidly rising
beam position, the beam that is not intercepted by
the extraction foil can sweep around the probe and
strike part of the probe head on the next turn. To
prevent similar occurrences in future no E-short foils
will be used in the vicinity of 230 MeV. Failure of the
beam line 1 extraction probe to drop a stripper foil
prior to retracting the probe, caused it to jam, resulting
in some lost beam time while the probe was serviced.
Both beam line 1 and beam line 4 extraction probes
received major overhauls during the fall shutdown and
are now in good running order.

Beam line 2C extraction

After a complete running period from the fall 1990
shutdown to the spring 1991 shutdown, the new ex-
traction probe for beam line 2C was removed from the
tank for inspection. Several improvements were made
to the probe, including a means for better shielding of
the probe head from rf pickup. This reduced the pickup
on the head by a factor five and it is now possible to
read extracted beam currents down to less than 100
nA. The probe continues to perform very well, and is
in almost continuous use.

Last year a crossed wire beam profile monitor was
installed on beam line 2C. Experience with this probe
has been very satisfactory and as a result an improved
version is being designed and built for installation on
either beam line 1 or beam line 4.

High energy probes

To assist in the H~ extraction studies, a new high
energy probe, HE4, was installed in the cyclotron dur-
ing the spring shutdown. The probe is similar to the
HE3 probe which is located diametrically opposite to
it. The probe is installed in the beam line 2 extraction
probe port. It has a radial travel of 19.5 in., from 500
MeV to 412 MeV, and is equipped with a three finger
differential head.

Electronics

Amplifier channels were added to read back mag-
netic channel and booster scraper foils and for the new
HE4 probe. The latter had the usual TOF and sum-
ming module. During the AES tests the HE4 sum sig-
nal is used to fire the ISIS pulser fast trip interlock;
this inhibits the beam during the transit time of the
fast target. The trip speed was improved from more

than 40 ms to 20 ms by reducing the number of relay
dropouts to one.

The ISIS pulser frequency was made a sub-multiple
of the orbit rotation frequency (rather than just a sub-
multiple of the accelerating rf). Certain timing exper-
iments can now be performed when the 1:5 selector is
in operation.

HE probe head design

The electrons stripped from H~ ions are quite ener-
getic, Tt = (me/mn-)Tn-, and pass through the thin
foils making up a probe head several times before stop-
ping. Some electrons can acquire a large vertical ve-
locity through scattering and escape from a vertically
narrow foil. For an accurate current measurement the
electrons should be captured on say, horizontal plates
above and below the foils. The foils should be spaced
by the electron gyrodiameter, usually less than 1 cm,
to avoid cross-talk.

The first probe in use at TR1UMF, HE1, had to mea-
sure both current and beam height. It employed five
fingers arranged in a > - pattern about the mid plane.
This compromise eliminated cross-talk between adja-
cent fingers while electrons were exchanged between
fingers in line vertically; only the outer fingers had par-
tial electron catchers. There are now several current
probes and the head of HE1 was reconstructed with
the fingers arranged in diagonal or staircase fashion.
This has eliminated all cross-talk between any fingers
and improved the accuracy of simple algorithms com-
puting Z(R) and beam width. The Probes group are
designing a new head with 7 fingers and electron col-
lectors.

DC current transformer

A dc current transformer (DCCT), suitable for mea-
suring beam current injected into a cyclotron, has been
constructed and tested. The device employs a matched
pair of high permeability ferrite rings. A 1.7 kHz square
wave current winding biases the cores with opposite po-
larity driving them into saturation. The dc beam passes
through the rings upsetting the symmetry of this ar-
rangement and generating a second harmonic signal in
the sense winding. The signal induced in the feedback
winding will balance the signal of the sense winding,
the dc component in the feedback winding represents
the beam current to be measured.

The DCCT is designed to operate between -20 mA
and +20 mA. Bench tests in a stabilized environment
showed a zero drift of less than 3 /iA in 30 hours. The
absolute accuracy and resolution are 2 (iA. A change in
ambient magnetic field of 1 G produces a zero drift of
0.83 mA (without magnetic shielding). The tempera-
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Fig. 171. Cusp ion source set up for dc current transformer test.

ture sensitivity is 0.8 ftA/°C. There is a compensating
coil in the DCCT to set the null point with beam off.

The device was installed in the injection line of the
centre region model cyclotron and its output compared
with the current read by a Faraday cup equipped with
plates biased to repel stripped and secondary electrons
(Fig. 171). A 2 in. cusp source delivered a steady cur-
rent of H~ or D" ions accelerated to 15 keV.

Under these conditions, it has been found that the
Faraday cup current and plate bias current depended
on bias voltage, but that their difference is constant
(Fig. 172).

The electron repelling plates collected positive ions
at high negative voltages and at low voltages some elec-
trons hit the plates. The constant difference, however,
agreed with the DCCT reading within 2 (tk over the
measured range of H" or D~ current between 50 and
950 fiA.

Re-design of T2 protect monitor plate package

The signal from the target protect monitor includes
both a secondary electron current caused by beam
hitting the plates and current from the ionization of
neighbouring gas molecules. The latter becomes signif-
icant when a vacuum leak causes the local pressure to
rise above, say, 20 ft. The sensitivity (ionization cur-
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Fig. 172. Faraday cup current and plate bias current as a
function of bias voltage.

rent/local pressure) was much worse for the halo plate
of the T2 package than for the position plates. It was
felt that this was due to a smaller clearing field near
the beam axis. The package was redesigned to move
the halo plate from the rear to the front of the monitor
where the bias plate aperture could be of similar size
to the halo aperture. During this process it was found
that the ground connections, attached to the insulator
between each bias and signal plate to divert any leak-
age current, shielded most of the halo plate from the
bias reducing its efficiency. These ground connections
were changed from plates to straps. The new package
is illustrated in Fig. 173 a), the equipotentials in Fig.
173 b). The monitor has been installed and checked
out with beam, but its response at different ambient
pressures has not yet been measured.

Profiles at low current

The blade scanner 4BM4.9 sweeps a 1 x 10 mm
blade across the beam at a repetition rate of 1 Hz.
The secondary electrons from the blade produce ac-
ceptable beam profiles for currents above 40 nA. To
obtain profiles at lower currents scintillators connected
to photomultiplier tubes (PMT) have been used to de-
tect secondary particles and multiply their charge. Two
arrangements have been compared. One arrangement
had the scintillator mounted inside the monitor box, in
vacuum, with its axis horizontal and 90° to the beam
direction. The other was placed, in air, downstream
from the blade scanner and detected particles passing
through the monitor box and beam pipe walls. The in-
dividual pulses of charge from the PMT were low pass
filtered to produce a quasi-dc signal which was am-
plified, digitized by a transient recorder and displayed
using a microVAX graphics terminal.

Both arrangements gave useable profiles for currents
between 0.1 and 10 nA. To achieve this performance
several measures were necessary to reduce noise. Re-
placement of co-axial cable by balanced twin-ax re-
duced 60 Hz hum by a factor of ~12. The "in air"
detector was originally placed low on the exit face of
4BM4.9 where residual radioactivity produced a back-
ground noise. Moving the detector downstream and
away from the beam pipe (onto the table support-
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Fig. 173. a) Revised plate package for the T2 protect monitor, b) Equipotential lines between plates.

ing 4BSM6) reduced the count rate but improved the
signal-to-noise ratio by a factor 3. Statistical fluctua-
tions at low count rates cause random noise. This was
smoothed by increasing the filter time constant to 1
ms, but since this is equivalent to 0.1 mm of blade
travel, further increases would distort the profile. Fur-
ther smoothing could be obtained by using the com-
puter to average several scans.

Low current profiles are shown in Fig. 174 a), b), for
the two systems. Measurements using scattered par-
ticles are 7,000 times more sensitive than those using
secondary electrons. The integrated charge under the
X and Y profiles is the same for the "in air" detec-

a)
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- 2 0 -

tor, but the Y profile area, but not shape, varied with
beam height for the scintillator mounted in vacuum.

Data acquisition and analysis

Progress in cyclotron diagnostic's data acquisition
was hampered by the departure of key controls per-
sonnel. This left the group with a significant additional
workload.

Despite problems, there have been some notewor-
thy developments during 1991. The probe scan utility
(PSU) which is widely used to gather data on cyclotron
parameters has been enhanced in a number of ways.

b)
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Fig. 174. Beam profiles measured by detecting particles scattered from the blade scanner 4BM4.9. The 400 MeV beam
was dispersed horizontally, a) is for a portable detector placed in air, the beam current was 0.98 nA. In b) the scintillator
is in the monitor box vacuum and the current was 0.08 nA.
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One of the new features is that data gathering can be
triggered after a specified time interval. This allows the
user to sample and display data in realtime in a similar
manner to a chart recorder but in this case the data
is digitized and can be saved on disk. To help the user
in displaying the data in realtime an auto rescaling
feature has been added. The current version of PSU
allows the set-up to be saved in the form of a script file
and restored at the user's request. This allows common
set-ups to be configured quickly by simply asking for
the appropriate script file. A new version of PSU that
has been mostly completed and should be ready in the
first quarter of 1992 will have some major enhance-
ments and has involved a significant amount of recod-
ing. This new version allows the user to define devices
using the system and thumbwheel convention and to
read devices from serial highways. Serial highway sup-
port will provide the ability to read devices from the
cyclotron development and beam line 2C systems.

In support of a collaboration with INR/Troitsk on
the optically pumped ion source, instrumentation and
software support was developed for an alpha polarime-
ter and allowed the on-line optimization of the source
as described in the Ion Source section.

RADIO-FREQUENCY SYSTEMS

Summary

The total rf downtime for 1991 was 120 hours com-
pared to 597 hours for last year. The largest block of
downtime (33 hours) was the failure of a tube which
had over 100,000 operating hours to its credit. The
other major causes of downtime were waster load re-
sistors (12.5 hours), ignitron crowbar (12 hours), rf
booster feedthrough leak (12.5 hours) and high volt-
age power supply water cooled resistors (10 hours).
The major activities for the year were the installation
of eight new resonators, ignitron crowbar investigation
and development, and measurements on the input cir-
cuit to the power amplifiers.

Resonators

Eight new resonators were installed in the number
eight position during the fall shutdown. As a conse-
quence the rf voltage stability improved by a factor
of three and control of the rf leakage was made easier.
Manufacturing of eight more resonators, to be installed
in the number six position, has begun.

Power amplifier system

In general, the rf power amplifier system behaved
very well. The one PA tune failure was hardly surpris-
ing since it had run for over 100,000 hours. Other ma-

jor failures such as the ignitron crowbar, high voltage
power supply water cooled resistors and waster load re-
sistors are recurring problems and solutions are being
investigated.

The output circuits of the PA's were retuned to in-
crease the plate load impedance and the efficiency of
the amplifiers. The plate dc power was reduced by
10 A.

Extensive measurements were made on the PA in-
put circuits to allow tuning and matching at signal
level and to further understand the theory of opera-
tion of the input toroid network. A complete equiva-
lent circuit of the input network, including the toroid
and the tuning capacitors, has been established with a
computer model to predict the frequency response and
impedance matching of the circuit. The PA inputs were
tuned to reduce the reflected power to almost zero. A
complete drawing of the toroid has been made so that
a spare can be built if needed. Results of this work are
being prepared in TR1-DN-91-11.

Extensive data were acquired on the operation of
the crowbar system. The power supply current, current
through the ignitron and their time durations when
the ignitron is fired were accurately measured. A new
higher rated ignitron model 7703H has been installed
in the power supply to satisfy the peak anode current,
current duration and charge transfer rate as indicated
from the measurements. The sensitivity of the ignitron
firing circuit has been reduced to prevent tank sparks,
which cause momentary high cathode currents in the
power tubes, from firing the ignitron. Schemes are now
being designed to monitor currents through each PA
individually with the help of current transformers and
fibre optic links to eliminate unnecessary crowbars.

RF separator

The separator has run extremely well with very high
reliability and no major failures. Minor problems have
occured with the driver amplifier and the control sys-
tem. The control system is being continually upgraded
and a new solid state driver, based on the driver de-
veloped for the KAON Factory, is being built.

RF controls

The local control system for the accelerator enhance-
ment cavity (AEC) has been completed. This system
provides intelligent cw conditioning, including auto-
matic power-up sequencing through multipactoring.

Other functions performed by this system include
cavity tuning, abnormal reflected power protection for
the final amplifier, rf amplitude and phase control,
machine status display, and local operator interface.
A hybrid analogue/digital phase-locked loop oscillator
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provides drive power to the AEC This oscillator uses
the cyclotron main rf as the reference to synthesize a
phase-locked fourth harmonic for the AEC. The ana-
logue loop is used during normal operation to achieve a
fast response and accurate tracking of the cyclotron fre-
quency. A multi-layer PCB and careful layout helped
reduce phase noise from the synthesizer to less than
—55 db at 5 kHz from the carrier. When the main rf
is switched off, or during cw conditioning, the digi-
tal loop is used to maintain a stable, adjustable AEC
frequency. The loss of reference results in an instanta-
neous frequency shift of less than 800 Hz, and there-
after a stability of better than 300 Hz. This enables the
AEC to operate without a glitch even when the main
rf is unstable.

Through the intelligence provided by the local pro-
cessor in the control system, an inexperienced operator
can cold-start the booster with a single button. More
experienced operators are able to monitor the system
and quickly diagnose problems through the graphical
user interface. A SDLC link to the central control sys-
tem via CAMAC was established. This enables a re-
motely located operator to observe and change AEC
parameters, such as the voltage and phase, on any ter-
minal in the control cluster. The AEC was powered to
140 kV and the amplitude and phase of the rf voltage
at the booster dee gap was regulated to better than
0.5% and 2 degrees, respectively.

A new rf control design for the main rf system has
been initiated. The new system will use high speed dig-
ital signal processors as feedback control elements. En-
gineering evaluations on the new generations of avail-
able processors indicated that the architecture of the
Motorola DSP56116 DSP is most suited to a PID con-
troller application. With a 16 bit accuracy and a cur-
rent clock speed of 40 MHz, this DSP should provide
sufficient accuracy and bandwidth for the controls of
most of TRIUMF's cavities. A design for the main rf
feedback control, using this approach, is currently be-
ing implemented.

MECHANICAL ENGINEERING

Mechanical engineering activities during 1991 were
diversified. The major responsibility still remains the
design and development of cyclotron tank components,
however, in recent years, mainly as a result of the in-
corporation of Remote Handling into the Mechanical
Engineering group, the scope of activity and responsi-
bility has increased. The following is a brief description
of the major activities during the past year.

Cyclotron

Magnetic channel

The magnetic channel #1 was again installed in the
cyclotron for testing during the spring shutdown. Prior
to installation there were a number of design changes
made to the high current feedthrough in order to ease
assembly and reduce installation dose levels. Also the
channel itself was moved 1 in. on the base plate towards
the centre of the cyclotron and detail changes were
made to the entrance and exit detection plates. During
the tests the unit operated well and mechanical motion
control worked perfectly.

Resonators

Eight resonator segment kits were delivered to TRI-
UMF from Canadian Aircraft Products earlier this
year. These kits consist of the structural components
for both hot arm and ground arm. The rf panels, beam
side panel and root assembly are made at TRIUMF.
The kits were assembled and ready for installation in
the cyclotron in the spring shutdown, however, due to
the work load of cyclotron work the installation was
deferred until the fall shutdown. At that time the four
upper and four lower number eight original segments
were removed, latch modifications were made and the
new segments were installed. A lid down/up was un-
dertaken with the tips of the new segments unlatched
to determine the correct vertical tip height adjustment.
The installation was completed on schedule. The rf was
conditioned and brought up to full power shortly there-
after (see Radio-frequency Systems section).

The final eight resonator segment kits were received
in September and are currently being assembled at
TRIUMF in preparation for installation in the spring
of 1992.

Probes

Mechanical Engineering provide assistance to the
Probes group on an "as needed" basis. During the pe-
riod the following consultation work was provided:

A new high energy probe was designed, assembled
and tested. This probe, known as HE4, was installed
in the spring shutdown into an extraction probe port
at the 2C exit horn. Its purpose is to assist in beam
tests of the dc deflector and magnetic channel 1.

A study was undertaken to investigate the cause of
positioning errors encountered during operation of the
LEI probe. It was found that the encoder was mal-
functioning and also the system was responding to an
inherent elastic resonance resulting in false counts from
the encoder. This was rectified by the replacement of
the encoder with an NSD type absolute encoder and
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the addition of a torsional damper at the drive motor.
Work was completed early in the year on the TR30

extraction and diagnostic probes. This involved final
development work on motor controllers, probe calibra-
tion and some maintenance activities. Documentation
was completed as well on this project.

Work has begun on evaluation of the possibility of a
remote manipulator that could accomplish the probe
commissioning after every shutdown. This is currently
done by hand and accumulates considerable dose.

Also undertaken was the design of a beam position
monitor mark III for the Parity experiment (Expt.
497). This involved the design of an XY positioning
drive mechanism for improved stability, controllability,
precision and reproducibility as well as an improved
low noise current read back signal.

Other systems

Elevation system

Work continued on the mechanical upgrade of the
cyclotron elevation system. The final two 100 ton jacks
have been completed and all jacks now are in the de-
sired condition, i.e.: angular contact ball thrust bear-
ings are in place, the addition of hardened steel collars
to counteract side loading, new pinion bearings and
the use of a special extreme pressure lubricant. Work
will continue on the rebuild of the 60:1 speed reducers
and the 20 HP electric drive motors as planned routine
maintenance. A new motor was ordered and received,
thus providing two spares.

Towards the end of the spring shutdown a malfunc-
tion of the motor contactors in the control system re-
sulted in an overloaded phase in the field windings of
the motors causing them to overheat and smoke. Sub-
sequent inspection revealed burned insulation in seven
units. These required the field windings to be removed.
All motors have now been inspected and repaired. The
control system contactors have been replaced and other
alterations have been made to the control system (re-
ported in Power Supplies section). The system now op-
erates trouble free, and the previous frequent "phan-
tom" stop problem lias been alleviated.

A routine maintenance program has been set up and
will be carried out in future by Remote Handling per-
sonnel.

Site cranes

An engineering review of the 2 ton overhead crane
installed in the proton hall test area recommended re-
placement of the existing crane. This was done after
some upgrading of the support rails.

The Plant group requested that Mechanical Engi-
neering assist in reviewing all safety related lifting

equipment. To this end Mannesman-Demag were re-
tained as the outside inspection agency. All equipment
has been inspected and reports submitted to TRIUMF.
As well, the Workers' Compensation Board has in-
spected the premises and also submitted their report.
Currently work is underway to correct defficiencies.
The object is to upgrade all equipment to the satis-
faction of the WCB and to institute the required in-
spection, maintenance and activity logging that they
demand.

Mil septum magnet

The performance of the Mil septum magnet, prior
to the spring shutdown, had deteriorated to the point
that replacement was necessary. To that end the spare
septum was received from storage and its condition
evaluated. It was found in poor condition with many
broken insulators and poor solder joints. It was decided
to completely rebuild the magnet and at the same time
include modifications indicated from past performance
of the first magnet. These changes were:

1. New cooling water jumper tubes made in one piece
with much deeper solder pockets.

2. Redesigned and relocated ceramic insulator con-
nections to the water circuit.

3. A new vacuum box that traps the septum sheet
between insulators rather than the elaborate
brazed scheme used originally. This eliminates the
septum sheet as a structural member.

4. The addition of pole shims to increase the mag-
netic flux density.

After completion of septum magnet rebuilding, it
was successfully installed in the beam line at the end
of the fall shutdown. The details are reported under
Remote Handling.

Remote handling

Cyclotron

First quarter activities included routine equipment
maintenance, and servicing system development, as
well as preparation and scheduling for the spring shut-
down.

The cyclotron servicing system equipment controller
was replaced with an OPTOMUX digital control sys-
tem operational for all trolleys as well as the service
bridge.

During the spring shutdown the upper rf booster sec-
tion was removed for modification of rf grounding. The
Q2 radial flag, and 2C extraction probes were removed
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for work by the Probes group. The dc deflector, and
magnetic channel #1 , complete with sub-frame base
plates, were installed for scheduled beam testing. The
magnetic channel assembly was removed during a two
day machine access, and the DCD remotely removed
two weeks later.

A spare gate valve suitable for extraction #1 or #4
probe locations was received. Appropriate tank-side
and housing flanges were manufactured to allow its use
as a replacement for either beam line extraction probe
valve.

The fall shutdown saw all eight #8 resonators re-
placed with the newest design model, requiring a lid-
down interval for alignment measurements of the newly
installed resonators. An air-to-vacuum leak in extrac-
tion probe #4 gate valve was repaired during this shut-
down.

The balance of the new free-standing style shadow
shields was completed this year. These effectively re-
duce by a factor of three the handling time required
to remove or reinstall shielding for intermittent mid-
shutdown lid-down activities.

Hot cells

Routine production target servicing was performed
in the hot cell during the year.

A graphite target segment was replaced on the 1 ATI
Mk-1 target ladder, and a lower c-seal replaced using
newly developed pneumatic scraping tools. The profile
monitor actuator cylinders were replaced, and a vac-
uum air leak in the target found to be a faulty ferro-
fluidic feed-through.

In the fall the 1AT1 Mk-I profile monitor assembly
was tested in the storage vessel, and an open circuit
determined on the vacuum side of the upper connector.
This was repaired, reassembled and leak checked.

The protect monitor on 1AT1 Mk-U target was re-
aligned as required by target beam scans.

Due to chronic seal leakage in the 1AT2 Mk-I target
it was selected for initial installation of Au-plated c-
seals. The necessary modifications for this seal, as well
as replacement of the 10 crn Be cassette were performed
in February.

During the fall shutdown the 1AT2 Mk-I target was
realigned and two new experimental graphite targets
from Russia, as developed for the Moscow kaon factory,
were installed.

The 1AT2 Mk-II target required a c-seal change in
the spring and at this time a second 10 cm Be target
cassette was added to the ladder allowing verification
of the original Be target rates. A split bellows in the
actuator assembly of the 1AT2 Mk-II target, discovered
during a storage vessel vacuum leak check, required a
major rebuild of this target later in the year.

During the fall shutdown a comprehensive series of
in-situ optical target alignments were performed to ver-
ify beam line alignment benchmarks, this using both
the 1AT1 Mk-I and II as well as the 1AT2 Mk-I and II
target assemblies.

Preliminary arrangements were made for transfer-
ring the manufacture of conventional target compo-
nents from the University of Victoria to TRIUMF site,
thus allowing targets development to proceed at that
site unhindered by this mostly routine chore.

A jig for transferring alignments from the old Mil-
septum magnet was established in the warm cell for
scheduled fall shutdown work. The new septum mag-
net was then established on the alignment jig and con-
figured to documented alignments.

The 1AQ14-15-16 triplet was moved into the warm
cell at the end of the fall shutdown for replacement of
ceramic insulators, and plumbing repair. The majority
of this work was performed hands on by Beam Lines
personnel through the access shield wall.

The hot cells facility negative pressure ventilation
system was completed and made fully operational this
year.

Beam lines

An emergency replacement of two ceramic insulators
on the cooling circuits of the 1AQ10/11 doublet was
performed in mid September.

Replacement of the Mil-septum magnet occupied
the majority of the fall shutdown. This operation re-
quired removal of both the 1AQ9 and M11Q1-2 to ac-
cess the septum. A description of the repairs to beam
line 1 components in both the Tl and T2 target areas
is given in the Beam Lines section on page 166.

ION SOURCES AND INJECTION SYSTEMS

Injection system

During the first quarter all the 300 kV power sup-
plies were fixed and tested for performance and long
term stability. The stability was within the specifica-
tion. All four power supplies were operational until late
November when the "Glassman" model broke down.

The acceleration tube of the 14 source had to be re-
moved early in the year. Because of sodium contamina-
tion, it did not hold full voltage. A replacement tube
was put in its place. It was modified before the in-
stallation in an attempt to limit the "spark-over" cur-
rent in the spark gaps by dissipating the stored energy
during the spark down. The modification proved to
be very successful and therefore was also done in the
12 source. In the past each spark in either of the two
sources caused a trip of the Westinghouse Logic Con-
troller disrupting beam line vacuum and shutting down
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the 14 source. After the modification this problem was
eliminated.

In the second quarter a high energy polarimeter was
installed in the common beam line of ihe 12/14 sources.
The polarimeter measures the beam polarization dur-
ing 14 source development without the need of the cy-
clotron.

New laser arrangement necessitated 14 beam line
modifications. The laser beam is now brought into the
14 source via the first 45° bend box. New holes in the
bender electrode had to be drilled and apertures in
collimators and Wien filter opened to one inch.

During the fall shutdown a cryopump in the lower
vertical beam line was replaced. Good vacuum in this
section is important due to the proximity of the in-
flector. Also the sparking of skimmers in this region
was found to be pressure dependent, a new, reliable
cryopump CT-8F was purchased and installed. It was
possible to eliminate the connecting elbrw and as a re-
sult higher pumping speed was achieved. The vacuum
improvement in this section was immediately noticed.
The modifications to the roughing line and gate valve
mounting greatly improved the serviceability.

The vertical bend beam line power supplies were re-
placed so that now only the vertical section (with 44
individual power supplies) remains in order to com-
plete the replacement program.

Optically pumped polarized ion source

The optically pumped polarized ion source expe-
rienced very rapid improvements in polarization this
year. The PI-PROD experimental run (Expt. 372)
was brought to a successful conclusion in March, run-
ning the cyclotron in a phase-restricted tune (FWHM
0.5 ns) with an extracted current at 457 MeV of close
to 500 nA at a polarization of up to 50%.

Two weeks after the end of the Expt. 372 run, the
polarization was increased, during a development shift,
to 61% at 200 MeV with an extracted current of 5 //A.
The increase in polarization was brought about by a
reduction in the number of holes in the 5 kV proton-
source extraction electrodes, from 61 to 31. That re-
duced the unpolarized beam component due to charge
exchange with residual hydrogen gas, and had a mini-
mal effect on extracted current.

Until that point the optically pumped source had al-
ways been based on polarized sodium pumped by dye
lasers operating at 590 nm. Beginning in May, OPPIS
was changed to a system based on optical pumping of
rubidium vapour, using solid-state Ti:sapphire lasers
tuned to the Dl resonance line at 795 nm. The ra-
tionale was that the optical pumping rate would be
improved by a factor of two due to the doubled photon
flux from the longer wave length, higher power lasers.

Additionally, the depolarization rate due to wall col-
lisions would be halved with the heavier, slower Rb
atoms, and the broader absorption width would reduce
radiation trapping in relatively thick vapour targets.
The broader Rb absorption width also makes laser fre-
quency stability less critical, and combined with the in-
herent stability of solid-state vs. high-power dye lasers,
has in fact produced an order-of-magnitude improve-
ment in polarization stability. Rubidium is much more
reactive than sodium and required a redesigned vapour
cell, which can be opened and closed from outside the
vacuum chamber.

Other improvements were made possible by a re-
designed Wien filter in the first section of the beam
injection line. The Wien filter aperture diameter was
enlarged from 1 cm to 2.5 cm, thus allowing the laser
beams to pass through unhindered from the down-
stream direction into the source. (The upstream di-
rection is blocked by the extraction electrodes.) This
meant that a laser mirror and protective window in
an injection beam line vacuum chamber could be re-
moved, and an improved multiple mirror arrangement
was built outside the vacuum at the first bend in the
beam line, greatly easing laser alignment. Another ben-
efit was that the Pockels cell, which produces circular
polarization in the laser light, could be placed after
the last mirror, thus improving the circular polariza-
tion in both helicity states. A small vacuum cham-
ber for the protective window was constructed, which
can be vented and pumped down without interrupt-
ing beam current, whenever the window needs to be
replaced. The time required for window replacement,
and consequently polarization down time, was reduced
from about 6 hours to less than half an hour. Finally,
the larger aperture improved transmission of the beam
through that section of beam line. Metal shielding com-
pletely encloses the rerouted laser beams in the beam
line areas.

The above changes were completed by the end of
July. Almost immediately a record beam polarization
of 78% (±2%) was measured at 300 keV, after lowering
the source energy to 2.5 keV, with an extracted cur-
rent from the cyclotron of 1.5 fiA. The polarization at
230 MeV was 75%, running on another occasion at a
higher extracted current of 2.5 /zA. The source supplied
beam August 20-September 3 to Expt. 497, which had
a very good first run. At the end of the run, the polar-
ization measured with the IBP was 70% and showed
close agreement with the 300 keV polarimeter. Typical
current to Expt. 497 was 1.5 /iA.

Following the experimental shifts, work began on
bringing a low energy Lyman-alpha polarimeter in-
side the source into reliable operation. This polarime-
ter diverts the small fraction of protons emitted by the
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source along a parallel axis, neutralizes them, quenches
the lower energy metastables in a spin filter (as in
the Lamb-shift source), and counts the Lyman-alpha
photons emitted by the remaining metastables when
they are quenched in an electric field. This polarime-
ter has count rates of the order of 500,000/s and pro-
vides 1/2% accuracy within seconds. Many different
factors affect the source polarization, which implies
that only small increments in efficiency are possible
at each step, since the polarization is already quite
high. The Lyman-alpha polarimeter gives us the abil-
ity to measure the effects of various modifications. The
measured polarization has been raised as high as 80%
by modifications to the alkali vapour distributions and
the vacuum pumping geometry, as well as by raising
the magnetic field in the rubidium cell to 25 kG. The
Lyman-alpha polarimeter actually underestimates the
polarization by a few percent, since it measures pro-
ton rather than H~ beam polarization, and the proton
polarization is more affected than H~ by unpolarized
background due to residual gases. The modifications
have also broadened the peak of the polarization, plot-
ted as a function of rubidium thickness. This could
be used to run thicker targets with consequently more
current.

Investigations were also made of the performance of
the source for use in the upcoming parity experiments.
For parity it is very important that beam intensity vari-
ations correlated with polarization state (up or down)
be no more than 10~5. Measurements were made in the
source of such "coherent modulation", which showed
that this is possible if the magnitude of the rubidium
polarization is kept constant to within 0.1%. Such a
close symmetry in rubidium polarization is possible in
thin, highly saturated targets which, following the lat-
est modifications, appear able to produce the required
0.5 /xA, 70% polarized beams.

BEAM LINES

This past year has been an extremely busy one for
Beam Lines personnel. In addition to their normal
maintenance and other site-related work, members of
the group have continued their involvement in the as-
sembly of prototype magnets for the KAON project,
the assembly of magnets for the SASP and CHAOS
experiments and the extension of the TISOL facility.

The latter half of the year was exceptionally heavy
because of the necessity to replace elements down-
stream of the 1AT1 and 1AT2 targets. More detail
is given in the following sections. These repairs were
made easier by the use of volunteers who performed
some of the work in the regions of high residual activ-
ity, thus reducing the radiation dose that could have
been obtained by members of the group. Without their

cooperation it would have been extremely difficult to
have completed the work in the required time.

Developments

We are continuing working toward out goal of in-
creasing the reliability of the operation of the primary
beam lines. A new control system for the 1AT1 and
1AT2 targets is under construction. As part of this
program, the alignment procedure from 1AT1 to 1AT2
has been modified in an effort to increase the reliability
of the target protect and profile monitors.

There has been a long-standing discrepancy between
the location of the protect monitors in front of the tar-
gets and the targets themselves. This has been caused
in part by use of an alignment jig that had a differ-
ent position in the two target vessels, and in part by
relying on the results of an old alignment procedure
using monuments that are no longer easily accessible
along the beam line. The result has been that it often
has been necessary to adjust the height of the target
at 1AT2, by changing a PROM in the target control
system, to make it match the location of the protect
monitor. The horizontal position of the protect moni-
tor has also been adjusted empirically on occasion, but
it has often ended up being well out of alignment with
the target centre.

The new procedure makes use of a monument that
is located in a relatively cool part of the beam line up-
stream of the 1AT1 target. The other point that estab-
lishes the line of sight (LOS) is the 1AT2 protect mon-
itor. That monitor's height has never been adjusted
and has been shown to be correct by channel rates. Its
horizontal position has been defined to be midway be-
tween the centres of the two target ladders. The two
ladders are, of course, supposed to be identical, but it
has been shown by scanning the beam across the tar-
gets that they were misaligned horizontally relative to
each other by approximately 2 mm. This discrepancy
was confirmed by optical measurements taken during
the fall shutdown as part of the new alignment proce-
dure. A new 1AT2 protect monitor also was installed
at the defined position during the shutdown.

The replacement quadrupole 1AQ9 (see below) was
centred on the new LOS to within 1 mm horizon-
tally and 0.5 mm vertically at its upstream end and
to within 0.5 mm in both directions at its downstream
end. The 1AT1 protect monitor was raised 1.5 mm to
centre it on the LOS. The heights of the targets on the
1AT1 ladder were adjusted to match that of the new
protect monitor. It is difficult to ascertain how the new
LOS compares with the line used originally to establish
the heights of the M11 and M13 channels, but compar-
ison with old surveys makes it seem unlikely that the
change has been more than 2 or 3 mm.
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The targets on the 1AT2 ladder were raised by 5 mm
to align them with the 1AT2 protect monitor. An opti-
cal check showed that they are still about 1 to 1.5 mm
low, a discrepancy that will be corrected the next time
they are out of the beam line. The optical check also
showed that the protect monitor indeed lies between
the horizontal location of the two target ladders as ex-
pected. The heights of the targets will be adjustable
when the new target control system is completed (up-
grade in progress). It will then be trivial to vertically
align the target to the protect monitor in-situ.

The relative alignment of the targets to the protect
monitor has been confirmed by beam scans at both the
1AT1 and 1AT2 target locations.

Beam line 2C had three extended high current runs
this year with beam currents of 30-50 /iA on rubid-
ium metal targets in the solid-target facility. A beam
production total of 55,000 fiAh was achieved. In the
first run in January and February, three targets were
irradiated for 6000 ^Ah each. Unfortunately, the beam
position and density were improperly monitored and
the target-protect monitor was destroyed. Much of the
operating period during the July and August run was
taken up with shorter irradiations for target develop-
ment. The final run in November and December was
highly successful. A total of 23,700 fiAh were delivered
to two targets at constant beam currents greater than
40 M -

Maintenance, operations and improvements

The majority of (normal) repair work consisted of
the curing of water leaks, most of which were of a
minor nature, and ongoing preventive maintenance.
During the spring shutdown water filters in the ac-
tive system of vault elements and in the proton and
meson halls were replaced. O-ring vacuum seals were
replaced in the vault and beam line 1A. Pole tips of
the M9B triplet were modified and replaced in order
to prevent future ground-fault problems. Cabling to
the quadrupoles of the twister on beam line 4B was
upgraded.

Early in the year, serious water leaks were detected
in the septum magnet downstream of the 1AT1 target
on beam line 1A, and in the first dipole of the M20
channel. By the third quarter of the year the leak in
the septum magnet had become large enough to re-
quire installation of a temporary recirculation system
to collect the spilled cooling water and return it to
the active system. The leak in M20 was much smaller,
so the channel was able to continue normal operation.
Because these elements are located in regions of high
residual radiation, it was decided to carry out repairs
during the fall shutdown when a new septum magnet
was scheduled to be installed.

During the summer the "spare" septum magnet was
completely rebuilt. Its electrical and cooling circuits
were modified and redone. A new vacuum chamber was
required because the gap of the septum has been re-
duced 1.25 in. to allow the Mil channel to deliver 350
MeV pions. The magnet was field-mapped and tested
to 5000 A prior to its placement in the beam line.

As the fall shutdown approached, quadrupole 1AQ9,
located immediately upstream of the septum, began
showing ground faults. By the time the shutdown be-
gan, repair of the septum, the M20 dipole and the
1AQ9 quadrupole were the major shutdown items.

When the shutdown began, the septum magnet and
1AQ9 were removed for repair. Unfortunately, detailed
examination of 1AQ9 showed numerous problems with
its coils, among them being several ground faults that
could not be isolated. Work was hampered by the high
residual fields (> 90 R on contact on the flanges of the
beam pipe). Following several attempts to fix it, the
quadrupole was scrapped. A new magnet was taken
from storage and refurbished with new insulators and
services. It also was necessary to fabricate a new vac-
uum box.

At the same time the first two quadrupoles and the
jaws of the Mil channel were also removed and the op-
portunity taken to overhaul them. New interlock wiring
was installed on the quadrupoles and several of their
insulators were replaced.

With the removal of the shielding from the 1AT1
area, it was possible to repair the M15 slits.

In late November, just as beam delivery to the meson
area was begun, the quadrupole triplet 1AQ14/15/16
downstream of the 1AT2 target developed a water leak.
Repair necessitated removal of the triplet from the
beam line because the leaks were at the ceramic in-
sulators in locations that could not be reached in-situ.
In all, 33 insulators were replaced along with the in-
terlock wiring. New O-rings were fitted to the service
connections and each magnet was pressure tested to
400 psi before reinstallation of the triplet.

As part of our preventive maintenance campaign,
hoses of vault quadrupoles 4VQ1, 4VQ2, 2CQ4 and
2CQ5 were changed. All of these elements are also lo-
cated in areas of high residual radiation.

In other areas work included normal maintenance on
both primary and secondary beam lines. Among oth-
ers, this involved changing all of the filters in the active
water system, making vacuum repairs at the M20 sep-
arator, installing lead shielding at the M9A TPC mag-
net, and starting the M9B channel solenoid. Stands
and specialty items were made for a run in the M13
channel that utilized a Russian-made solenoid that had
been previously used on the TISOL beam line.
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Success of this year's beam line 2C operation can
be attributed to an upgrade in the beam line diag-
nostics and to continued development of the control
system. The solid-target facility protect monitor was
redesigned to be more sensitive and thermal protec-
tion was added. A scanning wire monitor that is sen-
sitive over the entire dynamic range of the intensity
beam was added immediately upstream of the solid-
target facility. These diagnostics are in the beam line
2C control system, Vista (Tm), and are displayed on
the main console of the central control system. This
has greatly facilitated tuning of the beam line. Process
controls of target operations have also been developed
in Vista and have greatly reduced the chances of oper-
ator error. These improvements were instrumental in
allowing high current operation of beam line 2C when
beam line 1A was unavailable because of repair work
following the fall shutdown.

With beam line 1A off, a cyclotron tune was devel-
oped in which most of the circulating 40 fiA beam was
extracted at 85 MeV into beam line 2C. The remain-
der, except for that required by beam line 4 users, was
dumped on the high energy probes. This mode of oper-
ation, a reverse split ratio, was achieved using a 0.5 in.
wide stripping foil that produced a 0.75 in. diameter
beam at the target, the largest beam size acceptable
by the beam line and target.

Collaborations

In the first part of the year the group work focussed
on the TISOL expansion in the proton hall. This in-
cluded the assembly of new beam line elements and
the installation of a switchyard magnet and three sep-
arate beam lines. It occupied three technicians full time
for the first quarter of the year. Throughout the year
members of the group have assisted the TISOL exper-
imenters with their target changes.

In magnet work, two quadrupoles for the second arm
spectrometer (SASP) were assembled and made ready
for testing. During the second quarter of the year work
was begun on modifications to the SAGANE dipole for
use in the CHAOS experiment. The original unit was
rebuilt with additional steel and successfully tested in
the Mil area. Subsequently it was field-mapped by the
Magnet group.

Continuit.g KAON-related work saw the delivery
early in the year of coils for a prototype quadrupole
and its assembly begun. These activities are described
in more detail in the KAON PDS section.

CONTROLS

This has been a difficult year for Cyclotron Controls.
Budgetary constraints and loss of key personnel have

hampered most aspects of daily operation but in spite
of the problems significant improvements of the cy-
clotron central control system (CCS) have been made.
Loss of two of the most experienced members of the
Controls group necessitated reviewing and reassigning
software responsibilities to try to ensure continued reli-
able operation of the CCS and uninterrupted evolution
to an upgraded control system. The old control system
is now so obsolete that the upgrade has to be given pri-
ority in spite of maintenance requirements. Until the
upgrade is complete, reliable cyclotron operation is in
jeopardy.

Nova systems

The Data General (DG) computers, predominantly
Novas, continue to run most functions in the central
control system but there are increasing signs of their
advanced age which underlines the need for the up-
graded CCS. One example of this aged condition is
the disk failure of the third quarter followed by two
more disk failures early in the fourth quarter. For a
period of time the CCS was running without any spare
disks leaving a situation where another failure would
have made cyclotron operation very difficult. A vari-
ety of disk, tape, cpu and other components of DG
development and diagnostic systems have also suffered
problems but typically they are not as critical as the
computers directly controlling the cyclotron.

In general, the Controls group is attempting to mini-
mize the software development that is done on the DG
machines. The weekly maintenance load on the pro-
grams in these computers is still large but there is a
conscious effort to provide new functionality in the lo-
cal area VAX cluster (LAVC) where development and
support are easier. A specific goal was set to phase out
the DG computer called HLL. The software running
there was ported to the PROG computer and to the
LAVC. In the second quarter, during the shutdown,
HLL was no longer needed as a platform for executing
cyclotron programs. The effective removal of this com-
puter marks a milestone as the first DG computer to be
phased out and indicates the direction that the Con-
trols group will be following. Continued support for the
DG machines is still necessary and in fact quite impor-
tant. To this end, the primary development computer
call PROG, has received a VCR tape drive to allow
easier and more frequent backups. PROG is now con-
nected to the multi-ported memory (MPM). This con-
nection necessitated changing the MPM device code
on the interface and, to maintain consistency, all other
MPM interfaces were changed to the new value.
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CCS maintenance and developments

In an ongoing effort to provide a reliable control
system there is a continuing attempt to standardize
equipment, replace aging electronics and to configure
the system to maximize reliability and serviceability.

An important hardware development was the revised
0783 module, which connects a VAX Q-bus to the CCS
executive CAMAC crate. The new version allows very
long cable lengths and has permitted the reracking
of VAX equipment at a convenient but removed loca-
tion from the executive crate. The TRIUMF designed
and built 0783 module set is an extremely successful
project. A batch of these board sets was produced and
used to replace all of the CCS VAX to executive crate
connections and the ion source 4 CAMAC connection.
Next year will likely see another ten or so of these
board sets installed to new executive crates for BL2C
and I4/Cyclotron Development. The 0783 project may
be reactivated in 1992 to allow support of VAX tur-
bochannel connections to executive crates.

Several improvements have been made to provide
more reliable cyclotron operation. One of these is the
development of an auto bypass unit for serial CAMAC
crates. This device monitors the serial highway clock
signal and upon detecting a loss of signal, bypasses the
failed crate. The auto bypass unit helps avoid the rel-
atively common event of power loss to a single crate
which because of the serial nature of the CAMAC
highway causes loss of the entire system. Under the
bypassed state only the single crate is lost, not the
whole CAMAC highway. Another improvement is the
replacement of the RS232 drivers in the CCS by new
modules. The old drivers were obtained from several
sources and have caused problems for a variety of rea-
sons. The new drivers are supported by software and
the logs (Main Error, ISIS, OPS Error, etc.) have been
running smoothly in this configuration. Improvements
have also been made to the CAMAC crates through
reorganization and replacement. Crate 43A, the last
of the double numbered crates has been removed and
crate 43B was moved and replaced by a new Kinet-
ics crate. The policy of replacing aging CAMAC crates
has been proceeding for several years. In 1991 two more
crates were updated, 43B in ISIS and 51 in the rf room.
To better support diagnosing CAMAC problems a de-
vice called the exective crate trigger module (0719) was
designed and built by the Controls group hardware sec-
tion. The 0719 has been completed, tested and is in use.
It is a single width CAMAC module that monitors the
backplane of a GEC executive crate. The module is
used as a tool in identifying address and function pat-
terns on the backplane.

There are two ongoing hardware projects that are
noteworthy. A replacement for the main rf amplitude
setpoint controller (SPC) has been under development
for some time, and a functioning prototype has now
been installed. Another project is the development of a
multichannel 16 bit analog to digital converter (ADC)
that contains a digital signal processor (DSP) for real-
time signal enhancement. Prototypes of the DSP ADC
should be available in the first half of 1992.

Database

Since the beginning of the CCS there has been a
master database of cyclotron devices which resides in
the MPM. This description of the devices has and con-
tinues to play ?. fundamental role in the daily opera-
tion of the cyclotron. In 1988 a copy of the commer-
cial database product Oracle was purchased and a new
era of database development within the Cyclotron di-
vision started. The initial role for Oracle was to build a
comprehensive set of tables that describe the cyclotron
devices much as the MPM tables did but containing
many more parameters. This new master database is
now mostly in place and work is proceeding on keeping
the data up to date and developing an infrastructure to
properly utilize the information in the tables. In par-
ticular, Oracle work proceded in two areas; support for
beam line 2C and in creating copies of the MPM run-
time databases (RTDB) used by the DG machines and
the LAVC. One goal is to have the the BL2C database
constructed from the Oracle master database.

Central control system upgrade

The upgrade project involves porting the existing
control system functionality with enhancements from
the DG computers to a LAVC that employs multiple
connections to the CCS CAMAC executive crate. At
the beginning of 1991 the VAX cluster comprised two
microVAX 3400 boot nodes, three microVAXes (CA-
MAC servers) connected to the executive crate, eight
workstation., for software development, one worksta-
tion for hardware development and one workstation
for application and display purposes. During the year,
one of the workstations used for software development
was converted to a CAMAC server and another work-
station was purchased and dedicated to BL2C applica-
tions. Minor other hardware acquisitions occurred in
the form of a memory upgrade for one CAMAC server
and installation of a thinwire Ethernet fan-out unit.
The Controls group expects to increasingly use thin-
wire Ethernet due to the increased reliability of the
connections. Major hardware improvements occurred
in the reorganization of the existing LAVC and its asso-
ciated communications equipment including the thin-
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wire fan-out. Perhaps the most important hardware
acquisition was the new version of the 0783 modules
and the production and installation of a number of the
board sets described earlier. Because extended cable
lengths are possible with these boards, the CAMAC
servers and the boot nodes could be reracked in an
improved configuration. A complete rearrangement of
the communication equipment was also completed and
provides a much better layout. The new set-up has al-
most all of the LAVC and communications gear on a
Control's segment of Ethernet cable. This segment is
bridged off from the main segment.

The software development environment on the
LAVC has and continues to quickly evolve, reflecting
the very dynamic nature of the computer industry.
During 1991 all of the nodes in the LAVC converted
from the VWS windowing system to DECwindows and
the Xwindow protocol. During 1992 DECwindows will
evolve into DECwindows/Motif to embrace the Open
Software Foundation's new and widely accepted win-
dow manager, the Control's LAVC will adopt this
change. In addition to the windowing changes, the
VMS operating system was updated to VMS version
5.4 and then later to 5.4-1. During the 1992 spring
shutdown the cluster will move up to VMS 5.5.

Because most of the CCS applications involve CA-
MAC, the CAMAC software driver (SCI0783SHR)
that runs on the LAVC plays an important role in de-
velopments. SCI0783SHR was modified to suppo't the
latest versions of the 0783 board set and then later
on to provide special calls for diagnostics under the
BASIC language. Other developments in the environ-
ment were the improvements associated with the es-
tablishment of a standard file directory structure and
a standardized logical name convention for application
programs.

Newly developed software on the LAVC falls into one
of three basic categories; changes and enhancements
to existing applications, porting of funtionality from
the DG computers to new software in the LAVC and
the development of new capablities that exist only on
the VMS platform. Because the retirement of the DG
equipment is one of the major goals of the upgrade,
there is an emphasis on porting applications from the
Novas to the LAVC. An example of the first case is the
modification of the Cycscan utility, which logs data
on hundreds of cyclotron parameters, from using en-
coded CAMAC addresses to the simpler and more eas-
ily maintained system and thumbwheel conventions.
The third case is demonstrated by applications such
as the magnetic channel and DCD motor control win-
dows that allow operators to connect to the motor con-
troller microprocessor via a terminal emulator on the
workstation. This allows the operator to have multi-

ple connections to motor controllers from one worksta-
tion with the displays appearing as they do on a local
display. In the second category of new software, that
of ported functionality, a number of developments are
worth reporting.

A terminal based Remcon panel called TRC is avail-
able under VMS and a read-only version is accessi-
ble remotely to equipment maintenance personnel. The
more specific cyclotron displays, as generated by the
Novas, are known as Telterm pages. A utility called
Tardis that runs under VMS is being developed. Tardis
currently allows operators to construct Telterm-like
pages providing a character oriented output format.
In the area of error logging, a new program exists that
replaces the PROG based error message log. The VMS
version records the messages on disk where the files
are named by date. Replay of existing messages is ac-
complished simply using the VMS search command.
To provide trimcoil control from the LAVC a new pro-
gram was developed. The Nova trimcoil functionality
was enhanced to allow any number of trimcoils to be
run simultaneously and the new program, called Mul-
tiplet, also provides the very useful information about
when power supplies reach their limits. Software sup-
port for experiments has only rarely existed in the CCS
but one of the exceptions is the Beamplace program
that does closed loop beam positioning for beam line
4. Modifications have been made to the Beamplace pro-
gram. Previously, this program ran in a TRIMAC mi-
croprocessor and communicated with 2 computers in
the CCS. This system functioned well but the software
maintenance was a problem. The program has been
ported to run on the LAVC using only one cpu. This
cpu gets its working parameters from a CAMAC mem-
ory which has been set up by a Telterm page. The set-
up procedure will likely be moved to the LAVC during
the next year. The program was modified to meet the
new requirement of using a 4X4 feedback correction
matrix instead of the previous two uncoupled 2X2 ma-
trices. Beamplace also received a major enhancement
which allows automatic calculation of the calibration
coefficients. A more common example of porting ex-
isting functionality is the new package for cyclotron
timers. The timers keep track of a variety of param-
eters, such as beam current, on the basis of elapsed
time. This utility is a port and upgrade of the existing
timers code that runs on the DG computers. The new
code should facilitate the addition and removal of sim-
ple and integrated timers. A test version is currently
running in the LAVC with 58 simple and 47 integrated
timers. This version includes the addition of various
new beam line 2C and tank spill timers. A LAVC based
utility called RP (report), similar to the DG program,
allows users to retrieve timer data. There are also four
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LAVC based (Tardis) pages which display timer infor-
mation. For the next six months or so this package will
be run in parallel with the DG programs while testing
is being done. Eventually the old code will be retired.
The last example of ported functionality demonstrates
the advantages of the workstations and uses the ob-
ject oriented strengths of the Xwindow standard. For
a number of years the vector display units, known as
611's, have been recognized as obsolete. The present
need for more and enhanced displays has led to a search
for a replacement. A project is underway to produce
an Xwindow based histogramming utility that could
use any Xwindow server for display. A prototype pro-
gram is running and handling the ISIS skimmers. A
fully functional package should be running within six
months. When released, this product should avoid the
problems and cost associated with specialized hard-
ware such as the Tektronics 611 units and provide a
more flexible platform for further enhancements.

Ion source 4

Ion source 4 has seen several changes in the laser
control system. The CAMAC to VAX Q-bus hardware
has been upgraded to the TRIUMF designed interface.
The VAXstation involved had the VMS operating sys-
tem advanced to version 5.3 and support for Xwindows
has been installed. Work on migrating the VWS based
graphics to MOTIF and Xwindows has started. This
new windowing system will supply an improved user
interface. With regard to existing software, the func-
tionality of the spin flipping program has changed for
experimental requirements to support randomization
of spin state selection. In addition, a new bi-refringent
filter motor controller has been incorporated to provide
better laser power stability. As well as getting increased
power in each spin state, the chance of mode hopping
has been reduced.

OPERATIONAL SERVICES

Power supplies

During the year, the Magnet Power Supply group
was involved in mainly routine maintenance and shut-
down activities. This task became more difficult as a
result of financial restrictions interrupting the normal
requisition flow.

Water leaks on the septum magnet created ground
faults which required the power supply to be isolated
from ground to continue operating. As time progressed,
the septum magnet was deteriorated further with mul-
tiple ground faults that disrupted the normal beam op-
eration for Mil experimenters with insufficient beam
stability. A direct voltage feedback loop was imple-
mented to improve beam stability to the point that

at least the experimental run was not lost.
The new Russian superconducting solenoid was pow-

ered in both TISOL and M13 using M9 superconduct-
ing solenoid supply. This was the only supply on site
suitable for this particular load. A temporary cable
run was installed to permit operation in the TISOL
test area. This magnet will be powered in the future
by a dedicated supply system.

The final phase of the resistor heat sinks in the
main magnet power supply were replaced as a contin-
uation of the work to eliminate water leaks which had
been plaguing operation previously. The supply was
recommissioned without difficulty. Leaking passbanks
in other power supplies continue to be a problem where
Wakefield series 180 heat sinks had been found to de-
velop pin hole leaks.

Installation of the new polarity switches started in
the meson hall, and will continue as the schedule per-
mits. Further work was done to investigate the er-
ratic operation of the cyclotron elevating system. Other
work involved was done to inspect the T and H coil
connectors of the junction boxes in the vault.

The Magnet group also provided support to the ex-
perimental program, TR30, and the laser lab.

Plant - electrical

Maintenance of electrical equipment was very in-
tense this year because of the increasing failure rate of
aging components. Motors, for a total of 415 HP load,
including the 200 HP aluminum low conductivity wa-
ter main pump, cyclotron elevating jack motors, instru-
mentation air motor and raw water booster pump, all
failed and were replaced. A severe problem with the cy-
clotron elevating system incoming power controls was
sorted out and repaired.

Major engineering projects included design and
upgrade of the meson hall extension service annex
(MESA) fire alarm system, design and installation of
dc cabling for DASS/SASP, load rearrangement at
some major distribution centres to reduce power losses,
and design of the upgrade of the accelerator building
lighting.

A substantial effort was put towards the design and
implementation of a formal energy management pro-
gram, which was started in May, to improve the effi-
ciency in the use of electricity. This included the in-
stallation of a data acquisition and analysis software
program, the inventory of all major electrical loads
and coordination of their operations schedule to limit
the peak power demand, and administrative and/or
automatic procedures for light switching. Under the
Power Smart agreement with B.C. Hydro, a proce-
dure was initiated to replace all failed electrical com-
ponents with higher efficiency units. Notwithstanding
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a sustained electricity demand, the combined effort of
energy management measures and Power Smart initia-
tives resulted in a noticeable accumulated saving over
the power budget since the inception of the program.

The average monthly peak power demand was 7690
kVA, about 2.4% higher than in calendar year 1990;
the average monthly consumption was 4683.46 MWH
(a 7.1% increase from 1990); the annual average power
factor improved from 94.5% in 1990 to 95.3%. The
annual accumulated electricity consumption was 56.2
GWH. The same comparison over the energy man-
agement period (May-December) shows 7981.3 kVA,
4816.2 MWH, 94.9% for 1990, and 7856.4 kVA, 4717.3
MWH, 95.5% for 1991, down 1.6%, 2.1% and up 0.63%
respectively. Comparative figures for calendar years
1990 and 1991 are shown in Fig. 175 and Fig. 176.

Other projects included power to hot cells ventila-
tion in the meson hall, additional power capacity in the
proton hall, and to Nordion for their MESA laboratory
and P13 targets, continuing assistance and support to
experimental groups and cyclotron operations.
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Fig. 175. Power demand, 1990 and 1991 (comparative).
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Fig. 176. Power consumption, 1990 and 1991 (compara-
tive).

Considerable engineering support and coordination
was provided to Ebco in the design of the emergency
power system upgrade for the TR30 hot cells radia-
tion exhaust system, the design of preliminary elec-
trical systems interface for the INER cyclotron, and
electrical systems for factory tests.

Plant - mechanical

Mechanical services carried out a wide variety of
work on building services, heating and ventilation sys-
tems, and water cooling systems associated with the
main cyclotron and provided cost and heat load esti-
mates for a number of projects. In building services,
the heating water #2 boiler was mechanically rebuilt.
Domestic hot water was provided to the MESA base-
ment. A site wide review of cranes and lifting equip-
ment was completed and a corresponding visit from
the Workers' Compensation Board has outlined a defi-
ciency list which we have undertaken. An estimate was
also made to provide site-wide fire sprinkler coverage.
Air conditioning was installed and upgraded in several
of the trailers and an overhaul of one of the RMC AC
units was required. Backup chilled water was provided
to the VAX room air conditioners in the chemistry an-
nex to avoid over-temperatures when the CP42 wa-
ter chiller fails. Estimates were prepared to air condi-
tion trailer Qp and the interm lab. Performance of the
BL1A tunnel nuclear exhaust fan was confirmed. Due
to excessive water leaks in BL1A, several shipments
of de-ionized water were required from the B.C. Hy-
dro Burrard Thermal Generating Plant at loco. Some
of the leaked water was reclaimed by pumping out of
the active sump into the CuLCW system through fil-
ters and a de-ionization column. A heating study was
made for the KAON ferrite RFB tuner. A new ISIS
laser heat exchanger was specified, and studies made
for the service requirements for the new SASP and new
proton hall power supply mezzanine.

A major effort was made on behalf of Nordion and
the chemistry annex. During the CP42 shutdown the
large projects were the installation of a new plate type
heat exchanger, the mechanical overhaul of the water
chiller, and the changeover of the building ventilation
supply air source from the nearby but contaminated
meson hall to 100% fresh outdoor air. Air conditioning
was provided to the target cave and the service room.
A remake of the vault and caves' nuclear exhaust sys-
tem for both CP42 and TR30 was begun. Exhaust was
provided for the previously unserviced CP42 cave, and
control dampers installed on all point sources for the
exhaust networks to allow switching of exhaust points
depending on the position of the shielding doors. Me-
chanically complete, this project leaves only the con-
trols to be undertaken in the new year. Breathing ap-
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paratus headers were installed in the penthouses and
at the target caves.

Problems with compressed air supply pressure have
plagued the chemistry annex and meson hall. Several
steps have been taken to help. The supply air for the
meson hall experimental beam lines came from the
chemistry annex headers thereby overloading the over-
all supply system. This has been corrected by the con-
nection of the experimental areas directly to the service
annex basement air headers, providing the meson hall
with its own supply line. Measurement of the air con-
sumption in the chemistry annex indicated 24 SCFM,
a full one quarter of the TRJUMF main air compres-
sor. A new compressor to backup the main supply air
has been ordered and will be installed in the new year.

On behalf of EBCO Technologies, the TR30 build-
ing systems commissioning was ongoing. A new TR30
de-ionized water circulating pump was installed. The
INER project water package was developed during the
year and year-end saw completion of engineering de-
sign and issue of material purchase orders for startup
on February 1, 1992. Cost estimates were provided for
Nordion-supplied target station cooling water packages
for the INER project.

Vacuum

The upgrading of vacuum measurement and control
continued throughout the year. The conversion to wide
range rough vacuum gauges was extended to BL1A
and IB. The Electronics group developed a cold cath-
ode high vacuum gauge controller similar to the rough
gauge controller. All cold cathode gauges in primary
beam lines are now operated by these units. Control of
the beam line 1 and 4 radiation hard valves and fast
valves is now included in the tank system and the old
dedicated control boxes have been retired.

The dry nitrogen venting system has worked very
well. It allows fast recovery from brief emergency vents,
with 100 fxA restored less than 20 hours after pump-
ing was started. It has also been used to shorten pump
down times after long exposure by flushing the tank
with dry nitrogen early in the pump down cycle. This
can shorten the time to stable rf operation and injec-
tion by 24 hours.

There were two major MRO tasks completed this
year. In the spring shutdown both main seals were re-
placed. Both the removal of the old seals and the in-
stallation of the new ones were done remotely. In the
fall shutdown a leaking seal in extraction probe 4 hous-
ing was replaced. This involved the remote removal of
the extraction probe gate valve and the "hands on" re-
moval of the housing section that passes through the
magnet yoke. The "hands on" portion was coordinated
by Remote Handling as it was in a high radiation area.

Successful completion of these jobs resulted in routine
operating pressures below 5 x 10~8 Torr on both sides
of the dee gap.

PROJECTS

ISAC post-accelerator

A conceptual design of an ISOL post-accelerator
based on superconducting linac structures developed
at the Argonne National Laboratory was described in
the 1990 Annual Report. In this case the periodic fo-
cusing provided by 7 Tesla superconducting solenoids,
spaced at eight cell intervals, could maintain adequate
compensation for rf defocusing at the accelerating gaps
only if the accelerating gradients were kept well below
the demonstrated 6 MV/m capability of the acceler-
ating structures. To permit higher accelerating gradi-
ents several other focusing schemes have been stud-
ied. These include: reduced solenoid spacing to every
four celH; increased solenoid magnetic induction from
7 Tesla to 8 Tesla; and use of short radio-frequency
quadrupole units as focusing elements.

To do beam dynamics calculations with RFQ fo-
cusing elements, an RFQ option was added to the
PARMION linac code. The RFQ in this case is p\
long and acts like a quadrupole doublet with time de-
pendent fields that can be much higher than for an
electrostatic quadrupole. With 6 MV/m accelerating
gradients, it was found that RFQ focusing elements
having an aperture of 1 cm radius, a pole tip field of
93 kV/cm, and spaced at eight cell intervals would pro-
vide sufficient focusing to produce a beam envelope of
0.8 cm or less along the entire length of the 50 MHz
section of the linac. This linac section, consisting of
seven 4 cell ANL type tanks and three RFQs would
then be 2.7 m long. In the earlier design it contained
twelve ANL-type tanks along with six solenoids, and
was 5.7 m long.

Two variations of solenoid focusing have also been
studied. By reducing the 7 Tesla solenoid spacing to
every four cells, adequate focusing can be maintained
for accelerating gradients of 4.8 MV/m. The linac sec-
tion in this case would contain eight ANL-type tanks
and eight 25 cm long solenoids and have a length of 4.8
m. If the solenoid magnetic induction were increased
to 8 Tesla, a solenoid every eight cells would be pos-
sible and the linac section length would be reduced to
3.7 m.

A final choice for the focusing configuration will have
to be made on the basis of cost and engineering con-
siderations as well as the beam dynamics considered
so far. Whether the advantages obtainable with RFQs
(fewer elements and a shorter accelerator) will out-
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weigh the other technical complexities is a subject for
future investigations.

TR30-15

On April 23, Ebco Technologies was awarded a con-
tract to build a TR30 type cyclotron for the Institute of
Nuclear Energy Research (INER) in Taiwan. This cy-
clotron is to be similar to the TR30 built for Nordion,
with the addition of the ability to accelerate deuterons
to 15 MeV, and is thus known as the TR30/15. TRI-
UMF played a key role in technical support of this bid,
and continues their strong support in the execution of
the project.

On the TR30/15 project, increased emphasis has
been placed on improving the process of cyclotron pro-
duction. This involves improved documentation of the
systems, and more systematic approaches for moving
from concept to design to product. In the areas of
controls, rf, and beam dynamics, TRIUMF is again
playing a leading role. However, this time increased
attention is being placed on training Ebco personnel
to handle these areas. As well a comprehensive train-
ing program for the customer's staff is being developed
as a cooperative effort between TRlUMF's knowledge
resource and Ebco's experienced technical writer.

In the course of the TR30/15 project it has been
encouraging to see that the lessons learned from the
first TR30 project have greatly improved the process
of technology transfer. We now see more of a two way
flow - with TRIUMF learning more about structured
design processes and Ebco acquiring more cyclotron
design, implementation and operation knowledge.

Assembly and testing of the cyclotron will be done
at TRIUMF, with final commissioning of the complete
system at INER early in 1993. At present work on the
cyclotron is progressing rapidly, with an expected ship-
ping date in November 1992.

TR13

A concept for design of a 13 MeV proton cyclotron to
produce PET isotopes has been recently proposed by
TRIUMF and Ebco Technologies Inc. This is in accor-
dance with the rapid growth in using PET methods for
medical imaging and the awareness that it might be-
come a promising product for this market. Proton en-
ergy of 13 MeV is a compromise between a trend to re-
duce the amount of shielding and a practical thickness
of the target's window, enabling high enough proton
energy for reasonable production cross section. This
way, the four most commonly used PET isotopes ("C,
13J\J I5Q ispj c a n be produced with fairly high yields
by using moderate currents (~50 fiA). For some poten-
tial customers, however, there is an advantage in pro-

ducing these isotopes by accelerating 8 MeV deuterons,
rather than protons, enabling a more flexible choice of
target materials. Recognizing this, the proposed de-
sign for a 13 MeV single frequency proton cyclotron is
retrofittable, as much as possible, to a dual frequency
13(17)/8 MeV production/deuteron accelerator. The
proposed cyclotron also includes an automated pro-
duction of the isotopes and chemical processing of the
required radiopharmaceuticals.

In order to save design time, because of marketing
constraints, it has been decided to base the design of
the TR13 cyclotron on the TR30. It has been under-
stood, however, that for the long run, a more care-
ful design should be applied in order to reduce costs
and simplify the manufacturing and maintenance of
the cyclotron. Consequently, the same central region
and the inflector have been retained. The magnet and
the rf system have been designed for 17 MeV protons
(8 MeV deuterons), although extraction is planned for
13 MeV to reduce shielding. The cyclotron is planned
to be self-shielded and mounted with a vertical median
plane (horizontal axis), as shown in Fig. 177.

The main magnet of the TR13 cyclotron is a four
sector AVF magnet designed for 17 MeV protons (8
MeV deuterons) at a maximum orbit radius of about
50 cm, with the pole face and the hills in one piece. The
important parameters of the present design are listed
in Table XIV.

The rf system consists of two 41° dees located in
opposite valleys of the magnet, coupled together at the
centre. Each dee, together with a radial co-axial stub
forms a resonator (almost 1/4 wave length) operating
at 75 MHz, with a potential of 50 kV at the dee tip.
The centre conductor of each stub is helically formed
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Fig. 177. TR13 radioisotope generator, showing the cy-
clotron yoke and target shields open for access.
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to reduce its length. The important parameters of the
rf system are also listed in Table XIV.

Target assemblies can be attached to either or both
extraction ports, located at two sides of the magnet,
and consist of a selectable magazine of four targets on
each side (see Fig. 177).

The ion source is a TRIUMF development of a re-
duced size multicusp external source capable of deliv-
ering up to 1 mA H~ at 25 kV. The injection line will
be a simplified version of the TR30 line, using the same
inflector.

The parameters of the TR13 cyclotron, presented in
this report, may be modified when a detailed design of
the various components is done.

2 MeV accelerator

A group at TRIUMF, in collaboration with a lo-
cal manufacturer, has been examining the feasibility
of constructing a high brightness 2 MeV proton accel-
erator for industrial applications. The proposed design
uses the TANDEM approach to accelerate up to 10
mA of current from an H~ multicusp type ion source.
Special attention has been given to the stripper de-
sign in order to minimize the emittance growth due to
Coulomb scattering as the electrons are removed from
the H~ to form protons. A proposal requesting funds
for constructing a prototype unit at TRIUMF has been
forwarded to the Canadian government.

Table XIV. TR13 cyclotron parameters.

Overall
Accelerated particles
Extracted particles
Energy (fixed)
Intensity
Weight with shielding

Main Magnet
Sectors
Hill angle
Hi]] outside radius
Nominal hill gap
Valley gap
Average field
Hill field
Ampere turns
Magnet power

R F
Dees
Dee angle
Harmonic mode
Frequency
Dee peak voltage
rf power

ISIS
Type
Current
Injection line

Vacuum
Pumping
Vacuum

R-
H+
13 MeV
50-100 pA
~20 tonne

4
38°
56 cm
4 cm
18 cm
1.2 T
1.9 T
8.5 x 104

-22 kW

2
41*
4
74 MHz
50 kV
20 kW

External, multicusp source
1 mA
3 or 4 magnetic quadruples

1 cryopump
6 x 10-7 Torr
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KAON FACTORY PROJECT DEFINITION STUDY

INTRODUCTION

This year has seen the accomplishment of perhaps
the most crucial step on the road to approval of the
KAON Factory — the Canadian government's offer
to pay $236 million, its one-third share of the con-
struction cost, matching that made last year by British
Columbia. The announcement, on September 19, was
made almost simultaneously in Ottawa and Vancou-
ver by its chief architects, the federal Minister of Jus-
tice, the Hon. Kim Campbell, and the B.C. Minister of
Education, the Hon. Stan Hagen. The Vancouver an-
nouncement was made right on site at TRIUMF, pro-
viding an occasion for a suitable celebration by staff,
visitors and friends. Congratulations poured in from
around the world, and we were subsequently honoured
by a visit by the B.C. Premier, the Hon. Rita Johnston.
Prime Minister Mulroney has also made supportive re-
marks on several occasions during the summer and fall.

The next steps in the process — the continuation
of federal/provincial negotiations on operating costs,
and the initiation of negotiations abroad to confirm
previous pledges towards the remaining one third of
the capital cost — have been delayed by the elec-
tion and change of government in British Columbia.
The new premier, the Hon. Mike Harcourt, has al-
ready expressed his support for the project, and the
federal/provincial negotiations are expected to resume
soon.

On the technical side work has continued on seeking
general design improvements and on commissioning,
testing and improving the various prototypes. In this
we 'iave benefited from ever stronger collaborations
with other laboratories, particularly the SSC (acceler-
ator design, rf, controls and power supplies) and INR,
Moscow (accelerator design, tf, beam pipe and experi-
mental facilities). We have also gained from the advice
of numerous visiting experts, especially during the ac-
celerator workshops held in May and August which
attracted eighteen and thirteen visitors, respectively.

Some highlights from this year's work, listed in the
order in which they are described below, are as follows:

• development of a racetrack-shaped lattice for the
Booster, in collaboration with INR; this provides
easier extraction, superior optics and freedom
from synchro-betatron resonances, but requires a
22% larger circumference;

• design of collimator systems for the Booster and
Driver with 90% collection efficiencies;

• a scheme for shortening the base length of the ex-
tracted proton bunches from 3 ns to 0.5 ns;

• feedback schemes which would synchronize each
of the five pulse trains from the Booster to about
1 ns for transfer to the Collector;

• a beam position monitor, incorporated in a sec-
tion of SAIC ceramic beam pipe, has been tested
successfully with the 500 MeV proton beam;

• an impedance measurement capability has been
developed, and the impedances of the beam posi-
tion monitor and the kicker determined;

• the coils for the prototype Booster quadrupole
magnet were completed, the magnet assembled
and tested, and field measurements made;

• the prototype Booster dipole was tested on the full
dc + ac current cycle at 30 Hz;

• the Booster rf cavity has been operated at full
power, giving 65 kV pulses with 46-61 MHz fre-
quency swing at 50 Hz — the first full-scale
demonstration anywhere of the superior capabili-
ties of perpendicularly-biased ferrite tuners;

• the rf fast feedback loop and a bias tuning loop
around the rf amplifier chain have been closed un-
der dc biased conditions;

• reconfiguration of the 1 MHz chopper for the in-
jection line, using a single tetrode at the centre of
the storage cable, has been successful in reducing
the effective pulse rise and fall times to 38 ns, as
required;

• SAIC (San Diego) has laid down silver stripes in
internal grooves on three 1.3m-long curved ce-
ramic tube segments and has joined them into a
3.9m-long pipe by glazing;

• vacuum tests on the RAL-designed ceramic beam
pipe showed that bakeout at 100°C is essential for
a quick putnpdown;

• the first magnetic channel for the H~ extraction
from the cyclotron has been commissioned; beam
tests show full transmission through the channel
and a 10 cm separation from the circulating beam;
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• the object-oriented techniques proposed for
KAON controls have been successfully used to
create a new control system for the radioisotope-
production beam line 2C;

• successful tests were carried out on remote welding
of aluminum flanges for high radiation areas;

• the quadrupole designs for the three storage rings,
A, C and E, have been rationalized, reducing the
number of designs from 27 to 12;

• the construction schedules for the various techni-
cal systems have been updated for a six-year con-
struction period and a review of the manpower
requirements is under way.

Thirty-eight Design Notes were issued this year and
22 papers were presented at the Particle Accelerator
Conference in San Francisco.

ACCELERATOR DESIGN

Introduction

The major thrust in accelerator design has been
to examine racetrack-shaped Boosters, which would
avoid the major weaknesses of the circular reference
design, i.e., the very demanding specifications for the
extraction elements, and the absence of any dispersion-
free straight sections in which to place the rf cavities.
A lattice proposed by our INR collaborators has ex-
tremely good optical properties and is now being inves-
tigated in detail. Because more quadrupoles are needed
and space is already tight, the Booster's circumfer-
ence would be increased from 216 m to 264 m. This in
turn would require a change in frequency either of the
Booster to 40 Hz, or of the Driver to 12.5 Hz. (A lattice
based on similar principles designed by U. Wienands
has now been adopted for the Low Energy Booster at
the SSC.)

Collimator arrangements have been studied for the
Booster and Driver, and simulations have shown that
80% collection efficiencies can be achieved using copper
or 90% with tungsten.

Further developments to tracking codes using
differential-algebra maps allow more efficient study of
aberrations and fringe-field effects and the possible
elimination of selected resonances.

Longitudinal dynamics studies have shown that it
may be possible to shorten the base length of the
bunches from the Extender from 3 ns to 0.5 ns. This
would require longitudinal impedance less than 2fi,
operation near transition ("ft = 40), and a special
250MHz rf system. In the Booster, certain longitudi-
nal coupled-bunch instabilities remain a problem, even
when the parasitic modes in the rf cavities are reduced

to 1 kft; at least one active damping system will be
necessary. Tolerances on vertical voltage variations at
the accelerating gaps have also been studied.

Synchronizing each of the five pulse trains from the
Booster to about 1 ns, for transfer to the Collector, is
a major challenge. Two feedback schemes have been
devised to achieve this, based on adjustment of either
Booster radio frequency or magnetic field; the former
appears to have some advantages.

A beam position monitor, constructed by modifying
a section of SAIC ceramic beam pipe, has been tested
successfully with the proton beam in beam line 1A.
Measurements of the longitudinal coupling impedance
of a similar model showed that it meets the 1 fi design
requirement.

Lattice studies

Alternative Booster lattice

A new attempt was launched to design a racetrack
lattice for the Booster, after the Moscow Kaon Factory
(MKF) team's design for the MKF Booster and the de-
sign of the SSC Low Energy Booster (LEB, see below).
These two are based on similar structures, demonstrat-
ing the good optical properties of the type of arc super-
period used. The advantages sought were dispersion-
less straight sections for placement of rf cavities and
beam-transfer elements, thus relaxing the demands on
the extraction hardware, and the possibility of using a
partial Siberian snake to avoid imperfection depolariz-
ing resonances. A racetrack structure with three LEB-
type superperiods in the arcs used the space available
quite efficiently but was proven to be optically infe-
rior, due to its relatively large 2nd-order aberrations,
to a 4-superperiod structure proposed by our collabo-
rators from the INR in Moscow. This lattice structure
is very similar to the LEB, except for its twofold rather
than threefold symmetry, and exhibits very good ac-
ceptance, > 10007T mm-mrad. Hardware parameters
for the extraction kicker are relaxed almost by a factor
2 relative to the circular Booster extraction system. As
an added bonus the horizontal aperture of the dipoles
is smaller by 2 cm compared to the dipole aperture
in the circular reference design. Figure 178 shows the
lattice functions of one half of the ring. The lattice is
currently being developed in detail for placement of all
hardware components.

SSC Low Energy Booster lattice

The experience gained at TRIUMF in the design
of high-71 lattices has led to a collaboration with the
Superconducting Super Collider Laboratory in Dallas,
TX, as a result of which a TRIUMF-designed lattice
was adopted for the Low Energy Booster (LEB). The
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Fig. 178. Lattice functions of the racetrack Booster.

lattice has threefold symmetry and dispersionless long
straight sections for placement of rf cavities, beam-
transfer systems, and various diagnostic elements. yt is
higher than 20, well beyond the top energy of the LEB
of 11.1 GeV. This is achieved by introducing empty
cells between every two FODO cells in the otherwise
regular structure of the arcs, giving each arc a periodic-
ity of four. The feasibility of acceleration of polarized
beams is maintained by "tailoring" the spectrum of
intrinsic depolarizing resonances, thus reducing their
number to four, which are fairly evenly spread over
the energy range. This was done by setting the phase
advance across each straight section to 1, making the
straights unit sections in that plane and, thus, "invis-
ible" to the beam. In addition, peak dispersion in the
arcs was kept below 4 m to facilitate cogging and syn-
chronization with the Medium Energy Booster (MEB)
without requiring additional horizontal aperture.

Following this design effort an analytic description
of lattices of this kind is being developed at TRIUMF.
This work not only gives an a posteriori justification of
the LEB lattice parameters chosen, but also allows for
a systematic evaluation of different high-7( lattices. It
was already a useful aid in the Booster lattice devel-
opment described below.

Beam collimation

In order to facilitate the study of beam collimation
systems collimator routines had been designed for the
lattice and tracking code DIMAD in '990 (see TRI-
UMF Annual Report 1990). Using these routines beam
collimation systems were designed for both Booster
and Driver accelerator lattices. In both cases the colli-
mation system consists of a primary collimator, which
defines the aperture of the ring, and two secondary

collimators (one per plane) that absorb as many of the
particles scattered out of the first collimator as possi-
ble One each of such groups is used per plane, bringing
the total number of collimators to six. As there cannot
be any magnetic element between primary and asso-
ciated secondary collimators, one half-cell is used for
each group.

Booster

The primary horizontal collimator was placed close
to the zero-crossing of the dispersion function r\. In
this way the influence of the momentum spread of the
beam on the transverse collimation is minimized. Un-
fortunately this is a low-#r region, a price that has to
be paid. The vertical collimation system is located in
a long straight cell with the primary collimator at a
location with high 0y.

For a realistic simulation of the beam-collimation
process the growth in betatron amplitude would have
to be included in the tracking. This is impractical at
this time as the growth rates are not well known and
a full simulation of a realistic model of the lattice in-
cluding all effects that can produce amplitude growth
was too time-consuming for this study. Therefore the
absorbers that make up a collimator were moved trans-
versely into the beam during the course of the simu-
lation rather than letting the beam grow into the ab-
sorbers. The speed at which the absorbers were moved
was typically about 40 |*m/turn, reflecting the assump-
tion that most of the losses will occur within the first
100 turns.

Figure 179 shows the loss-collection efficiency as a
function of beam energy for 0.25 m tungsten (W) and
0.5 m copper (Cu) absorbing material; this is the ratio
of the fraction of particles absorbed by the collimation
system to the fraction intercepted by one of the col-
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Fig. 179. Loss-collection efficiency in the Booster.
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limators but stopped somewhere else in the ring. As
is evident, collection efficiency is ca. 10% higher with
tungsten leading to a reduction of losses everywhere
else in the ring by a factor of 2.5 at 450 MeV. As most
of the distributed losses occur on elements immediately
downstream of the collimators the loss rate in 5/6 of
the ring is only about 2-3% of the total number of par-
ticles removed by the beam collimation system, which
is sufficient to keep the ring accessible if the operating
losses are 1% or less. The radiation load on the mag-
nets close to the collimation system and its effects will
have to be studied in greater detail.

Driver

In the Driver lattice the dispersionless long straight
sections allow for optimal placement of the collimators.
As in the Booster, one primary and two secondary col
limators are provided each for the horizontal and the
vertical plane collimation; thus the whole collimation
system occupies one cell of the straight section. Pri-
mary collimators are located at a high-/? location for
their respective plane of collimation. The simulation
was carried out in the same way as in the case of the
Booster. Loss-collection efficiency is quite high, about
95%, again with most of the distributed losses occur-
ring in the collimation straight section.

Program development

Programs FAST and DIMAD

Work on the development of the new tracking pro-
gram FAST was pursued actively. The program can
track particles around a ring lattice using a description
file created by DIMAD. This eliminates much of the
overhead needed to generate alignment and field errors.
Some analysis tools existing in the program DIMAD
have been transferred to the new program. FAST can
also generate one-turn differential-algebra (DA) maps
up to order 10, higher at the expense of time and vir-
tual memory needed. The maps can be used within
FAST itself to generate many-turn map tracking and
analysis. This feature was used by X. Wu of the LEB
group at the SSC Laboratory to study aberrations in
the LEB. In comparison with DIMAD, 8th-order maps
were found to be adequate to simulate accurately the
behaviour of the LEB ring.

The study of beam dynamics in a ring requires the
ability to correct a real lattice for imperfections like
higher-order and coupled resonances. This can be done
easily if one has the capability of parameter analysis
of some results. For example, if one obtains the ampli-
tude and phase of a given resonance as a function of
the strength of some multipoles suitably placed around
the ring then an implicit solution for these strengths to

reduce the amplitudes to zero would solve the problem
of reducing, possibly eliminating, a given resonance.
For this reason we are introducing in FAST the ca-
pability of producing DA maps containing multipole
strengths as extra parameters. As soon as we have ac-
cess to easy determination of resonance strengths, the
above problem will be solvable.

Programs COSY and DALIE

The COSY program by M. Berz has the special ca-
pability of allowing the definition of elements via their
magnetic and electric potentials. It also allows the def-
inition of fringe fields of elements following the formal-
ism introduced by H. Enge. However, the input for-
mat of COSY is very different from the STANDARD
input format used by MAD, DIMAD, TRANSPORT
and other programs. To get easy access to this feature
a translation routine was written within DIMAD cre-
ating an input file for COSY of any lattice devoid of
misalignment or field errors.

The translation program was used by X. Wu at the
SSC Laboratory and enabled him to translate a DI-
MAD description of the LEB ring into COSY input
format. COSY was then used to examine the effects of
realistic fringe-field shapes on beam dynamics in the
LEB. The conclusion was that only at high emittances
(test beam operation) some fringe-field effects became
apparent.

If the need arises we will extend the capability of the
translation routine to include errors. This will require
some new routines to be written for COSY.

DALIE, a package written by E. Forest and M. Berz,
analyzes DA maps and computes the momentum and
emittance dependency for tunes and /?- or ^functions.
It can also determine resonance strengths associated
with transverse motion of finite amplitude (although
this aspect is not operational at this moment). For
comparison studies we adapted the input and out-
put format of maps generated by DALIE, COSY, and
FAST so that transfer of DA maps between these pro-
grams is easily achieved.

Scenarios for new Booster design

A new design is of interest because the old (circu-
lar) design is very tight and because a racetrack lat-
tice could relieve some of the most difficult aspects of
the Booster design. From the point of view of beam
stability, the most important advantage of racetrack
lattices with dispersionless straights is that synchro-
betatron resonances become less of a concern. In par-
ticular, the circular lattice would have required oper-
ating the rf cavities in symmetric pairs with closely
matched voltages. Also, with that particular symme-
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try imposed upon the rf cavities, it was prob;bited to
operate with the horizontal tune near an even integer.
With the dispersionless racetrack design, both these
constraints disappear.

Booster of lower energy

To relieve the tightness of the circular 3GeV
Booster, one can contemplate lowering the Booster en-
ergy (to 2.6 GeV, say), leaving the circumference un-
altered but all the magnets shortened. Another ad-
vantage is that the rf voltage in the Booster comes
down from 750 kV to 713 kV. There are several disad-
vantages: the tune shift in the Collector rises to 0.24;
the rf voltage in D must be 9.3% higher to capture the
same longitudinal emittance; the magnet apertures in
C and D need to be 6% larger.

Larger size Booster at lower repetition rate

Going a step up in Booster harmonic number to
A=55 (Circumf.=264 m) while keeping the Driver at
10 Hz requires a Booster rep rate of 40 Hz. This would
ease the design of all hardware in the small rings,
but there are three disadvantages. (1) Transverse emit-
tances must be a factor 50/40 larger for the same tune
shift in A and B, making apertures in all rings 12%
larger. (2) The rf voltage required in B rises by 11%
to 830kV. (3) The synchrotron tune rises from 0.05 to
0.06.

Larger size Booster retaining 50 Hz rep rate

This scenario requires a 12.5 Hz Driver. The trans-
verse emittances can remain as they are in the refer-
ence design. With less beam charge per ring, the lon-
gitudinal emittance can be reduced from 0.048 eVs to
0.040eVs for the same longitudinal instability thresh-
olds and tune shifts. The painting process in A will
be less efficient, but fewer turns are involved. The
Booster rf voltage increases, but only from 750 kV to
787kV. Significant advantages arising from faster cy-
cling are that the tune shifts in the large rings drop by
20%, beam loading goes down by 20% in all rings, and
bunches from the stretcher can be 20% shorter. There
are only two significant disadvantages. (1) The required
rf voltage in D rises from 2.55 MV to 2.93 MV. (2) The
magnets and power supplies in D are more expensive.

Short bunches for slow extraction

The momenta of neutral kaons produced by a proton
bunch can be measured by time-of-flight. Clearly, for
a given path length, the shorter the proton bunch the
more accurately the momentum can be determined.
At least one experiment requires bunches to be shorter
than about 1 ns at base, while in the reference design

the base length is 3 ns. We have investigated methods
of shortening the bunches extracted from the Extender
in the slow extraction mode.

Bunches can of course be shortened by raising the
rf voltage. However, the dependence is weak (Al ~
J/"1 '4) so to guarantee no beam outside a 1 ns bunch
length requires an unrealistically large rf voltage of
80 MV at 62 MHz. It turns out to be possible to go to as
much as a 4 times higher rf frequency and still accept
the bunches extracted from the 30GeV synchrotron.
This saves a factor of 4 in rf voltage since for station-
ary buckets only the slope of the rf waveform matters.

Another strategy is to operate the E-ring close to
transition. There are two reasons why we are pro-
hibited from operating arbitrarily close to transition.
Firstly, the bunches coming from the D-ring are still
long, and must be shortened by bringing the rf volt-
age up from a low value. To maintain adiabaticity, the
voltage must be raised the more slowly, the closer we
are to transition. For example, with yt— 40, one third
of the 100 ms cycle would be lost (no extraction oc-
curring) to voltage ramping. Secondly, the microwave
instability threshold intensity is lower the closer we are
to transition. For a given intensity, this impacts the up-
per allowable limit on the beam coupling impedance.
In the 7t=40 example, the upper limit on \Z/n\ is 2Q.
(Z is the longitudinal beam coupling impedance and
n is the frequency divided by the beam's revolution
frequency in the ring.)

A third strategy is to trim the proton bunch after
extraction by including a beam chopping device in the
beam line between the E-ring and the kaon produc-
tion target. The idea is to drive the chopper (basically
an rf deflector similar to that used in rf separators)
at the frequency (or a harmonic) of the E-ring rf fre-
quency, thus sweeping the beam past a septum. With
proper phasing, the head and tail of the bunch can be
rejected while the main portion of the bunch carries on
to the production target. The required deflection volt-
age is modest because in chromatic slow extraction the
horizontal emittance is reduced by an order of mag-
nitude compared with that of the circulating beam.
(However, octupoles may be required in the E-ring to
ensure that the separatrices of the third integer res-
onance are sufficiently linear.) Another characteristic
of chromatic slow extraction is that although it leaves
the base length of the bunch practically unaltered, it
shortens the FWHM length by a factor of two. Hence,
the base length of the bunches can be reduced by a
factor of two while throwing away only a few percent
of the beam.

An example of a scenario capable of achieving a
bunch base length of 500ps at lOOpA is as follows.
With the E-ring engineered to have \Z/n\ < 2 Q and
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7t tuned to 40, a 250 MHz rf system ramps from 150 kV
to 5MV during the first 35 ms of the 100 ms cycle, and
extraction occurs during the remaining 65 ms. The ex-
tracted beam passes through a 500 MHz horizontal rf
deflector whose integrated transverse field is 6 MV (eg.,
electric field of 12kV/cm over a 5m length). After a
transport of about 40 m which converts the deflection
angle to a position, the bunches are trimmed by a sep-
tum.

Longitudinal coupled-bunch instabilities

As it has become fairly well established that para-
sitic modes in the Booster cavities can be damped to
the level of 1 kft, coupled-bunch longitudinal instability
modes in the Booster have been reconsidered. At this
level Qs are small so bandwidths are in general larger
than the coupled-bunch mode spacing. Therefore it is
no longer sensible to discuss strategies which involve
tuning the parasitics to minimize their effects. A given
parasitic is pessimistically assumed to interact with a
certain coupled-bunch mode during the entire accel-
eration ramp in the Booster. Computationally, this is
an advantage because fewer parameters are involved in
the calculation.

Also, with parasitics at the level of 1 kft per cavity, it
turns out that Landau damping instability thresholds
are dominated by the space-charge interaction. Since
the Booster will operate below transition, the bunches
become shorter as they are accelerated. Landau damp-
ing is therefore lost for most modes at some point in the
acceleration ramp. Once significantly beyond thresh-
old, growth rates depend not upon space charge but
upon the parasitic shunt impedance R,.

Considerations of thresholds and growth rates are
combined by multiplying the growth rate of a particu-
lar mode by the time interval over which that mode is
not Landau damped. This is a conservative approach
because near threshold, synchrotron frequency spread
reduces the growth rate. Figure 180 shows the most
important modes plotted as number of e-folding times
vs. frequency of the parasitic assuming 12 cavities with
parasitics of 1 kft each. In the mode designation (m, k),
m is the azimuthal mode index (m=l for dipole, m=2
for quadrupole, etc.), and k is the radial mode index.

If mode amplitudes start from the noise level, 4 to 5
e-folding times is generally considered to be safe. From
Fig. 180 we can see that to make the rigid dipole mode
(1,0) safe, parasitics in the region 10-250 MHz must
have impedances significantly below 1 kft. In particu-
lar, at 100 MHz, the upper limit is 150J7. Since this
is not likely to be achieved, at least one active damp-
ing system will be necessary. If placed in the region 2
to 3 times the rf frequency, this system can also effi-
ciently damp the rigid quadrupole mode (2,0). How-

200
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Fig. 180. Growth rates multiplied by the amount of time the
corresponding modes are unstable. Generally, 4 e-foldings
is considered safe. This is indicated on the plot.

ever, it will not be very effective against non-rigid
modes (m >l,k >0) nor against rigid modes higher
than quadrupole (m >3,Jb=0). From Fig. 180 we also
see that the rigid sextupole mode (3,0) and the first
non-rigid dipole mode (1,1) are marginally dangerous
at 1 kft per cavity. If the parasitic modes in the region
200-300 MHz can be damped to the level of <500ft
(for example by tuning the damper suggested by Rod
Smythe to 250 MHz), then one active damping system
spanning all coupled bunch modes between 2 and 3
times the rf frequency (i.e. 92 MHz to 183 MHz) will
suffice. At the high frequency end, shunt impedances
need not be as small as 1 kQ per cavity. The condition
for the sufficiency of the single active damping system
can be summarized as R,Jn < 2.8ft per cavity (i.e.,
R,/n < 34 ft for the whole ring) for frequencies larger
than 250 MHz (n > 180).

RF cavity gap-voltage asymmetry

One of the features of the Booster cavity reference
design is that the power tube is capacitively coupled to
the quarter-wave stub fairly close to the voltage gap.
This causes an asymmetry in the gap voltage between
the top of the gap and the bottom. Associated with
this asymmetry is an rf magnetic field which deflects a
beam particle vertically by an amount depending upon
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its rf phase. The deflection can accumulate if the verti-
cal betatron tune is situated on the second synchrotron
sideband of the integer resonance, i.e., uy ± 2i>, = n.

If the asymmetry between the top and the bottom of
the 15 cm diameter gap is larger than 0.4%, this effect
will be larger than the synchro-betatron effect due to a
dispersion of 0.1 m at the cavity gaps. The latter effect
can cause emittance growth of ~10%. One possible way
in which to minimize the effect of the asymmetry is to
mount pairs of cavities not only back-to-back (to cancel
the effects of the tuner fields) but also right side up
(power tube on top) and upside down (power tube on
bottom). However, to avoid the constraint of having to
run cavities always in closely matched pairs, it would
be better to constrain the cavity design to minimize
the asymmetry.

Synchronizat ion

The most challenging timing problem for the KAON
Factory master timing system is that of simultaneously
matching the frequency and phase of the kicker holes
in the Booster and Collector rings. It is necessary to
match the phase to within 1 ns, otherwise the rise and
fall time of the transfer kickers must be shortened, at
large expense.

What makes synchronization difficult is that when
the frequency separation is large, the relative phase
varies in almost a stochastic manner, which makes fab-
rication of a control signal difficult; and later when the
frequency separation is small, the relative phase slips
so slowly that there is insufficient time (given the con-
straint |Ap/p| < 10~3) to achieve synchronization.

Two schemes have been studied in some detail.

• (i) Phase errors are corrected by dynamically al-
tering the dc bias power supply for the Booster
magnets by ~ 1 part in 103, so as to change the
orbit frequency but maintain the nominal closed
orbit.

• (ii) Phase errors are corrected by slowly modu-
lating the radio frequency, which has the effect of
steering the beam radially and thereby altering
the beam revolution frequency.

Both schemes use feedback to force the actual (.4)
phase difference 6B — 0£ to conform to an ideal (/)
program O'B — 9'c. Of course, the program is precalcu-
lated so that 0B = 0'c at extraction. The magnet-based
correction has been studied for sensitivity to magnetic
field amplitude, frequency and phase errors. The rf-
based correction has been studied for sensitivity to
<\B/B, Awr[/uPf, and AC/C dc and ac errors.

Both schemes promise to perform the necessary
phase slip of up to i Booster turn in about 5 ins, which

is a significant achievement. At present, there is little
to distinguish the quality of the two schemes, though
there are minor differences. Whereas the magnet-based
correction requires a possibly costly modification to
the dc bias power supply, the rf scheme requires only
changes to the low-level rf, which is likely inexpensive.
On the other hand, the magnet-based scheme main-
tains constant orbit radius and Ap/p = 0, while the
rf correction requires steering away from the nominal
orbit to |Ap/p| < 10~3 which is a slight disadvantage.

B e a m ins t rumen ta t i on

Wall current beam position monitor

A wall current beam position monitor (WBPM), was
fabricated on a section of KAON Factory ceramic beam
pipe by M. Featherby of SAIC. It has been successfully
tested with the cyclotron beam.

The test WBPM uses a spare section of 1 cm thick
wall pipe 15 cm long with inner dimensions 9.4 cm high
and 5 cm wide. The wall current is carried in silver
strips 4 mm wide, 1 mm apart, painted along the inner
surface of the pipe. A gap of 5 mm is introduced in
the middle third of the strips on each wall. Each set
of these strips is merged at the gap and the current
brought through the wall on pin vacuum feedthroughs.
Resistors soldered to the pins bridge the gap (Fig. 181).

WBPM FNAL AND FFt R£ADING(46 M H Z )
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Fig. 181. Performance of WBPM with 100 pA equivalent
beam in BLIA. Line joining black dots is position inter-
polated from adjacent beam line monitors. * are WBPM
signals processed by AM/PM electronic modules. • ate po-
sitions using 46 MHz component calculated off-line.

The WBPM was installed in a drift section in the
high-current beam line 1A between a multiwire and
a scanning wire monitor. Upstream steering magnets
were used to move the beam horizontally and vertically
at these monitors; the position at the WBPM being in-
terpolated from the positions at the regular monitors.
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The WBPM signals were amplified by a Philips 774
quad linear amplifier and further processed by either a
Fermilab AM/PM module or by off-line FFT analysis
of the digitized signal to extract the 46 MHz compo-
nent.

Sample results are shown in Fig. 181. The position
given by the WBPM agrees with that calculated from
positions measured by the upstream and downstream
monitors with a small offset. The latter may be due as
much to a misalignment of one of the existing monitors
as to errors in the WBPM or processor.

Impedance measurement

The longitudinal coupling impedance of a G-10
board model of the SAIC-style beam pipe has been
measured with both TSD and time domain methods.
This model has longitudinal metal strips fired on the
inner surface, into which a wall current beam position
monitor has been incorporated.

Based on experience with 50 Q line impedance mea-
surement last year, the measurements have been done
with 180fi line impedance to obtain higher accuracy
and resolution. Separate measurements have also been
made in order to distinguish the impedances caused by
the resistor, the strips, and the slots which are used to
form the BPM when they are bridged with resistors.
The measurements were done with 5fi resistors bridg-
ing the slots on four sides. For the KAON Factory pipe
with resistor smaller than 1 Q, the impedance will be
less than 1 fi, showing that it already meets the design
requirements (Fig. 182). The results of the TSD and
time domain methods agree with each other.

Slot ocen

"r'-V

Frequency lMH=i

Fig. 182. Reactance (180 Q).

RADIO-FREQUENCY SYSTEMS

A major milestone was reached this year in the rf
development program. To the best of our knowledge
this is the first time that anyone has operated a fast ac
perpendicularly biased ferrite tuner over such a large
frequency range at high rf power levels. Other achieve-
ments include the closing of an rf fast feedback loop
and a bias tuning loop around the rf amplifier chain,
under dc bias conditions.

RF amplifier and cavity

Following the repair of various water leaks and vac-
uum leaks it took 14 hours of continuous rf condi-
tioning to punch through multipactoring and produce
90% duty cycle, 25 kV pulses under dc bias conditions.
With further rf conditioning it was possible to operate
at 30 kV cw at 19Mhz (800 A bias). This represented
a power density of approximately 0.2W/cm3 in the
ferrite. With a 1% duty cycle (lms pulses in 100ms)
90 kV pulses were achieved but a surface discharge was
observed in the tuner area. The centre conductor was
removed and the area of multipactoring discharge was
easily identified and painted with aquadag. It was then
possible to achieve stable rf voltage at the gap, either
in pulsed or cw operation, within one-half hour. The
cavity was operated for several one hour intervals at
45kV cw at 52 MHz (1000A bias) with no adverse ef-
fects. An rf control system was put into operation to
enable us for the first time to operate a fast tuning
(50Hz) ac perpendicular biased yttrium garnet ferrite
tuner over a 15 MHz frequency swing at high rf power
levels. A design goal of 65 kV, 50% duty cycle at a rep-
etition rate of 50 Hz while swinging the rf frequency
from 46.0 MHz to 61.0 MHz was achieved. Results are
shown in Figs. 183 and 184.

Fig. 183. High power operation of the ac perpendicular bi-
ased tuner cavity. Top (race is the voltage at the accelerat-
ing gap (65 kV), and the bottom trace is the output signal
from the ferrite bias power supply.
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Fig. 184. Spectrum analyzer measurement showing fre-
quency swing from 46.0 MHz to 61.0 MHz.

The azimuthal asymmetry of the accelerating field
at the gap was measured and estimated to he in the
1 '2% range.

RF controls

AKCL-10312 design report Field Control for KAON
Factory Booster Canttes is now available as an official
report.

A tremendous effort by the Cyclotron division RF
group and RF Controls group was instrumental in
achieving our power and tuning range design goals on
the ac biased ferrite tuned cavity. The tuning feed-
back loop was achieved with a fixed program to the
bias power supply and the input signal to the VCO
modulated with the error tuning signal. Under dc bias
conditions a proper tuning feedback loop was closed
with a fixed program to the VCO and the input sig-
nal to the ferrite bias power supply modulated. With
the help of C'KRN visitor. Daniel Bonssard, the closing
of a fast rf feedback loop, tinder dc biased conditions,
was achieved. A group delay of approximately 100ns
around the loop gave a fast feedback gain of approxi-
mately 35 db as shown in Fig. 185.

Solid-state driver

The solid state .'} kW driver which was developed two
years ago has been re-designed and re-engineered )o re-
duce the group delay, improve the protection system,
increase the efficiency of the amplifier and improve the
ease of maintenance. The forward group delay has been
decreased from 57ns to •17ns which will allow at least
another meter of cable to be used between the driver
and the cavity for increased radiation damage protec-
tion to the solid state devices.
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Fig. 185. Frequency response of the cavity, with and with-
out fast rf feedback, under dc bias conditions.

Bias field measurements

With thy help of the Magnet group and the KAON
Kicker group, extensive ac magnetic induction field
measurements were made both at the surface of the
ferrite rings and along the beam axis. With 2kG at
the surface of the outer ferrite ring there is approx-
imately 1.3kG on the beam axis, as expected. Also
measured was the radial field distribution at the cen-
tral plane of the resonator and at the plane of the out-
side magnet flange. Shielding pipes of different mate-
rials were checked in the beam pipe area to determine
their effect on the magnetic field at the surface of the
ferrite ring and along the beam axis. A separate re-
port on these measurements (TRI-DN-91-K196) is un-
der preparation.

Higher-order-mode dampers

Further investigations were carried out on the cou-
pled transmission line HOM damper. A very simple
model was used in an attempt to explain the discrepan-
cies between theory and measurements with respect to
damping and bandwidth of such a damper (TRI-DN-
89-K105). Three effects were not investigated in the
previous analysis; the proximity of the parasitic mode
to being harmonically related to the fundamental fre-
quency, the effect of a lumped component on magnetic
coupling in a transmission line model and the effect of
the capacity from the damper components to the outer
conductor of the transmission line. Results of these in-
vestigations are being prepared in a separate report
(THI-DN-91-K198 A- -K199). A damper cavity based
on the principle of the cavity mode damper proposed
by Rod Smythe from the Univ. of Colorado has been



constructed. The damping and bandwidth parameters
will be investigated on the quarter wave transmission
line model.

TRIUMF/SSCL collaboration

Only one collaboration workshop at SSCL was held
this year. The one scheduled at TRIUMF for December
was postponed until the new year. The reference design
for the SSCL, LEB cavity is a liquid cooled tuner. The
design is claimed to be mechanically simpler and re-
duces the magnetic field on the beam axis to a few
Gauss The rf design is based on the TRIUMF/Los
Alamos design and only the method of removing the
heat is changed.

TRIUMF/INR collaboration

INR (Institute for Nuclear Research), Moscow have
proposed the use of an electronic device known as a var-
actor, to vary the frequency of a resonant cavity. The
principle is based on varying the capacitance at the
accelerating gap by moving an electron cloud between
the anode and cathode of the varactor which is capaci-
tively coupled to the cavity at the gap. Since they have
no rf power amplifier to test the device, they have pro-
posed shipping the cavity and varactor to TRIUMF
to make use of our prototype amplifier and ancillary
equipment to test the proof of principle of this device.
Feasibility and cost estimates are being investigated
for such a collaboration.

MAGNET DEVELOPMENT

Prototype Booster quadrupole

The coils for the prototype Booster quadrupole were
completed and the magnet was assembled and tested.
With dc current the harmonics and other parameters
were as expected from the design. With 1000 A dc and
600 A ac current the magnet performed as expected
except for some excessive heating in the exposed ends
of the coils. This is thought to be due to poor posi-
tion tolerances between the conductors and the cooling
channels. The coils were very difficult to fabricate, es-
pecially the stainless steel cooling channels which were
made one turn at a time and welded together before
assembly between the inner and outer coil layers.

A new design has been proposed which has im-
proved cooling and uses copper tubing for the cooling
channels. An alternative design using a water cooled
stranded cable is also being considered.

AC measurements were made using a stationary
Morgan coi] array. This technique is dependent upon
very tight positional tolerances of the wires and the
manufacturer did not meet the specified (or promised)

values. The second coil delivered had position errors
of 0.01 in. rather than the 0.001 in. required but it was
decided to assemble the coil and proceed with the mea-
surement. As predicted, the measured harmonics were
approximately ten times worse than those measured
with the dc equipment.

We are now aware of several other companies who
claim to be able to do the computer-controlled printed-
circuit coil-forming needed for the Morgan coil array
and these will be approached to see if they can make
a better prototype for us.

A Hall probe field survey using the new fast sampling
system was not made due to lack of the appropriate
software and programmer to write it. This problem is
being addressed and the measurement is scheduled for
1992.

Prototype Booster dipole

Tests on the dipole were made with both ac and dc
excitation up to 1.048T at 30 Hz, just below the orig-
inal design value of 1.05 T. At 50 Hz the peak field
achieved was 0.98T (Fig. 186). The field reproducibil-
ity was ±1 Gauss for dc values and ±3 Gauss for ac
values. The test limitations were imposed by the reso-
nant power supply, itself a prototype.

The field profiles, both transverse and longitudinal,
were in good agreement with the design predictions
(Fig. 187). The power supply stability did not permit
measurements at the 0.01% level with ac excitation.
With ac excitation the end fiold reversed at the fur-
thest data points due to eddy currents in the coil con-
ductors and end laminations. This effect was studied
with PE2D and it appears to have no significant effect
on the overall field characteristics.
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Fig. 186. Peak field contours at 3000 A dc plus 660 A (rms)
at 50 Hz.
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Fig. 187. Peak, dc and minimum longitudinal field profiles
at magnet end.

The temperature rise in the coil pancakes closest to
the pole gap was higher than anticipated indicating
that the conductor eddy current loss is higher than
calculated.

It was not possible to make a direct measurement
of the core losses and an attempt to make an estimate
by subtracting the calculated losses of the bias choke
components was not very successful. The core temper-
ature rise was smaller than expected and slits at one
pole end made no observable difference. The magnet
could be operated with no cooling water to the core
coolant circuit. The estimated core transient response
is about 12 hours which is longer than the testing times
so these measurements will be repeated.

The power supply is being upgraded so that it will
be possible to operate the magnet at the revised field
of 1.118T and 50 Hz, These tests are scheduled early
in 1992.

Miscellaneous

The use of TOSCA for 3-D field calculations is te-
dious due to the computer time involved and the size
of the magnets which can be accurately modelled. We
have-Sfarted to evaluate some alternatives with the
hope that it will be possible to make 3-D eddy cur-
rent calculations.

We have considered the use of combined correction
magnets with distributed windings for the new Booster
ring. There is a problem fitting them into the allotted
space without a change in their specifications. We are
also concerned about induced voltages and eddy cur-
rent losses in the windings which remain to be evalu-
ated.

A paper on an analytical technique to determine the
pole profile for an optimum field distribution in both

quadrupoles and dipoles was presented at the Com-
pumag Conference. Papers on the prototype magnets
were presented at the 12th International Conference
on Magnet Technology and 1991 Particle Accelerator
Conference.

MAGNET POWER SUPPLIES

The resonant magnet test facility was moved to ac-
commodate the expansion of TISOL into the previous
test stand location. The test stand was reconfigured
to permit the testing of the Booster quadrupole pro-
totype and these tests were successfully carried out at
full excitation at 50 Hz.

Further dipole and quadrupole tests are contem-
plated, and to this end the high voltage pulse-forming
network power supply has been returned to the man-
ufacturer for upgrading to a higher current level. This
change should allow for full 50 Hz dipole excitation
with proper ratios between dc bias and ac peak-to-peak
swings to achieve 1.18 Tesla. This then should allow for
various tests to be performed on vacuum chambers and
various conductors which may be used in the manufac-
ture of the KAON Factory synchrotron magnets.

A first attempt was made to close the control loop
for controlling the ac peak-to-peak response and an
improvement was achieved in long term stability ap-
proaching the requirements of the accelerator. Further
work will be done in this area.

The incorporation of an Arbitrary Function Genera-
tor to control the timing of the pulse-forming network
resulted in substantially better performance due to fre-
quency stability as well as being able to set and con-
trol the operating frequency in increments of 0.01 Hz.
The unit also is more immune to ambient temperature
changes which previously had resulted in significant
changes of the driven operating point. These changes
in operating point would result in changes of the peak-
to-peak ac magnet swing when the loading bay doors
were opened.

Better frequency stability, as well as closed-loop con-
trol, results in better system reproducibility, and facil-
itates magnet measurement.

Modeling of a multi-cell structure using PSpice was
done to determine system sensitivity to parameter
changes or variations from cell to cell. The results of
this analysis may be used to clarify manufacturing tol-
erances for the dc bypass chokes which typically would
be somewhat less stringent than for the beam line
magnets. PSpice single cell analysis results correspond
closely with experimental results obtained using the
magnet test stand.
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BEAM PIPE AND VACUUM

Vacuum experiments on the RAL-designed ceramic
beam pipe were continued to determine the extent of
the benefit which might be expected from equipping
the beam pipe with heating elements to allow m-silu
bakeout. The results of a series of runs showed that
a pipe, initially operating in the low 10"^ Torr range.
would, when opened to air for 24 hours, partially re-
cover into the mid 10~8 Torr range after pumping for
one week — and into the low 10~8 Torr range after
one month; using dry nitrogen or air for initial venting
had little effect. If a bakeout at 100°C for 24 hours
was included in the pumpdown procedure, the original
vacuum conditions could be recovered within 3 days.

The feasibility of using metal foil conductors on a
Kapton film backing has been explored as a possi-
ble bakeout blanket for beam pipes. A quotation from
a commercial supplier of such flexible heaters sug-
gests heater panels, held in position with an overlay of
aluminized Kapton (for thermal radiation shielding),
could be under 200 fi thick. The suitability, from a ra-
diation standpoint, of the adhesive used to bond the
metal conductors to the Kapton has to be further in-
vestigated.

Figure 188 shows the three 1.3 m-long curved sec-
tions of ceramic pipe, produced under contract with
SAIC, and Fig. 189 the rf shield stripes which wen-
formed by firing a silver/glass paste into grooves in tin1

walls of the pipe. The three pipe sections and flange
have been joined together and the filling and fusing of
the rf stripe joints between sections is expected to be
completed before the end of the year.

Fig. 188. Curved alumina pipe sections ami flange

Yij!,. 189. U V shield stripes inside alumina pipe section.

A motorized dispenser to lay silver/glass paste into
the internal grooves over the complete 5 m length of a
dipole beam pipe is being designed (Fig. 190).

Manufacture of the prototype rf shielded pump port,
and bellows sections mentioned in lasi year's report
have been completed and vacuum tested.

KICKERS AND CHOPPERS

Prototype 1 MHz chopper

A novel design concept for a 1 MHz kicker was for-
mulated early in 1989 in the initial phase of the Project
Definition Study for the KAON Factory. The success of
the initial feasibility studies led to the design of a full
scale prototype chopper. The initial concept involved
an energy storage system where the electric pulses were
stored in a large diameter (10 cm or more) low loss
coaxial cable. In the first prototype pulses were pro-
duced with two lf>() k\V tetrodes that were coupled at
one end of the storage (coaxial) cable: the anode of
one tetrode (clipper) was connected to the cable and
was used to establish the fast falling edge of the stored
pulses. The cathode of the other tetrode (charger) was
connected to tin- cable to establish a fast, rising edge of
the stored pulses. Tests on the two tetrode version were
completed at the end of 1990 at a VA duty factor and
we were convinced that the capacitance of the tetrode
circuit (1000 pF) would have to be reduced dramati-
cally in order to achieve the design goal of 38 us rise
and fall time.

In order to reduce parasitic capacitance, and thus
improve pulse rise and fall times, the prototype has
been mechanically and electrically reconfigured so that
there is only one tetrode coupled to the centre of a
storage cable (see Fig 191). One stub of the storage
cable is terminated in an open-circuit; the other stub
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Fig. 190. Prototype silver/glass paste dispenser.
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Fig. 191. Single tetrode version of prototype 1 MHz chopper.

is terminated in a short circuit. The tetrode is anode
connected to the storage cable so that the stray ca-
pacitance associated with the grid and filament power
supplies is decoupled from the storage cable. This one
tetrode serves as both a clipper and a charger.

In order to test the single tetrode version, before cut-
ting the storage cable in half, we tested the idea with a
single tetrode anode connected to one end of a storage
cable: the far end of the storage cable was terminated
in a short circuit. The short circuit has the effect of in-
verting the stored pulse thus allowing a single tetrode
to serve as both a charger and clipper. The test con-
firmed the feasibility of the basic idea: there was con-
siderable inter-pulse garbage after about 20 pulses but
this garbage is not phase locked to the synthesizer so it
eventually becomes absorbed into a driven pulse. We
were able to obtain rise and fall times of 30 ns and 25 ns
on +7.7 kV pulses, and 35 ns and 18 ns on -7.7 kV
pulses (all 10% — 90%).

Having proved the feasibility of the single tetrode
version, the storage cable was cut in half and the chop-
per was reconfigured so that the tetrode was anode
connected to the center of the two storage cables. One
of the cables was a short circuit at the far end and the
other was an open circuit. The cables were mounted to
the tetrode in such a way that the inductance and ca-
pacitance of the junction appears as a lumped-element
50 fi transmission line. With this system the tetrode
launches two pulses that pass each other at the junc-
tion either in phase as two positive or two negative
pulses, or out of phase as a null.

The grid pulser, bias supplies and the screen supply
were removed from the tetrode cabinet and installed
in a new power supply cabinet. The single tetrode was
mounted in the center of the cabinet to reduce the stray
capacitance. The tetrode base has been re-designed so
that the inductance and the capacitance of the cable
connection are substantially reduced. The total stray
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Fig. 192. Measured narrow pulse patterns on one end of the
4 m deflection plates.

capacitance of the single 150 kW tetrode has been re-
duced to about 200 pF. The prototype deflector plates
were mounted on the open circuit end of the storage
cable and a matching stub mounted on the short cir-
cuit end of the cable. We were able to tune the system
for a good null condition.

The prototype chopper was operated at 100% duty
cycle for the first time and 6 kV pulses were mea-
sured on 4 m long deflector plates which are mounted
in a copper lined cardboard housing. The pulse width
(FWHM) can be varied from 40 ns to 200 ns with-
out any appreciable change in the tetrode anode power
dissipation. With this configuration the effective fre-
quency (2.2 MHz), at the output of the storage cable
is double that of a single length of cable. The upper
curve in Fig. 192 shows the pulse pattern measured
at one end of the deflection plates. The central plot
in Fig. 192 shows the calculated deflection (mrad) of a
450 MeV proton beam. Note that much of the high fre-
quency ripple is integrated out. The lower plot in Fig.
192 shows the calculated deflection (mm) at the exit of
the deflection plates. There are four different pulses in
the pulse pattern at the end of the cable. Each pulse
has a slightly different rise and fall time and width and
phase shift relative to the driving frequency. The sum
of the rise time (or fall time) and the phase shift was
less than 38 ns for the pulses shown in Fig. 192. At
100% duty cycle we are beginning to see some heating
effects that will have to be investigated.

We met with EEV representatives and discussed
some options for further reducing the stray capaci-
tance. There are 2 options. One is to modify a CY1172
(150 kW) tetrode to double the anode to cathode

Fig. 193. 1 MHz chopper pulse doubling pattern.

spacing and thus remove about 60 pF from the circuit.
The other option is to use a CY1170J (75 kW) tetrode;
this option is expected to reduce the stray capacitance
by at least 70 pF. We have arranged to exchange one
of our CY1172 tetrode's for a CY1170J tetrode from
EEV. Design changes have been made and components
have been fabricated to prepare for the next stage of
testing with a 75 kW prototype.

Pulse doubling technique

The timing circuit was modified so that we can inject
a negative pulse at the position of the null at the centre
of the cable. The null consists of a positive and a neg-
ative pulse each going in opposite directions. Injecting
a pulse at the null has the effect of taking energy out
of the positive pulse and adding energy to the negative
pulse. If the correct balance can be achieved then the
net effect is that there will be only one pulse reflecting
back and forth in the cable of twice the amplitude of
the original two pulses. The central trace in Fig. 193
shows the pulse pattern measured at a 3% duty cy-
cle at the centre of the storage cable where we inject
a pulse at the null. The lower trace of Fig. 193 shows
the pulse pattern at the open circuit end of the storage
cable (deflector plates not connected) where the volt-
age has doubled to ±14 kV (c.f. -7 kV supply voltage)
with about 30 ns rise and fall times and the pulse rate
is 1.15 MHz. The opposite polarity pulse pairs were
not completely cancelled at the centre of the cable and
appear as ripple between the pulses at the open circuit
end. We should be able to improve this with a more
complex control and timing system.
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FET pulsers for the 1 MHz chopper

The grid bias supplies were upgraded so that the
voltage droop is about 10 V in 600 V, after 100 pulses,
rather than 150 V after 20 pulses, thus allowing for
measurements with high duty factors.

Modified timing circuits, together with the ability
to parallel the output of 4 FET pulsers (i.e., 2 pulser
units) at the control-grid of one tetrode, has increased
the flexibility of the grid-drive circuits. Each of the 4
parallel grid pulsers are now individually controllable
since there are 4 independent fiber optic links. The
master timing circuit was upgraded so that we can send
a different phase locked pulse pattern to each of the 4
pulsers, with the pulse period and relative pulse delays
controllable and reproducible to better than 1 ns. The
macro duty factor is controllable from 0 to 100%.

New higher power FET's have been obtained and
the FET pulsers have been rebuilt using 75 Q coax
rather than 50 Q coax. In addition the fiber optics have
been replaced by a 25 MHz version: the design of the
fiber optic receivers and power supplies has also been
modified to improve the noise immunity. Once this was
carried out we were able (for the first time) to make
careful measurements of the power dissipation in the
1 kV grid driver FETs with the desired pulse patterns
at a 100% duty cycle and 2.2 MHz.

Magic muons

Some time was spent studying the requirements for
a muon chopper which would have ±15 kV pulses with
100 ns rise and fall times; this has led to a possible so-
lution for a fixed frequency (200 kHz) chopper using a
5 fis storage cable employing the pulse doubling tech-
nique reported above. There is also a feasible solution
for a triggerable pulser using two tetrodes mounted di-
rectly on the deflector plates with a variable repetition
rate up to 500 kHz.

Prototype kicker magnet

Some PE2D calculations and some measurements
were carried out to determine the mutual coupling be-
tween the beam current and the short circuit kicker
magnets needed in the (circular lattice) Booster ring.

An initial measurement was made of the longitudi-
nal impedance (to the beam) of the prototype kicker
magnet. The output of the magnet was terminated in
30 Q and the input was open circuit. The resistive com-
ponent of the impedance varied approximately linearly
from 6 Q to 35 fi as the frequency was increased from
50 MHz to 200 MHz: the reactive component of the
impedance varied from 12 Q to 130 Q. Similar results
were obtained for a short circuit magnet except for
some differences at low frequencies. More realistic re-

sults require that the kicker magnet be installed in a
vacuum tank coupled to a section of beam line of the
correct geometry. This must await funding.

Measurements to further characterize the prototype
kicker magnet have been carried out. Frequency do-
main measurements of the impedance of the kicker
magnet also permit 'tuning' of the equivalent circuit
utilized for mathematical simulations.

The 40 Hz Booster racetrack lattice looks very
promising for the relief of the Booster extraction kicker
magnet problem.

Computer simulations

PSpice simulations have been carried out for the
Booster extraction kicker magnet; a combination of
the analog behavioural model, and new features in
the post-processor simplify the calculation of figures of
merit and field rise-times. The PSpice studies have ex-
amined the effects of connecting a resistor in series with
a speed-up capacitor: an appropriate value of resistor
in series with a suitable speed-up capacitor has a con-
siderable effect upon improving the figures of merit for
the Booster extraction kicker magnet. It is hoped that
the above mentioned resistor-capacitor network would
also help to damp beam induced oscillations (yet to be
studied).

Investigations into the use of ferrite, connected on
the input to the kicker magnet, to suppress the effects
of thyratron displacement current upon kick rise-time,
have been carried out; the results look very promis-
ing. With the help of David Fiander (CERN PS) an
equivalent circuit of a 3-stage thyratron has been de-
rived, so that the source of displacement current is
much more accurately modelled. This mathematical
model has been simulated together with the equiva-
lent circuit of the kicker magnet such that both anode
and cathode displacement current, in both the main-
switch and dump-switch thyratrons, are accounted for.
This equivalent circuit is being studied to optimize the
overall circuit, allowing for the characteristics of the
displacement current suppression saturating inductor,
and two other saturating inductors which reduce com-
mutation losses in the main-switch and dump-switch
thyratrons. The rapid saturation of the saturating in-
ductors also has the effect of accelerating the rate of
change of voltage at the input to the kicker magnet,
hence the cut-off frequency of the magnet is now start-
ing to limit field rise-time.

A Laplace transform for a lossy transmission line has
been simulated using PSpice: this permits attenuation
and dispersion of a pulse to be assessed after the pulse
has travelled one way through a length of transmission
line. An alternative model, which should permit a pulse
to travel both ways through a lossy transmission line,
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is presently under investigation.
In order to validate the mathematical model of the

1 MHz chopper a measured grid-drive waveform has
been used in the equivalent circuit: the predicted de-
flector plate voltages are in good agreement with those
observed. Computer simulations have been done to pre-
dict the behaviour of the 75 kW version of the chopper
and the results look very promising.

Measured deflector plate voltages for both narrow
and wide pulses have been used to drive a mathemati-
cal model of the deflector plates so that the consequent
angular deflection and linear displacement of the beam
can be predicted.

Master timing

A computer program "COGWHEEL" has been writ-
ten. This program calculates the phase difference be-
tween the kicker hole in the Booster and the kicker hole
in the Collector during the entire Booster cycle. The
results indicate that it should be feasible to provide
a feedback signal to the Booster magnet power sup-
ply system in order to lock the phase and frequency
of the two rings simultaneously during beam transfer.
Various algorithms for feedback models have been im-
plemented in the program.

H~ EXTRACTION FROM THE TRIUMF
CYCLOTRON

KAON tune development

Several beam development shifts have been spent
working towards a cyclotron tune compatible with
KAON injection. We first focussed our attention on
meeting the longitudinal requirements; that is 160pA
of H~ in 20° rf. Significant gains have been made and
to date we have achieved an extracted beam of 28 /iA
at 25% duty factor (112/iA equivalent) with 90% of
the beam within 20°.

Some beam development time was dedicated to es-
timating the emittance of the circulating beam as ex-
tracted in KAON mode. A wide foil is selected for strip-
per foil XI and placed at a radial position where the
protection foil would normally be positioned in H~ ex-
traction mode, in one of the RFD beam dilution min-
ima near 450 MeV. The beam intercepted by the foil
is the same beam that would be selected by the DCD
and deflected into the magnetic channels for extrac-
tion, however, the quality is worsened due to scattering
by the foil. The emittance of the extracted beam was
estimated using the signals from three consecutive wire
monitors in BL1A that are separated by drift spaces
and so provide a relatively simple analysis. The re-
sults point out problems with the experimental method
and give qualitative indications of the extracted emit-

tance. Firstly, in cases where the emittance is small,
the method is too dependent on experimental accu-
racy since small changes in the data result in large
changes in the calculated emittance. Increased accu-
racy in beam width determination is possible by scan-
ning the beam across the wires using the data acquisi-
tion program PWS (Pseudo Wire Scan). This method
will be employed in the future. In addition other meth-
ods are being investigated, namely measuring beam
widths as a function of varying beam line parameters
and reconstructing the initial beam quality from these
results. Secondly the results indicate that the horizon-
tal emittance is consistent with predictions but the ver-
tical emittance is 2-3 times larger than expected.

This increased size seems to result from using the
RFD, and was also observed during the spring H~ ex-
traction test (below). A series of experiments were or-
ganized to determine the cause of the observed vertical
growth. Both radial and coherent oscillations plus the
perturbation from the RFD were suspected as possible
causes of the vertical growth. The beam vertical size
at 450 MeV was determined with and without vertical
and radial coherent oscillations, and with and without
RFD perturbation. In all cases the vertical beam size
was measured by observing the beam transmission as
a function of foil height for a wide, totally intercepting
foil. The vertical beam width proved independent of
RFD perturbation when the radial and vertical oscilla-
tions were minimized but the RFD perturbation wors-
ened the vertical emittance when a radial or vertical
oscillation was induced. Without the RFD the vertical
width was increased by a vertical coherent oscillation
but was only slightly affected by a radial coherent os-
cillation.

Vertical steering

Several correcting devices, two steering plates, each
0.5 m long and two magnetic elements, each 20 cm
long, have been proposed to enable possible tuning
of the vertical position of the H~ beam on the last
turn. The electrostatic elements are separated by 240°
of cyclotron azimuth at positions where the deflected
beamlet is at a maximum separation from the circu-
lating beam. The magnetic elements, one an asymmet-
rically powered quadrupole and the other a steering
magnet, lie downstream of magnetic channel 3 and
downstream of magnetic channel 4 respectively. With
fields of 11 kV/m on the electrostatic elements and
Br fields of 0.6 kG and 0.33 kG from the quadrupole
and the deflecting magnet respectively, a vertical shift
of 0.5 in. can be expected. It is proposed that if the
circulating beam is affected by fringe fields from the
electrostatic devices, they be fitted with a grounded
septum shield similar to the DCD.
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H extraction Spring test

The beam tests scheduled for the spring shutdown
went reasonably we!!. In the first test a beam of low
intensity was deflected by the electrostatic deflector
(DCD) through a prototype magnetic channel (MCI in
the final layout). In Fig. 194 a differential probe scan of
the beamlet deflected by the channel (a) is compared
with a simulation using the computer code COMA (b).
Measurements of the total current through the mag-
netic channel showed there was no detectable beam
loss. In addition, measurements with the circulating
beam in the channel fringe field confirmed earlier sim-
ulations that showed that any changes in vz and the
vertical size of the beam would be immeasurably small.
Then by altering the currents in the coils to produce
a larger gradient fringe field, a predicted reduction in
uz, and a corresponding increase in vertical width was
measured, confirming the experimental method. The
good field region of the deflecting internal field was
mapped by moving the channel with respect to the de-
flected beam while recording the position and width of
the beamlet downstream of the channel.
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Fig. 194 (a) A differential probe scan using probe HE4
showing the beamlet deflected by MCI during the spring
AES beam test. A computer simulation of the scan is shown
in (b).

In the second test the magnetic channel was removed
and the voltage holding of the DCD was tested at
higher intensities. Up to 30 (ik H~ was deflected by the
DCD at a voltage of 48 kV and extracted into BL1A.
The intensity was limited by the unexpectedly large
vertical size of the deflected beam. The large beam was
due in part to the RFD (see above) and in part to a mis-
alignment of the DCD midplane and the beam. The lat-
ter caused the beam to pass through a non-linear field
increasing its vertical extent. The large beam was re-
sponsible for some loss on the DCD septum foils which
increased the DCD spark rate while the shanking of the
beam on the extraction foil produced spills in the beam
line, limiting the extracted current. At the completion
of the test with beam the DCD was run to 80 kV and
this voltage was maintained for an extended period.

CONTROLS

Beam line 2C

A project to automate the operation of the BL2C
radioisotope production beam line was completed by
mid-year. This project was our first attempt at apply-
ing the object-oriented analysis and design method-
ology used for designing the KAON Factory Central
Control System, in the development of a real, opera-
tional system.

Two models of BL2C were initially developed be-
fore code was written. An Environment Mode) showed
the environment with which the BL2C control system
would interact when completed, e.g., valves, pumps,
operators, etc. A Behavioural Model described the
detailed behaviour expected for each controlled ele-
ment. At the device level, these models showed how
devices were expected to behave both normally and ab-
normally (observed and controlled only through their
CAMAC interfaces). At "higher" levels these models
showed the expected behaviour of the facility and its
operators, for the coordinated production of radioiso-
topes. These models were informally reviewed by facil-
ity operators.

The Behaviour Models took the form of state tran-
sition diagrams (STDs). STDs were developed for the
BL2C solid target facility active and non-active water
systems, the isotope targets, the water beam degrader,
the moveable snout, etc. The set of models highlighted
several issues with BL2C controls hardware. The na-
ture of several sensors is such that they do not re-
turn a continuous signal representing their state. This
makes it impossible for controls software to unambigu-
ously determine the stale of BL2C hardware when it
is started or restarted. Until this situation is rectified
the cyclotron operators will be required to "tell" the
control software the current state of the hardware, at
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startup.
To ensure a common implementation approach for

both BL2C and the rf Booster projects (see below),
a software design technique was evolved to allow the
creation of code "directly" from the analysis graphical
models. STD's representing desired objects behaviours
formed the central "core" of the code. Each was stored
as a state/event/action table which specified the action
to be performed for an event occurring when the object
was in a given state.

A graphical, operator interface and current-value
database system were provided by a software package
from Vista Systems Inc. Code representing each BL2C
object was integrated into this system after a testing
phase. The new system runs on VAXstations and can
be controlled by a combination of keyboard entries and
mouse selections of "buttons". The system allows oper-
ators to view the state of BL2C and request particular
modes of operation, e.g., irradiate a target, remove a
target.

RF booster

A second project to apply object-oriented analysis
and design techniques for the development of a real,
operational control system commenced this year. The
system will be used to control an rf Booster cavity
located inside the cyclotron vacuum tank. Presently
the rf Booster is controlled by a VME processor in
a crate located in the RF room. For operational use
controls must be provided to the cyclotron operators
in their control room.

A requirements document for the rf Booster was
completed for both a beam control system and a sim-
ple equipment management system. The former deter-
mined how the rf Booster will operate to aid in ac-
celerating beam within the cyclotron, while the latter
provided detailed information concerning the state of rf
Booster equipment. These models were derived from a
series of knowledge capture interviews with rf Booster
controls personnel.

A VME processor for the rf Booster project was or-
dered and installed into a test stand. The new VME
processor will communicate with the existing VME
processor over the VME backplane. It will also com-
municate with a VAXstation running the graphical
operator interface and maintaining the current value
database of device settings and values. VAX to VMK
processor communications will use networking software
developed at TR1UMF (the socket server) which sup-
ports message passing between programs running on
VME processors and VAXstations. The socket server
software runs on many platforms and has been stud-
ied with regard to the time for message transmission
between these platforms.

Implementation architecture

An object-oriented domain analysis of the KAON
Factory Central Control System implementation archi-
tecture was started this year. The study will produce
a specification of what will be needed to create con-
trol system software, execute it correctly, maintain it
and update it. This model will serve as the specifica-
tion for all purchases that will form part of the control
system, e.g., compilers, operating systems, versioning
control, processors, networks, etc. The model will rep-
resent how the KAON Factory controls group, the soft-
ware and hardware will interact over time.

Requirements analysis

A six-day course on Object-Oriented Requirements
Analysis was held at B.C. Research for the TRIUMF
Controls group. Several people from other groups also
attended. Following the course the Controls group have
started modelling the requirements for the TRIUMF
control system upgrade using the new methodology.
The delivery of beam from ISIS to the TNF is be-
ing studied by staff working in teams of two or three
to construct a domain model. The first phase of the
project will result in the creation of a domain Ex-
tended Entity Relationship Diagram. This model will
show the objects and conceptual entities important to
beam physicists when tuning or experimenting with
the facility. Perfect technology is being assumed for
this model (i.e., entities perform as required).

Modelling techniques

A co-op student has been working on removing pos-
sible problems in an object oriented specification. He
has been considering the formalization of requirements
models and trying to infer some desirable properties
of any control system model, such as "freedom from
deadlocks", "freedom from live-lock", "freedom from
ambiguities", etc.

A small program has been written to read-in a de-
scription of a control system in terms of its external
Terminator Objects, the internal System Objects and
all information flows between them. Each System Ob-
ject is described by a STD and affects other objects
by the exchange of event flows. Responses to events
are modelled as the generation of more events flows
to other System Objects. The program simulates the
operation of the control system as it searches for un-
clesired interactions.

A second student, has been investigating multiple
inheritance with the Smalltalk object-oriented (00)
programming language on a PC. (Smalltalk, originally
from Xerox, does not support this feature.) An 0 0
programming language that supports multiple inher-
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itance makes the implementation of the OO analysis
models easier.

Within the new system it is now possible to con-
struct arbitrarily complex multiple inheritance hierar-
chies correctly responding to both class and instance
messages. In addition it is now possible for an instance
of a class to "become" an instance of another class.
The reconciliation of old instance variables with new is
completed. It will soon be possible to implement "toy"
application to test the worth of the new features within
Smalltalk.

Papers and conferences

This year KAON Factory Controls papers have
been submitted to the PAC in San Francisco and the
ICALEPCS '91 Conference at KEK.

EXPERIMENTAL AREAS

The pillow seal was received from Palatine Precision
early in the year It was tested as a seal between two
pieces of vacuum pipe mounted and secured on a test
bench. The seal performed well and met its leak rate
design specifications. Although this seal is complicated
and expensive, if the technology can be developed in
aluminum, it seems to be the best alternative for ap-
plications where space between elements must be min-
imal.

The welding of aluminum was investigated first by
trying numerous weld preparations and then by weld-
ing two vacuum flanges. The aluminum alloy 5083 was
chosen for these tests due to its weldability without
filler material. Excellent results were achieved using
simple weld preparations and modest arc currents. The
two flanges were welded together and leak tested nu-
merous times using a simulated remote orbital weld-
ing technique. Weld quality was excellent in each trial
and only simple cutting techniques were used to sepa-
rate the flanges between weld trials. The results were
very encouraging for successful development of fully re-
mote orbital cutting and welding of aluminum vacuum
flanges between elements downstream of KAON pro-
duction targets. The results of these investigations are
contained in a design note (TR1-DN-91-K165).

The development of the prototype liquid lead tar-
get at the Inst. of Nuclear Physics, Novosibirsk, did
not proceed this year due to other priorities at that
laboratory. A smaller liquid lead target to be used as
a positron production target at SLAC was developed
and this gave much useful information relevent to the
larger target which would be required for KAON.

We have established contacts recently with Kinetic
Sciences Inc., a local firm which is working on com-
puter vision systems and autonomous robotic systems

for the Canadian Space Agency. It appears that the
control systems they are developing could be very ben-
eficial to the remote handling applications anticipated
at KAON. We are therefore in the process of develop-
ing a joint proposal to change their proof of principle
requirement from a space station defined job to an op-
eration relevant to the KAON remote handling design.
The initial response from the Space Agency to this
proposal has been very encouraging and we are hope-
ful that this will develop into a healthy collaboration
between KAON and local industry.

TECHNICAL DESIGN AND SYSTEMS
INTEGRATION

Costs and manpower studies

A Naming Convention Committee set up during
1990 completed its work on a mnemonic device naming
convention for all components, equipment and systems
for the KAON Factory. The results are summarized in
two design notes.

A more detailed study of the components needed for
KAON polarized beam operation was carried out. The
requirements for the E-ring snake and power supplies
were found to be difficult to achieve and there were
some difficulties in fitting the snakes into the existing
space. Further work is required on these designs.

The capital cost estimate database was queried to
provide a cost matrix of system cost vs. component
cost for the five accelerator rings and experimental
area beam lines. This work was aimed at providing
cost figures for packages of work suitable for foreign
involvement. Many inquiries were made by companies
interested in providing services or manufacturing capa-
bilities for KAON. The Canadian industrial database
is being updated to include any new information.

The quadrupole designs in the three storage rings
A, C and E were rationalized to reduce the number of
different designs. The most economic solution was to
meet the requirements of the twenty-seven quadrupole
families with twelve magnet designs made from ten dif-
ferent laminations.

The schedules for the various KAON technical areas
have been updated for a 6-year construction period and
a review of the manpower requirements is underway.

Technical studies

Further studies of E-ring injection and slow extrac-
tion were carried out aimed at looking at quadrupole
apertures and component specifications. Although the
magnetic field required for the injection septa is high,
injection into the E-ring as proposed looks possible
if an injection bump magnet is added. This magnet
moves the beam away from the injection septum as
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the emittance of the beam blows up during the slow
extraction process. The beam stay clear sizes of mag-
nets in the region where the beam is off-axis have to
be increased. The slow extraction study indicated that
a bore radius of 90 mm is required for one family of
quadrupoles.

As a result of the magnet designs that TRIUMF
is doing for the Brookhaven LESB3 beam line, infor-
mation about the techniques for manufacturing semi-
radiation hard coils was obtained. These coils use a
form of polyimide insulation and the extra factor of 10-
20 in. radiation resistance of this coil insulation makes
this technique of interest in the ring magnets, in par-
ticular those near high spill points such as at injection
and extraction or near collimators. Samples of a coil

section were installed in a high radiation field near the
TRIUMF cyclotron in May and one sample was re-
moved in October after a peak dose of 6.0 x 107Gy.
No radiation damage was observed other than some
discolouration. Tests are continuing.

A racetrack Booster design has now evolved as an al-
ternative to the circular Booster with a number of ad-
vantages, in particular dispersion less straight sections
for improved beam stability from synchro-betatron res-
onances and easier injection and extraction. A detailed
layout of this racetrack design is being made based
on increasing the circumference to 264 m which is 5.5
times the TRIUMF cyclotron radius rather than the
previous 4.5 factor.
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CONFERENCES, WORKSHOPS AND MEETINGS

TRIUMF-IPP B FACTORY WORKSHOP PARTICLES AND FIELDS '91

Over the past three years, the planning and design of
B factories has received tremendous attention at every
major e+e~ laboratory around the world. The basic
idea of a double-ring collider with asymmetric energy
beams, conceived by Pier Oddone and explored at the
1988 Snowmass meeting has, in January, 1991, evolved
into two concrete and detailed proposals from SLAC-
LBL and Cornell respectively. Extensive simulations
of CP measurements an an asymmetric collider show
that a signal would be seen after at most three years of
running, for almost all of the allowed range for asym-
metries. Access to many channels, the great strength
of the clean e+e~ environment, can be viewed either
as a large safety factor, or as a means of reducing the
time period for discovery.

It was in this context that TRIUMF, in conjunc-
tion with the Institute of Particle Physics, organized
a B Factory Workshop on February 14-15. The meet-
ing was attended by 80 physicists. It focussed on the
physics potential of studying b quarks at high luminos-
ity e+e~ storage rings, and reviewed the state-of-the-
art in machine and detector design represented by the
SLAC-LBL and Cornell B Factory proposals. Theoret-
ical implications of the standard model for B physics
were thoroughly discussed and reviews of current ex-
periments were presented with projections for the near
future. The meeting was highlighted by presentations
of the two North American proposals, and an update of
progress at KEK. Professor J.D. Bjorken summarized
the meeting by reinforcing the case for a two-pronged
attack by e+e~ factories and hadron machines on CP
violation in the B system.

On the whole, the participants found this to be a
highly successful and stimulating meeting.

SNIT

The third annual Summer Nuclear Institute at TRI-
UMF was held July 29 to August 9. It was organized by
M. Vetterli and B.K. Jennings and supported by TRI-
UMF. The purpose of the program is to teach graduate
students topics that might not generally be included in
their regular course work but are none the less impor-
tant. The lectures stress a pedagogical presentation of
the material. The pedagogical nature of the Institute
is further emphasized by requiring the students to do
assignments which are then graded.

The principle speakers were M. MacFarlane (In-
diana), J. Friar (Los Alamos) A.W. Thomas (Ade-
laide), R.M. Woloshyn (TRIUMF), and J.-M. Poutis-
sou (TRIUMF). There were 16 registered participants.

Particle physics is now in a particularly fertile and
yet bewildering period. Never before has there been
such predictive power as resides in the standard model,
which racks up success after success as each new result
comes rolling in from the highest energy colliders, the
Tevatron at Fermilab and LEP at CERN, as well as
from low energy precision electroweak studies. Never-
theless, as the concurrence of theory and experiment
extends, the puzzles of the standard model deepen -
what is the origin of the multitude of parameters, of
mass and mass scales, of the generation structure? The
Particles and Fields '91 Conference occurred at a time
of consolidation of perspectives as well as at a time of
searching for new ways to expand fundamental knowl-
edge.

PF91 was the sixth in a series of meetings sponsored
by the Division of Particles and Fields of the American
Physical Society and was co-sponsored by the Particle
Physics Division of the Canadian Association of Physi-
cists. The meeting was organized by TRIUMF and held
in Vancouver on the campus of the University of British
Columbia on August 18-22. Approximately 600 scien-
tists from North America and around the globe were
treated to a series of twelve plenary presentations and
an extensive set of 250 parallel session talks covering
most aspects of the current scene in experimental and
theoretical particle physics, including many associated
topics like astrophysics, instrumentation and acceler-
ator science. In spite of the glorious weather and the
magnificent scenery, the sessions were packed and the
discussions intense. The organizers saw to it that all
speakers kept to their allotted times, even resorting to
an occasional (unscheduled!) fire alarm to keep things
on track.

PF91 was enlivened by the drama "Perils of KAON",
as rumors abounded of the imminent announcement of
funding for the new KAON Factory to be located at
TRIUMF. Progress was eventually made on this front,
but it came four weeks following the conference. We
were also fortunate to have Professor Dick Taylor's
thoughtful and entertaining address following a bar-
beque at the Museum of Anthropology and to present
a stimulating evening of public education attended by
over 400 people featuring Professors Fitch, Kolb and
Peccei.

The PF91 organizers are indebted to the Interna-
tional Advisory Committee members, who provided
valuable advice on the selection of speakers and top-
ics. We owe a special vote of thanks for the dedication,
hard work and outstanding scientific judgement dis-
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played by the conveners of the parallel sessions. We
would also like to thank the participants for adhering
to our accelerated publication schedule, which has en-
abled the proceedings to appear in a timely fashion for
a larger community of particle physicists to enjoy.

Financial support for PF91 was generously provided
by the Department of Energy, the National Science
Foundation, the Natural Sciences and Engineering Re-
search Council, TRIUMF, the Institute of Particle
Physics and by several industrial associates, includ-
ing LeCroy Corporation, Bicron Corporation, Creative
Electronics Systems SA, Horiba Crystal Products and
Varian Canada Inc.

The Chairman (Doug Bryman) would like to thank
Martin Comyn, Vice Chairman of PF91, for his tireless
cfiorts in coordinating many aspects of the conference.
The local organizing committee at TRIUMF worked
long and hard to make PF91 and its extracurricular
activities successful. In particular, special appreciation
is due Elly Driessen, Ruth Risto and Pat Stewart for
their magic in making the complex organizational ar-
rangements appear effortless and Lorraine King for her
professional management of all aspects of the proceed-
ings.

TRIUMF USERS GROUP ANNUAL RE-
PORT

The year 1991 was most memorable for the an-
nouncement on September 19 that the federal gov-
ernment would fund 1/3 of the capital costs for the
construction of KAON. TRIUMF employees, users and
many friends of KAON celebrated the event at a news
conference on the TRIUMF site. Champagne was also
the order of the day at distant sites as the news spread.
With this crucial step forward, the jobs of settling the
questions concerning the operating costs of KAON,
and converting the foreign pledges into commitments
still remain. The British Columbia provincial election
and the ensuing change in government have slowed the
negotiations on the operating costs, but everyone has
the highest hopes that the full "green-light" for KAON
will occur in 1992.

In 1990, the Armstrong committee was constituted
by the presidents of NSERC and NRC as a long range
planning committee with the specific task to develop
options for an appropriate plan for Canadian involve-
ment in subatomic physics over the long term under
various funding scenarios. The positive decision by the
federal government reflects the highest priority recom-
mendation of that committee. The on-going review of
funding for subatomic physics resulted in the introduc-
tion of significant changes for the 1991-2 competition
- primarily related to the multi-year funding profiles
that will be progressively introduced for project grants,

and the definition of a funding envelope of about $19.5
million for all of subatomic physics research (exclud-
ing TRIUMF and TASSC infrastructure). As a result
the SAPGSC has greater freedom in the distribution
of awards. One condition for this new granting proce-
dure is that a Long Range Planning Committee (SAP-
LRPC) for subatomic physics be established to provide
overall guidance for the expenditures covered by the
funding envelope.

A meeting of the TRIUMF Users Group was con-
vened on February 1 (on short notice!) at the con-
clusion of the GSC presentations at TRIUMF to dis-
cuss questions raised by these developments. The need
for the TRIUMF Users Group to have an impact on
the structure and composition of the SAP-LRPC was
stressed, as was the generally poor financial support
for experiments in subatomic physics. A summary of
user comments and suggestions was sent to NSERC on
behalf of the TRIUMF Users Group. The formation
of the subatomic physics LRPC has been delayed, but
further news should be forthcoming early in 1992. This
topic will be pursued by the 1992 TUEC.

A perennial problem has been the danger of failing
to obtain the constitutional minimum number of com-
pleted ballots for the TUEC elections, based on a re-
turn from at least 25% of registered TRIUMF Users to
whom ballots were mailed. In addition, the increasing
number of Users from off-site makes it difficult to meet
the quorum of 15% of registered Users at the annual
general meeting (AGM). As decided at the 1990 AGM,
a mail ballot was carried out in which Users agreed to
amend the constitution as follows:

1. Article V, section 4(c) is amended to read "At
least one hundred ballots or twenty-five per cent
of the ballots mailed, whichever is the lesser num-
ber," and

2. Article II, section 6 is amended to read "At least
sixty members or fifteen percent of the member-
ship, whichever is the lesser number, present in
person, shall constitute a quorum."

In addition, it was decided at the 1990 AGM to have
all registered Users Group members re-confirm their
membership. This procedure will be continued in fu-
ture years to ensure that inactive or disinterested Users
are dropped from the mailing list and the roster of el-
igible voters. Users who do not re-register will receive
mailings for only one additional year. Following the
updating of the membership list in this manner, the
TRIUMF Science Director was surprised that he did
not receive a ballot for the election of the 1992 Users
Executive Committee. He is certainly not the only user
who filed the registration form away for "future ac-

197



tion". Only registered users will receive updates to the
TRIUMF Users Manual and Kinematics Handbook.

As is customary, TUEC contributed support this
year to the Lake Louise Winter Institute (LLWI) to as-
sist in the publication costs and support for students.
The title of the 1991 LLWI was Particle Physics - the
Factory Era. A decision was taken to support a neu-
trino workshop immediately preceding the 1992 LLWI,
and to subsidize students from TRIUMF universities
who wish to go and make presentations at the Western
Regional Nuclear Physics Conference.

The TRIUMF Long Range Planning Committee met
for the first time in 18 months on December 2-3. The
long hiatus was the result of delay in any federal an-
nouncement concerning the KAON Factory. Previous
members attended as well as two new appointees, K.
Nakai (KEK, Tokyo) and K. Kilian (KFA, Julich),
who will be replacing retiring members. The topics
discussed at the meeting included: an update on the
status of KAON, status of the design and R&D efforts
for KAON, overview of the KAON science and exper-
imental facilities, the scenario for implementation of
an experimental program, Working Groups, the future
KAON LRPC, infrastructure support, and issues re-
lated to the on-going physics program and the transi-
tion of research activities to KAON.

The LRPC recommendations were that the KAON
Factory should remain the top priority project and that
the necessary resources should be provided to keep the
accelerator design and R&D efforts on a fast track. The
procedures and process leading to a call for KAON pro-
posals should be initiated promptly. Finally, a review of
the complete on-going program should be carried out
as soon =is possible to arrange for an orderly transition
of present TRIUMF experiments to KAON physics.
As presented by J.-M. Poutissou, given the KAON go-
ahead early in 1992, the plan is for TRIUMF to call
for experimental Letters of Intent late in 1992, with
formal proposals about a year after that.

The TRIUMF Users Group Annual General Meeting
was held on December 4. Erich Vogt provided his cus-
tomary ebullient summary of current developments at
TRIUMF and KAON. Jean-Michel Poutissou summa-
rized the many scientific results obtained in the past
year at TRIUMF. Gerardo Dutto presented a report
on the machine and facility development in 1991, high-
lighted by the report of record polarization and inten-
sity from OPPIS. Three invited talks covered a wide
range of interests: K. Kilian (KFA) described the first
experiments planned at COSY; B.J. Snow (UBC) de-
scribed interesting medical work made possible by de-
velopments at TRIUMF in a talk entitled UPET Stud-
ies in Movement Disorders"; and Y. Kuno (TRIUMF)
described present and future experimental possibilities

for searches of T-violation in K+ —<• ir°+p+v decay. In
the afternoon there was a lively discussion of the im-
pact KAON would have on the on-going program, and
the commitments TRIUMF/KAON users would have
to make in order to be properly organized for the first
round of KAON experiments.

The AGM dinner was held at Brock House. Approx-
imately 70 persons attended and were entertained by
the canonical after-dinner speaker. Last year Erich re-
minded us of the series of minor miracles that had led
TRIUMF to the verge of KAON. This year, with every-
one nervously poised to plunge into the task of building
KAON, users were encouraged and cajoled to use the
present "creative uncertainty" to best advantage.

TUEC membership for 1902

A. Olin
Chairman

W.T.H van Oers
Assoc. Chairman

D. Armstrong
J. Brewer
P. Kitching
M. LaBrooy

Liaison Officer

TRIUMF/Univ. of Victoria

Univ. of Manitoba

U.C. Berkeley
Univ. of British Columbia
Univ. of Alberta
TRIUMF

The following members of the 1991 committee re-
tired at the end of the year: L.G. Greeniaus (Chair-
man), T. Ruth, M. Sevior and R. Tacik. The present
members of TUEC would like to thank the retiring
members for their considerable efforts expended on be-
half of the TRIUMF Users in the past year.

Long-Range Planning Committee

The Long Range Planning Committee met once in
1991, the first meeting in 18 months. A number of peo-
ple served past their normal term in order to provide
some continuity from the previous meeting. On behalf
of the TRIUMF Users, TUEC would like to thank the
members of the LRPC for their hard work and ded-
ication. In particular we would like to thank those
members who are retiring after the December, 1991
meeting: Rudy Abegg, Jack Beveridge, Ed Boschitz
and Peter Jackson. We also extend a special thanks to
the outgoing chairman Stan Kowalski who is also retir-
ing from the committee. John McClelland was elected
the new chairman of the TRIUMF/KAON LRPC and
will begin by organizing the next meeting. We wel-
come two new members to the committee: Kurt Kilian
(KFA) and Kosi Nakai (KEK). These new appoint-
ments by TUEC reflect the dominant role users assume
for KAON in the future. The membership of the 1991
committee was as follows:



S. Kowalski
Chairman

B.K. Jennings
Secretary

R. Abegg
J. Beveridge
E. Boschitz
J. Brewer
D. Hanna
M. Hasinoff
K.P. Jackson
K. Kilian
K. Nakai
J. McClelland
J. Deutsch

(EEC Chairman)
L.G. Greeniaus

(TUEC Chairman)
R.R. Johnson

(Applied Program)
W.Joho

(Accel. Comm.)
J.-M. Poutissou

(Science Director)

MIT

TRIUMF

TRIUMF/Univ. of Alberta
TRIUMF
Univ. of Karlsruhe
Univ. of British Columbia
McGill Univ.
Univ. of British Columbia
Simon Fraser Univ.
KFA
KEK
LAMPF
Louvain-la-Neuve

TRIUMF/Univ. of Alberta

TR1UMF/UBC

PSI

TRIUMF

The Users would also like to thank their representa-
tives on the TRIUMF Operating Committee for their
services during 1991. The members were D. Frekers
(TRIUMF) and his alternate D. Azuma (Toronto), and
S.A. Page and her alternate E.L. Mathie (Regina).

User Group

Thanks to an Infrastructure grant from NSERC in
1991-92, a fiSR User Facility has been formally inau-
gurated at TRIUMF to better serve the needs of a
broader user community. A three-year grant is antici-
pated for 1992-95 at an increased level of funding which
should allow for additional support personnel. Com-
bined with new facilities and support from TRIUMF
(outlined in the latest Five Year Plan), this promises a
more accessible and open environment for /iSR Users
at TRIUMF - and, we hope, a more efficient and pro-
ductive pSR program.

The first step in establishing a forum for cooper-
ative development of the /iSR User Facility was the
formal creation of a TRIUMF fiSR User Group. A list
of registered members (as of October) can be found
in Appendix B. Anyone who has (or wishes to have)
any involvement with /iSR at TRIUMF should join
this group to ensure a voice in the decision-making
process. A membership application form can be ob-
tained from the TRIUMF Information Office or via
electronic mail from Jess Brewer (JESS@TRIUMFCL
or REG: JESS or jess@reg.triumf.ca) or Michael

LaBrooy (lNFOFF@TRIUMFCL or REG::INFOFF or in-
fofT@reg.triumf.ca). Registered Users will receive a de-
scription of the facilities and procedures of the TRI-
UMF ftSR User Facility, a newsletter and other useful
information (beam schedules, etc.) on a continuing ba-
sis. Most correspondence will be via electronic mail, so
please provide an E-mail address or indicate clearly if
you require more archaic media.

The creation of the fiSR User Facility is a natural
step in the evolution of /JSR at TRIUMF. Over the
years, the TRIUMF Experimental Facilities group, in
concert with local fiSR users and generous visitors from
the USA and Japan have built up excellent /iSR facil-
ities at TRIUMF:

• Major Equipment — four muon channels, two
spin rotators, several /iSR spectrometers, a mod-
ern pulsed rf system (for resonance work) and a
dilution refrigerator (DR) just for /zSR use;

• Minor Equipment — numerous cryostats, scintil-
lation counters, fast and slow electronics (based
on the LRS 4204 TDC);

• Computers — new hardware (VAX workstations)
and extensive software.

These facilities represent a considerable investment by
NRC, NSERC and other benefactors.

Both TRIUMF policy and the sentiments of those
who built up these fxSR facilities dictate that all such
resources should be available to anyone whose experi-
ment is approved by the TRIUMF Experiments Eval-
uation Committee (EEC), an impartial international
peer review body. In the last few years (especially since
1987) larger numbers of "casual" //SR users have be-
come interested in the capabilities of fiSR as a probe.
Consequently, an increasing fraction of muon beam
time and manpower has been devoted to servicing a
wider user community - gradually transforming what
was once a small group of "insiders" into a heteroge-
neous (tSR User Group.

In creating the fiSR User Facility we have gath-
ered together the resources that have traditionally been
available to TRIUMF /iSR Users on an informal ba-
sis, augmented them with essential new equipment and
personnel and reorganized their management into a co-
herent Facility group with better visibility and easier
access. If you are interested in (tSR, we need your in-
put to optimize this transformation. Please study the
administrative structure shown in Fig. 195 and send
us your comments and suggestions along with your
completed application for membership in the TRIUMF
/iSR User Group.
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TRIUMF Administration /uSR Steering Committee!

\ Facility Manager

EEC

Personnel:
Liaison Physicist

Liaison Chemist

Engineer

Technician

Data Systems Specialist

User Group

Fig. 195. Administrative structure of pSR User Facility.

Figure 195 shows the current administrative struc-
ture of the TRIUMF fiSR User Facility. The function
of the /iSR User Facility personnel is to serve the user
community represented by the TRIUMF fxSR User
Group; the User Group is represented on the /*SR User
Facility Steering Committee, which feeds back User in-
put to the juSR User Facility Manager, a TRIUMF em-
ployee who reports directly to the TRIUMF Admin-
istration but is guided by the advice of the Steering
Committee. (The interim Facility Manager is Dr. Glen
M. Marshall, TRIUMF Muon Facility Scientist.) The
Facility Manager will also supervise the activities of
the (iSR User Facility personnel in support of Users'
experiments.

The TRIUMF EEC meets twice a year (July-August
and November-December) to evaluate experimental
proposals and advise the Director of TRIUMF regard-
ing scientific priorities and beam scheduling; the Direc-
tor then instructs the Scheduling Committee to set up
a beam schedule reflecting the EEC allocations (sub-
ject to the Director's discretion) and optimizing the

efficiency of utilization of the various facilities. This
procedure is well established at TRIUMF after over
15 years of fine tuning. However, the advent of many
extremely brief /iSR experiments (sometimes requiring
as little as one shift of beam time for preliminary re-
sults) has created a need for a parallel process of beam
scheduling with less "steric hindrance" for such trial
experiments.

Recently it has been possible to allocate blocks of
beam time on M13 (a surface muon channel equipped
with a short dc separator to remove positrons but with-
out muon spin-rotator capability) for unspecified "jiSR
Users" experiments. During these periods a general-
purpose fiSR spectrometer and cryostat are set up
and made available for Users' short-term experiments.
"Micro-scheduling" of this beam time is the peroga-
tive of the Associate Director, Jean-Michel Poutissou
(JMP@TR!UMFCL), to whom short (1-page) proposals
should be submitted as far in advance of the beam
time as possible. This informal arrangement has been
satisfactory so far, but is subject to change if conflicts
arise.

Details of the facilities and apparatus available as
well as procedural advice may be obtained (prefer-
ably by electronic mail) from the îSR Facility
Manager (MRSHL@TRIUMFCL or REG::MRSHL or mr-
shl@reg.triumf.ca) or from Jess Brewer
(JESS@TRIUMFCL or REG::JESS orjess@reg.triumf.ca).

All data obtained with the help of the TRIUMF
(iSR User Facility are deemed to be in the public do-
main and will, after a short time, be made available to
all. Proprietary research may be possible under special
conditions with financial arrangements determined by
the Director of TRIUMF.
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ORGANIZATION

Board of Management

The Board of Management of TRIUMF manages the business of the facility and has equal representation from
each of the four founding universities. At the end of 1991 the Board comprised:

University of Alberta Dr. C.R. James Vice-Chairman
Dean W.J. McDonald
Dr. E.W. Brooker

Simon Fraser University Dean C.H.W. Jones
Dr. R.G. Korteling
Dr. W. Leiss

University of Victoria Mr. D. Brousson
Dean A.T. Matheson Chairman
Dr. L.P. Robertson

University of British Columbia Dr. D.J. Doyle
Dr. D.F. Measday
Dr. R.C. Miller

Non-voting members: Dr. J.J. Child, National Research Council
Dr. J.S. Riordon, Carleton University
Dr. E.W. Vogt, Director, TRIUMF
Dr. J.-M. Poutissou, Assoc. Director, TRIUMF
Mr. M. La Brooy, TRIUMF Recording Secretary

Towards the end of 1987, Board membership was expanded, in anticipation of a broadening of the TRIUMF
joint venture to include a more national representation of Canadian universities long associated with the TRIUMF
experimental program. The University of Manitoba and Universite' de Montreal became associate members, and
the University of Toronto joined as an observer. At the end of 1988, University of Toronto status changed from that
of observer to associate member. In March, 1989 the University of Regina became an associate member. Associate
membership at year-end:

Associate members: Dean H. Cohen, University of Manitoba
Prof. J.F. Keffer, University of Toronto
Dr. B.L. Scarfe, University of Regina
Prof. R. Simard, Universite de Montreal

There was one change in Board membership in 1991: Dr. E.W. Brooker replaced Dr. G.C. Neilson as University
of Alberta member. The Board met three times during the year.

Administration

Under the directorship of Dr. E.W. Vogt, TRIUMF personnel were grouped into divisions, with division heads
and the administration branch as follows:

a) Division Head, Science Division J.-M. Poutissou
Division Head, Electronics L Computing Division W.K. Dawson
Division Head, Applied Programs and Technology Division R.R. Johnson
Division Head, Cyclotron Division G. Dutto
Chief Financial Officer Mr. C.W. Bordeaux
Personnel Officer Ms. P. Adams
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and for the KAON Factory Project Definition Study:

b) Project Leader A. Astbury
Project Deputy and Division Head, PDS Accelerator Research Division M.K. Craddock
Division Head, PDS Technology Division E.W. Blackmore
Division Head, PDS Science Division P. Kitching

Operating Committee

The Operating Committee of TRIUMF is responsible for the operation of the facility. It reports to the Board
of Management through its chairman, the Director, Dr. E.W. Vogt. In 1985 the membership was broadened: in
addition to the four voting members (one from each of the four universities), three new voting members joined
the committee, two representing the interests of external users and one representing TRIUMF staff. The Associate
Director is a non-voting member. Members of the committee (alternate members in parentheses) at the end of 1991

Dr. E.W. Vogt
Dr. J.-M. Poutissou
Dr. G. Roy
Dr. K.P. Jackson
Dr. G.A. Beer
Dr. M.D. Hasinoff
Dr. S.A. Page
Dr. D. Frekers
Dr. H.R. Schneider
Mr. M. La Brooy
Mr. C.W. Bordeaux
Dr. J.J. Child

Chairman Director
(ex officio) Associate Director

University of Alberta
Simon Fraser University
University of Victoria
University of British Columbia
Users
Users
TRIUMF

Secretary TRIUMF
(ex officio) Ch'cf Financial Officer
(ex officio) National Research Council

(Dr. W.C. Olsen)
(Dr. 0 . Hausser)
(Dr. A. Olin)
(Dr. R. Kiefl)
(Dr. E.L. Mathie)
(Dr. R.E. Azuma)
(Mr. J. Yandon )

Changes in 1991: Dr. G. Roy replaced Dr. W.C. Olsen as senior member for the University of Alberta, with
Dr. Olsen replacing Dr. L.G. Greeniaus as the alternate. Dr. O. Hausser replaced Dr. K.P. Jackson as alternate
for Simon Fraser University while Dr. Jackson replaced Dr. J.M. D'Auria as senior member. Drs. M.D. Hasinoff
and R. Kiefl replaced Drs. D.LI. Williams and n,. Waltham as University of British Columbia senior and alternate
members respectively. Dr. S.A. Page replaced Dr. E.L. Mathie as one of the two senior members representing Users;
Dr. Mathie look the alternate position, replacing Dr. N. Davison.

TRIUMF Safety Advisory Committee

The TRIUMF Safety Advisory Committee (TSAC) consists of:

Applied Programs and Technology Division
Electronics and Computing Division
Applied Programs and Technology Division
Head, TRIUMF Safety Group
TAPC Chairman, Applied Programs and Technology Division
Director, Occupational Health k Safety, UBC
Cyclotron Division
Cyclotron Division
Cyclotron Division
Experimental Facilities Group, Science Division
Experimental Facilities Group &c PDS
Applied Programs and Technology Division
Applied Programs and Technology Division
Science Division
Science Division
Director, UBC/TRIUMF PET Program
Nordion International, Inc.

Mr. I.M. Thorson
Mr. B. Evans
Mrs. K. Gildert
Mr. L. Moritz
Dr. M. Adam
Dr. M.W. Greene
Mr. A. Hurst
Mr. D. Pearce
Mr. M. Zach
Dr. J.A. Macdonald
Mr. A.J. Otter
Dr. N. Stevenson
Mr. J.S. Vincent
Dr. C. Davis
Dr. D. Hutcheon
Dr. T.J. Ruth
Mr. B. Abeysekera

Chairman
alternate
Secretary

alternate

alternate

a'.ternate

alternate
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Observers:
Dr. M.F. James
Mr. W. Brown
Dr. B. Phillips

Experiments Evaluation Committee

Atomic Energy Control Board
Atomic Energy Control Board
B.C. Ministry of Health

Chairman
Secretary
Associate Director

(ex officio)

(ex officio)

Dr. J. Deutsch
Dr. D.A. Axen
Dr. J.-M. Poutissou
Dr. C.A. Barnes
Dr. J.A. Berlinsky
Dr. M.D. Cooper
Dr. D.R. Gill
Dr. C. Glashausser
Dr. T.E. Gough
Dr. L.G. Greeniaus
Dr. R. Kiefl
Dr. M. Klein
Dr. M. Locher
Dr. A.H. MacDonald
Dr. P.J. Schultz
Dr. G. Scoles
Dr. L.D. Skarsgard
Dr. M.J. Stott
Dr. T. Yamazaki
Dr. K. Yazaki
fiSR Subcommittee:
Dr. M. Klein
Dr. R. Kiefl

Dr. A.H. MacDonald
Dr. G. Scoles
Dr. T.E. Gough
Dr. J.A. Berlinsky
Dr. P.J. Schultz

Changes during the year were: Dr. D.A. Axen replaced Dr. L.G. Greeniaus as Secretary. Drs. M.J. Stott and
Dr. T. Yamazaki completed their terms in July. The committee welcomed new members: Dr. J.A. Berlinsky, Dr.
T.E. Gough, Dr. P.J. Schultz and Dr. K. Yazaki.

(ex officio)

Universite Catholique de Louvain
University of British Columbia
TRIUMF
California Institute of Technology
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Appendix C

EXPERIMENT PROPOSALS

The following lists experiment proposals received up to the end of 1991 (missing numbers cover proposals that
have been withdrawn or replaced by later versions or rejected or combined with another proposal). Page numbers are
given for those experiments which are included in this annual report. Pa

1. Low-energy x scattering [completed], R.R. Johnson (TRIUMF- UBC), K.L. Erdman (Univ. of British Columbia),
T. Masterson (Univ. of Colorado), P. Walden (TRIUMF)

3. The study of fragments emitted in nuclear reactions [completed], R.E.L. Green, R.G. Korteling (Simon Fraser
Univ.), K.P. Jackson (TRIUMF), L. Church (Reed College)

6. Studies of the proton- and pion-induced fission of light to medium mass nudides [completed], B.D. Pate (Univ.
of British Columbia), H. Blok (Novatrack), H. Dautet, F.M. Kiely pinion Fraser Univ.), Z. Fraenkel (Weizmann
Inst.)

9. A study of the reaction x~ + P —* 7 + »» at pion kinetic energies from 20-200 MeV [completed], K. Aniol (Cal-
ifornia State Univ.), A. Bagheri, M.D. Hasinoff, D.F. Measday (Univ. of British Columbia), J.-M. Poutissou,
M. Salomon (TRIUMF), R. Poutissou (Univ. de Montreal), B.C. Robertson (Queen's Univ.)

10. Positive pion production in proton-proton and proton-nucleus reactions [completed], E.G. Auld, G. Jones (Univ.
of British Colombia), R.R. Johnson (TRIUMF-UBC), T. Masterson (Univ. of Colorado), P. Walden (TRIUMF)

11. Nuclear spectroscopic studies of short-lived radioactive products of high energy reactions [completed], J.M.
D'Auria, H. Dautet ( Simon Fraser Univ.), K.P. Jackson (TRIUMF)

14. The interaction of protons with very light nuclei in the energy range 200-500 MeV [completed], J.M. Cameron,
G.S. Moss, G. Roy (Univ. of Alberta), L.G. Greeniaus, D.A. Hutcheon, C.A. Miller, J.G. Rogers (TRIUMF), M.
de Jong, W.T.H. van Oers (Univ. of Manitoba), C. Goulding (Los Alamos National Lab), A.W. Stetz (Oregon
State Univ.), J. Kallne (JET Joint Undertaking)

15. A proposal to study quasi-free scattering in nuclei [completed], J.M. Cameron, W.K. Dawson, W.J. McDonald,
G.C. Neilson, W.C. Olsen, G.M. Stinson (Univ. of Alberta), P. Hitching (TRIUMF-Univ. of Alberta), E.D.
Earle (Chalk River Nuclear Labs), D.A. Hutcheon, C.A. Miller (TRIUMF), J.T. Sample (Research Secretariat
of B.C.), A.W. Stetz (Oregon State Univ.), A.N. James (Univ. of Liverpool)

21. Optical activity induced by polarized elementary particles [completed], L.D. Hayward, D.C. Walker (Univ. of
British Columbia)

22. Negative pion capture and absorption on carbon, nitrogen and oxygen [passed to Biomedical Experiments
Evaluation Committee], H.B. Knowles (Washington State Univ.)

23. Study of decay modes a) r° — 3y, b) T + —• e+i/ey, c) T + —» jr°e+i>e [completed], P. Depommier, J.P. Martin,
R. Poutissou (Univ. de Montreal), D. Bryman (TRIUMF-Univ. of Victoria), J.A. Macdonald, J.-M. Poutissou,
M. Salomon (TRIUMF), M. Dixit (National Research Council), M.D. Hasinoff, D.F. Measday (Univ. of British
Columbia)

24. Elastic scattering of polarized protons on 12C [completed], G.A. Moss, G. Roy, D.M. Sheppard,* H. Sherif
(Univ. of Alberta), L.G. Greeniaus, D.A. Hutcheon, C.A. Miller (TRIUMF)

26. Measurement of the differential cross section for free neutron-proton scattering and for the reaction D(n,p)2n
[completed], L.P. Robertson (Univ. of Victoria), C. Amsler (CBRN), E.G. Auld, D.A. Axen (Univ. of British
Columbia), D.V. Bugg, J.A. Edgington (Univ. of London, QMC), A.S. Clough (Univ. of Surrey), J.R. Richard-
son (UCLA), N.M. Stewart (Univ. of London, Bedford College), J. Va'vra (SLAC)

27. Measurement of the polarization in free neutron-proton scattering [completed], D.A. Axen, E.G. Auld (Univ.
of British Columbia), C. Amsler, (CERN), D.V. Bugg, J.A. Edgington (Univ. of London, QMC), A.S. Clough
(Univ. of Surrey), J.R. Richardson (UCLA), L.P. Robertson (Univ. of Victoria), G. Roy (Univ. of Alberta),
N.M. Stewart (Univ. of London, Bedford College), J. Va'vra (SLAC)

35. A study of positive muon depolarization phenomena in chemical systems [completed], J.H. Brewer, D.G.
Fleming, D.C. Walker, J.B. Warren* (Univ. of British Columbia), Y.C. Jean (Univ. of Missouri, KC), K.M.
Crowe (Lawrence Berkeley Laboratory)

40. A proposal for neutron experiments at TRIUMF [completed], D.A. Axen, M.K. Craddock (Univ. of British
Columbia), I.M. Blair (AERE Harwell), D.V. Bugg, J.A. Edgington (Univ. of London, QMC), A.S. Clough
(Univ. of Surrey), N.M. Stewart (Univ. of London, Bedford College), J. Va'vra (SLAC)
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41. a) Radiative capture of pions in light nuclei [completed], b) Charge exchange of stopped negative pions [com-
pleted], J.-M. Poutissou, M. Salomon (TRIUMF), D. Berghofer, M.K. Craddock, M.D, Hasinoff, R. MacDonald
(Univ. of British Columbia)

42. *~-3He: a) Strong interaction shift, b) Neutron-neutron scattering length [completed], G.A. Beer, S.K. Kim,
G.R. Mason, R.M. Pearce,* C.E. Picciotto, L.P. Robertson, C.S. Wu (Univ. of Victoria), D. Bryman, A. Olin
(TRIUMF-Univ. of Victoria), J.A. Macdonald, J.S. Vincent (TRIUMF), M. Dixit (NationalResearch Council),
M. Krell (Univ. de Sherbrooke)

46. Hyperfine splitting in polarized muonic 209Bi atoms [completed], G.T. Ewan, H.B. Mak, B.C. Robertson
(Queen's Univ.), G.A. Beer, G.R. Mason, R.M. Pearce* (Univ. of Victoria), A. Olin (TRIUMF-Univ. of Vic-
toria), D.G. Fleming (Univ. of British Columbia), K. Nagamine, T. Yamazaki (Univ. of Tokyo)

47. Photon asymmetry in radiative muon capture [completed], J.H. Brewer, M.D. Hasinoff, R. MacDonald (Univ.
of British Columbia), K. Krane (Oregon State Univ.), J.-M. Poutissou (TRIUMF)

48. Fertile-to-fissile conversion in electrical breeding (spallation) targets [completed], I.M. Thorson, F.M. Kiely
(Simon Fraser Univ.), B.D. Pate (Univ. of British Columbia)

52. Measurement of the r — ev branching ratio [completed], P. Bryman, A. Olin (TRIUMF-Univ. of Victo-
ria), G.R. Mason (Univ. of Victoria), D. Berghofer (Univ. of British Columbia), M. Dixit (National Research
Council)

53. Emission of heavy fragments in pion absorption [completed], D.R. Gill, M. Salomon, E.W. Vogt (TRIUMF),
P.W. Martin, G. Jones (Univ. of British Columbia)

f4. JT* reaction cross-section measurements on isotopes of calcium [completed], R.R. Johnson (TRIUMF-UBC),
K.L. Erdman (Univ. of British Columbia), J.L. Beveridge (TRIUMF)

55. n~ capture in deuterium and the two-neutron interaction [completed], J.M. Cameron, W.J. McDonald, G.C.
Neilson (Univ. of Alberta), H.W. Fearing (TRIUMF)

56 A study of the decay of the muon [completed], M.D. Hasinoff, R. MacDonald (Univ. of British Columbia), P.
Depommier (Univ. de Montreal), J.-M. Poutissou, M. Salomon (TRIUMF)

57. Search for (i* —» c+ + y decay mode [completed], P. Depommier, J.P. Martin, R. Poutissou (Univ. de Montreal),
J.-M. Poutissou (TRIUMF)

58. Polarization effects of the spin-orbit coupling of nuclear protons [completed], W.K. Dawson, P. Hitching
(TRIUMF-Univ. of Alberta), J.M. Cameron, W.J. McDonald, G.A. Moss, G.C. Neilson, W.C. Olsen, G. Roy,
DM. Sheppard,* H. Sherif, G.M. Stinson (Univ. of Alberta), D.A. Hutcheon, C.A. Miller (TRIUMF), J.T.
Sample (Research Secretariat of B.C.)

59. Investigation of the (p, 2p) reactions on 3He, 3H and 4He [completed], D.K. Hasell, W.T.H. van Oers (Univ. of
Manitoba), J.M. Cameron, G.A. Moss (Univ. of Alberta), R. Abegg, L.G. Greeniaus, J.G. Rogers (TRIUMF),
M.B. Epstein, D.J. Margaziotis (California State Univ. LA), A.W. Stetz (Oregon State Univ.)

60. Study of muonium formation in MgO and related insulators and its diffusion into a vacuum [completed], J.H.
Brewer, D.G. Fleming, G. Jones, J.B. Warren* (Univ. of British Columbia)

61. Pre-clinical research on the JT~ beam at TRIUMF [completed], J. Brosing, C.J. Eaves, R.W. Harrison, M.
Korbelik, G.K.Y. Lam, B. Palcic, K.R. Shortt, L.D. Skarsgard (B.C. Cancer Foundation), B.G. Douglas, R.O.
Kornelsen, M.E.J. Young (B.C. Cancer Control Agency), R.M. Henkelman (Univ. of Toronto)

65. Radiosensitivities of tumours in situ to jr-meson irradiation [completed], S. Okada, K. Sakamoto, N. Suzuki
(Univ. of Tokyo), T. Ono (Univ. of Alberta)

66. Survey of p-p bremsstrahlung far off the energy shell [completed], J.G. Rogers, H.W. Fearing (TRIUMF), J.M.
Cameron, A.N. Kama! (Univ. of Alberta), J.V. Jovanovich (Univ. of Manitoba), J.R. Richardson (UCLA),
A.W. Stetz (Oregon State Univ.), A. Szyjewicz (Univ. of Saskatchewan)

71. Muon spin rotation project [completed], J.H. Brewer, A. Duncan, D.G. Fleming, D.LI. Williams (Univ. of
British Columbia), M. Doyama, R. Hayano, K. Nagamine, T. Yamazaki (Univ. of Tokyo), B.D. Patterson
(Univ. Zurich)

72. Solid state studies by muonic X-ray polarization [completed], H. Hayano, K. Nagamine, N. Nishida, T. Yamazaki
(Univ. of Tokyo), R.M. Pearce* (Univ. of Victoria)

73. Artificial muon polarization [completed], R. Hayano, K. Nagamine, N. Nishida, T. Yamazaki (Univ. of Tokyo),
J.H. Brewer, D.G. Fleming, M.D. Hasinoff (Univ. of British Columbia), H.B. Mak (Queen's Univ.)
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74. Proposal to measure D,R and R' in pp scattering, 200 to 500 MeV [completed], D.V. Bugg, J.A. Edgington,
K. Shakarchi (Univ. of London, QMC), D.A. Axen (Univ. of British Columbia), A.S. Clough (Univ. of Surrey),
S. Jaccard (Univ. de Neuchatel), N.M. Stewart (Univ. of London, Bedford College), G. Ludgate, C. Oram
(TRIUMF), J. Va'vra (SLAC)

75. The <f(p, ir+)< pion production reaction for high momentum transfer [completed], W.C. Olsen (Univ. of Alberta),
P. Kitching (TRIUMF-Univ. of Alberta), E.G. Auld, G. Jones (Univ. of British Columbia), H.W. Fearing, D.A.
Hutcheon, P. Walden (TRIUMF), T. Masterson (Univ. of Colorado), C.F. Perdrisat (College of William and
Mary)

77. Evaporation-cooled metallic cesium target assembly for production of 123I [completed], J.W. Blue (NASA), T.A.
Hodges (Univ. of Victoria), D. Lyster, R.T. Morrison (Vancouver General Hospital), J.S. Vincent (TRIUMF),
J.B. Warren* (Univ. of British Columbia), W. Wiesehahn (Simon Fraser Univ.)

78. Importance of defects in /i+SR in metals [completed], T. Yamazaki, K. Nagamine (Univ. of Tokyo), B. Berg-
ersen, J.H. Brewer, D.G. Fleming, L.C. Vaz (Univ. of British Columbia), A.T. Stewart (Queen's Univ.)

79. (Experiment 'X') Low energy r production as a function of energy at 500 MeV and below [completed], G.A.
Beer, G.R. Mason, R.M. Pearce,* L.P. Robertson (Univ. of Victoria), D.A. Bryman, A. Olin ( TRIUMF-Univ.
of Victoria), J.-M. Poutissou, J.S. Vincent (TRIUMF), R.R. Johnson (TRIUMF-UBC), J.B. Warren* (Univ.
of British Columbia), P.W. James (Atomic Energy of Canada)

30. Measurement of pionic X-ray energies, widths and intensities [completed], G.A. Beer, G.R. Mason, R.M.
Pearce,* L.P. Robertson, (Univ. of Victoria), D.A. Bryman, A. Olin (TRIUMF-Univ. of Victoria), J.A. Mac-
donald (TRIUMF), M. Dixit (National Research Council), W.C. Sperry (Central Washington Univ.)

83. Bound muon decay in nuclei [completed], J.H. Brewer, M.D. Hasinoff, T. Suzuki (Univ. of British Columbia),
J. Alster (Tel-Aviv Univ.), K. Nagamine (Univ. of Tokyo), J.-M. Poutissou (TRIUMF)

84. The (ir*,^) reaction on light nuclei [deferred], R.R. Johnson (TRIUMF-UBC), K.L. Erdman, H.R. Johnston
(Univ. of British Columbia), T. Masterson (Univ. of Colorado), V.G. Lind, R.E. McAdams, O.H. Otteson (Utah
State Univ.), J.S. Vincent (TRIUMF)

86. Elastic and inelastic scattering of polarized protons from calcium and lead [completed], D.A. Hutcheon, C.A.
Miller (TRIUMF), P. Kitching (TRIUMF-Univ. of Alberta), R. Liljestrand, W.J. McDonald, G.C. Neilson, H.
Sherif, G.M. Stinson (Univ. of Alberta), J.S. Blair (Univ. of Washington), D.K. McDaniels (Univ. of Oregon)

87. Proton radiography studies at TRIUMF [completed], E.W. Blackmore, G.H. Mackenzie (TRIUMF), D.A. Bry-
man (TRIUMF-Univ. of Victoria)

88. Systematic studies of total muon capture rates [completed], R. Hayano, K. Nagamine, T. Yamazaki (Univ.
of Tokyo), J.H. Brewer, F. Entezami, D.F. Measday, S. Stanislaus (Univ. of British Columbia), D. Garner,
(TRIUMF)

89. u fission [completed], S.N. Kaplan (Lawrence Berkeley Laboratory), S. Ahmad, G.A. Beer, G.R. Mason, R.M.
Pearce,* (Univ. of Victoria), A. Olin (TRIUMF-Univ. of Victoria), O. Hausser (TRIUMF-SFU), J.A. Mac-
donald (TRIUMF), A. Mireshghi (Univ. of California)

91. Muonium in semiconductors [completed], J.H. Brewer, D.G. Fleming (Univ. of British Columbia), K.M. Crowe,
S.S. Rosenblum (Lawrence Berkeley Lab), K. Nagamine (Univ. of Tokyo)

93. Production of radioisotopes at medium energies for pure and applied research [completed], L. Moritz, J.S.
Vincent (TRIUMF), B.D. Pate, L. Patrick (Univ. of British Columbia), C.H.W. Jones (Simon Fraser UntvJ,
D. Lyster, W. Rowe (Vancouver General Hospital)

97. Rare electromagnetic decays of pionic atoms [completed], M.D. Hasinoff, E. Mazzucato, D.F. Measday (Univ. of
British Columbia), J.-M. Poutissou, M. Salomon (TRIUMF), P. Depommier, R. Poutissou (Univ. de Montreal),
B. Bassalleck (Univ. of New Mexico), T. Marks (Los Alamos National Lab)

99. Studies of (p,d) reactions in nuclei [completed], A.N. Anderson, J.M. Cameron, W.J. McDonald, G.C. Neilson,
W.C. Olsen, G. Roy (Univ. of Alberta), W.K. Dawson, P. Kitching (TRIUMF-Univ. of Alberta), D.A. Hutcheon,
C.A. Miller, J.G. Rogers (TRIUMF), 3. Kallne (JET Joint Undertaking), B.K.S. Koene, W.T.H. van Oers
(Univ. of Manitoba), J.I. Kraushaar, E. Rost, J.R. Shepard (Univ. of Colorado), D.K. McDaniels (Univ. of
Oregon), B.T. Murdoch (Schhmberger Well Systems), A. Olin (TRIUMF-Univ. of Victoria), A.W. Stetz, L.W.
Swenson (Univ. of Oregon)

101. Investigation of (ir,2jr) reaction [letter of intent], E.G. Auld, G. Jones (Univ. of British Columbia), R.R.
Johnson (TRIUMF-UBC), P. Walden (TRIUMF)

102. Absolute cross sections of 12C(T±, IT, N ) n C reactions at low energy [completed], R.G. Korteling (Simon Fraser
Univ.), G.E. Butler, B.J. Dropesky, R.E.L. Green, C.J. Orth, R.A. Williams (Los Alamos National Lab), R.M.
Henkelman (Univ. of Toronto)
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103. Search for target spin dependence in proton elastic scattering [completed], D.P. Gurd, G.A. Moss, G. Roy, H.
Sherif, G.M. Stinson (Univ. of Alberta)

104. The time projection chamber - A new facility for the study of decays of muons and pions [completed],
D.A. Bryman (TRIUMF-Univ. of Victoria), M. Dixit, C.K. Hargrove, R. McKee, H. Mes (National Research
Council), G. Azuelos, A. Bennett, J.A. Macdonald, T. Numao, J.-M. Poutissou, J.E. Spuller (TRIUMF) L.P.
Robertson, (Univ. of Victoria), M.D. HasinofT (Univ. of British Columbia), P. Depommier, J.P. Martin, R.
Poutissou, Y. Sirois (Univ. de Montreal), H.L. Anderson* (Los Alamos National Lab), A.L. Carter, C. Irwin,
D. Kessler, J. Stapeldon (Carleton Univ.), C.S. Wright (Univ. of Chicago)

105. Backward inclusive scattering [completed], G. Roy, G.A. Moss (Univ. of Alberta), J.L. Beveridge, D.A. Hutcheon,
R.M. Woloshyn (TRIUMF)

108. Meson cascade studies [deferred], G.A. Beer, G.R. Mason (Univ. of Victoria), A. Olin (TRIUMF-Univ. of
Victoria), M. Dixit (National Research Council), S.N. Kaplan, C. Wiegand (Lawrence Berkeley Lab), J.A.
Macdonald (TRIUMF), W.C. Sperrry (Central Washington Univ.)

110. Microdosimetry of JT~ beam at TRIUMF [completed], A. Ito, H. Koyama (Univ. of Tokyo)

111. Study of the absorption of ir~ at rest in 4He, 9Be, 12C, 14N and : 6O [completed], C. Cernigoi, N. Grion,
G. Pauli, R. Rui (Univ. de Trieste and INFN), R. Cherubini (Lab Nazionali di Legnaro INFN and Univ. di
Padova), D. Gill (TRIUMF), W. Gyles (Univ. of British Columbia)

113. A proposal for 3He(p,p)3He at backward angles [completed], J.M. Cameron, G.A. Moss (Univ. of Alberta),
B.S. Bhakar, B.K.S. Koene, YV.T.H, van Oers (Univ. of Manitoba), M.B. Epstein, D.J. Margaziotis (California
State Univ. LA), R. Abegg, L.G. Greeniaus, D.A. Hutcheon, C.A. Miller (TRIUMF), J. Kailne (JET Joint
Undertaking), B.T. Murdoch (Schlumberger Well Systems), A.W. Stetz (Oregon State Univ.)

114. The (p,2p) reaction on 4He and 3He [completed], B.K.S. Koene, VV.T.H. van Oers (Univ. of Manitoba),
M.B. Epstein, D.J. Margaziotis (California State Univ.), G.A. Moss (Univ. of Alberta), L.G. Greeniaus, J.G.
Rogers (TRIUMF), B.T. Murdoch (Schlumberger Well Systems)

115. Neutral pion prodution from 208Bi at intermediate proton energies [completed], J.M. D'Auria, D.H. Boal (Simon
Fraser Univ.), T. Ward (Indiana Univ.), A. Yavin (Tel-Aviv Univ.)

117. Single particle inclusive spectra of light fragments over their entire energy range [completed], R.G. Korteling
(Simon Fraser Univ.), R.E.L. Green (Los Alamos National Lab), K.P. Jackson (TRIUMF)

119. Small angle scattering of thermal neutrons for the study of magnetism and liquid crystals [completed], A.S. Arrott,
J.F. Cochran, S.D. Hanham, B. Heinrich, M.J. Press (Simon Fraser Univ.), B.D. Patterson (Univ. Zurich)

120. A study of the production and decay of n B e with intermediate-energy protons [completed], K.P. Jackson
(TRIUMF-SFU), J.M. D'Auria, W.J. Wiesehahn (Simon Fraser Univ.)

121. Test of charge symmetry in n-p scattering [completed], G.R. Plattner (Basel Univ.), J. Biichall, N.E. Davison,
YV.T.H. van Oers (Univ. of Manitoba), D.A. Axen (Univ. of British Columbia), J.L. Beveridge, C.A. Miller,
J.G. Rogers (TRIUMF), W.J. McDonald, G.A. Moss, G. Roy, G.M. Slinson (Unit, of Alberta), L.P. Robertson
(Univ. of Victoria), H.E. Conzett (Lawrence Berkeley Lab), S. Mango (SIN)

122. A /iSR investigation of dipolar fields in cobalt [completed], A.S. Arrott (Simon Fraser Univ.), B.D. Patterson
(Univ. Zurich)

123. Observation of e+ channeling from stopped /i+ in a crystalline host [completed], A.S. Arrott (Simon Fraser
Univ.), B.D. Patterson (Univ. Zurich)

124. Excitation of giant multipole resonances by intermediate-energy protons [completed], F.E. Bertrand, E. Gross,
D.J. Horen, T. Sjoreen (Oak Ridge National Lab), L. Lisantti, D.K. McDaniels, J. Tinsley (Univ. of Oregon),
L.W. Swenson (Oregon State Univ.)

126. Measurement of the line shape of pionic X-rays [deferred], A. Olin (TRIUMF-Univ. of Victoria), G.A. Beer,
G.R. Mason, R.M. Pearce* (Univ. of Victoria), M. Dixit (NationalResearch Council), J.A. Macdonald (TRIUMF)

127. Measurement of the strong interaction shift in pionic deuterium [completed], G.A. Beer, G.R. Mason, R.M.
Pearce* (Univ. of Victoria), A. Olin (TRIUMF-Univ. of Victoria), M. Dixit (National Research Council),
E. Klempt (Univ. Mainz), J.A. Macdonald (TRIUMF), C. Wiegand (Lawrence Berkeley Lab), A.W. Thomas
(Univ. of Adelaide)

128. Variation of muonic X-ray intensities with atomic number [completed], G.A. Beer, G.R. Mason (Univ. of Victo-
ria), A. Olin (TRIUMF-Univ. of Victoria), M. Dixit (National Research Council), J.A. Macdonald (TRIUMF),
W.C. Sperry (Central Washington Univ.), C. Wiegand (Lawrence Berkeley Lab)

226



129. Quasielastic pion scattering at resonance energies for light 7=0 nuclei [deferred], R.R. Johnson (TRIUMF-
UBC), B. Barnett, K.L. Erdman, B. Gyles (Univ. of British Columbia), G. Azuelos, D. Gill, E.W. Vogt, P.
Walden (TRIUMF), D. Ashery, A. Errell, A. Yavin (Tel-Aviv Univ.), B. Bassalleck (Univ. of New Mexico), T.
Masterson (Univ. of Colorado), A.W. Thomas (Univ. of Adelaide)

130. The energy dependence of the polarization parameter in proton-proton scattering [completed], D.A. Axen,
E.G. Auld (Univ. of British Columbia), D.V. Bugg, J.A. Edgington, W.R. Gibson (Univ. of London, QMC),
A.S. Clough (Univ. of Surrey), N.M. Stewart (Univ. of London, Bedford College), M. Comyn, G. Ludgate
(TRIUMF), J.R. Richardson (UCLA), L.P. Robertson (Univ. of Victoria)

131. A study of (p, 7) reactions on 3H and 6Li at intermediate energies [completed], J.M. Cameron, W. J. McDonald,
G.M. Stinson, I.J. Van Heerden (Univ. of Alberta), P. Kitching (TRIUMF-Univ. of Alberta), A.W. Stetz, L.W.
Swenson (Oregon State Univ.), D.A. Hutcheon, C.A. Miller, H.W. Fearing (TRIUMF)

132. Differential cross section of the reaction pp —» d*+ between lab proton energies of 325 to 500 MeV [completed],
P.L. Walden (TRIUMF), E.G. Auld, G. Jones (Univ. of British Columbia), R.R. Johnson (TR1UMF-UBC)

134. Measurement of the eta parameter in muon decay [completed], J.A. Bistirlich, K.M. Crowe, C.J. Martoff, J.M.
Miller, W.A. Zajc (Lawrence Berkeley Lab), CM. Clawson (Univ. of California, Berkeley), J.H. Brewer (Univ.
of British Columbia)

137. Lifetime of the positive muon [completed], W. Dey, M. Eckhause, K. Giovanetti, R. Hartmann, R.D. Hart,
D.W. Hertzog, J.R. Kane, W.A. Orance, W.C. Phillips, R.T. Siegel, W.F. Vulcan, R.E. Welsh, R.G. Winter
(College of William and Mary)

138. Surface muon studies of germanium [completed], K.M. Crowe, S.S. Rosenblum (Lawrence Berkeley Lab), CM.
Clawson (Univ. of California, Berkeley), J.H. Brewer (Univ. of British Columbia)

139. Macroscopic diffusion of positive muons in aluminum [completed], K.M. Crowe, S.S. Rosenblum (Lawrence
Berkeley Lab), CM. Clawson (Univ. of California, Berkeley), J.H. Brewer (Univ. of British Columbia)

140. Transfer effects for slopping r~ in H2-D2 mixtures [completed], M.D. Hasinoff, D.F. Measday (Univ. of British
Columbia), J.-M. Poutissou, M. Salomon (TRIUMF), V. Highland (Temple UnivT)

141. Muonic hydrogen at STP - A feasibility study [deferred], J.H. Brewer (Univ. of British Columbia), C. Oram
(TRIUMF)

142. A study of the single scattering mechanism for non-evaporative fragment emission [completed], D.H. Boal,
R.G. Korteling (Simon Fraser Univ.), K.P. Jackson (TRIUMF), R.E.L. Green (Los Alamos National Lab)

143. A study by recoil detection of proton-induced reaction on 9Be [completed], K.P. Jackson (TRIUMF), D.H.
Boal, J.M. D'Auria, R.G. Korteling (Simon Fraser Univ.), R.E.L. Green (Los Alamos National Lab)

144. Studies of (p, d) reaction in nuclei [completed], J.M. Cameron, R. Liljestrand, W.J. McDonald, G.C. Neilson,
W.C. Olsen, D.M. Sheppard,* G.M. Stinson (Univ. of Alberta), P. Kitching (TRIUMF-Univ. of Alberta),
J.J. Kraushaar, J.R. Shepard (Univ. of Colorado), D.A. Hutcheon, C.A. Miller, J.G. Rogers (TRIUMF), C.
Stronach (Virginia State Univ.), D.K. McDaniels, J. Tinsley (Univ. of Oregon)

145. The neutron and gamma-ray correlation in the negative pion capture in 165Ho and 18ITa [completed], Y.K. Lee,
R. Levin, L. Madansky (Johns Hopkins Univ.)

147. The formation and reactivity of muonium in the gas phase [completed], J.H. Brewer, D.G. Fleming, R.J. Mikula,
D.P. Spencer, J.B. Warren* (Univ. of British Columbia), D.M. Garner, R. Kiefl (TRIUMF)

149. uSR studies of phase transition [completed], M. Doyama, R. Nakai, R. Yamamoto, T. Yamazaki (Univ. of
Tokyo), J.H. Brewer, H. Schilling, D.LI. Williams (Univ. of British Columbia)

150. Utilization of backward muons to study muonium reaction intermediates [completed], J.A. Bartlett, J.C.
Brodovitch, S.K. Leung, K.E. Newman, P.W. Percival [Simon Fraser Univ.), D.G. Fleming, D.C. Walker (Univ.
of British Columbia)

151. Interaction of muons with fissile nuclides II [completed], A. Olin (TRIUMF-Univ. of Victoria), S. Ahmad,
G.A. Beer, R.M. Pearce* (Univ. of Victoria), J.C. Brown (Lawrence Livermore National Lab), S.N. Kaplan
(Lawrence Berkeley Lab), O. Hausser (TRIUMF-SFU), J.A. Macdonald (TRIUMF)

152. Measurement of the spin rotation parameter R in p-'He elastic scattering [completed], G.A. Moss, G. Roy, J.
Uegaki (Univ. of Alberta), R. Abegg, L.G. Greeniaus, D.A. Hutcheon, C.A. Miller (TRIUMF), C.A. Davis,
W.T.H. van Oers (Univ. of Mantoba), J.M. Greben (CSIR/NRMIS, Pretoria)

153. Elastic scattering of protons from 3He [completed], W.T.H. van Oers, D.K. Hasell (Univ. of Manitoba), J.M.
Cameron, G.A. Moss (Univ. of Alberta), R. Abegg, L.G. Greeniaus, C.A. Miller (TRIUMF), M.B. Epstein,
D.J. Margaziotis (California State Univ. LA), H. Postma (Technical Univ. Delft), A.W. Stetz (Oregon State
Univ.)
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154. Muonium in solids [completed], J.H. Brewer, D.G. Fleming, H. Schilling, D.P. Spencer, D.LI. Williams (Univ. of
British Columbia), K.M. Crowe, S.S. Rosenblum (Lawrence Berkeley Lab), CM. Clawson (Univ. of California,
Berkeky), T. Yamazaki (Univ. of Tokyo), R. Kiefl (TRIUMF), Y.J. Uemura (Columbia Univ.)

155. Study of deep hole states in 40Ca with (p, 2p) reaction [completed], P. Hitching (TRIUMF-Univ. of Alberta),
P.W. Green, W.J. McDonald, K. Michaelian, W.C. Olsen, D.M. Sheppard,* J. Soukup, G.M. Stinson, I.J. van
Heerden (Univ. of Alberta), D.A. Hutcheon, C.A. Miller (TRWMF), A.N. James (Univ. of Liverpool)

156. Deuteron production in proton-nucleus collisions [completed], J.M. Cameron, R. Liljestrand, W.J. McDonald,
W.C. Oisen, (Univ. of Alberta), P. Hitching (TRJUMF-Umv. of Alberta), J~Kallne (JET Joint Undertaking),
C.F. Perdrisat (College of William and Mary)

157. The chemistry of muonium atoms in condensed media [completed], J.H. Brewer, D.G. Fleming, R. Rist,
D.C. Walker (Univ. of British Columbia), D. Garner (TRWMF), Y.C. Jean (Univ. of Missouri-Kansas City),
Y. Ito (Univ. of Tokyo), P.W. Percival (Simon Fraser Univ.)

158. Study of the reactions p2H — dr+n and p3He -> tx+p [completed], J.M. Cameron, W.J. McDonald, W.C.
Olsen, H. Wilson (Univ. of Alberta), I. van Heerden (Univ. of Alberta and Suni), P. Hitching (TRIUMF-Univ.
of Alberta), C.F. Perdrisat (College of William and Mary), H.W. Fearing, C.A. Miller (TRIUMF), J. Kallne
(JET Joint Undertaking)

159. pp and pd interactions at threshold [completed], E.G. Auld, D.A. Axen, K.L. Erdman, J.B. Warren,* B.L. White
(Univ. of British Columbia), M. Comyn (TRIUMF), G.A. Beer (Univ. of Victoria), W. Dahrne (Univ. Munich),
U. Gastaldi, G. Graff, H. Halinowsky, E. Kayser, E. Klempt, R. Landau, R. Schulze, R.W. Wodrich, (Univ.
Mainz), C.J. Martoff (Lawrence Berkeley Lab), C. Sabev (Univ. of Geneva), P. Truol (Univ. Zurich)

160. Studies of some ternary magnetic superconductors with muons [completed], C.Y. Huang (Los Alamos National
Lab), J.H. Brewer, H. Schilling (Univ. of British Columbia), C.W. Clawson (Univ. of California, Berkeley),
K.M. Crowe, S.E. Kohn, S.S. Rosenblum (Lawrence Berkeley Lab), A. Schenck (SIN)

161. Studies of spin dynamics of some amorphous spii! glasses wilh muons [completed], C.Y. Huang (Los Alamos
National Lab), J.H. Brewer, H. Schilling (Univ. of British Columbia), C.W. Clawson (Univ. of California
Berkeley), K.M. Crowe, S.E. Kohn, S.S. Rosenblum (Lawrence Berkeley Lab), A. Schenck (SIN)

162. Survey of X-ray production of high-energy protons [completed], D.C. Gregory, B.M. Johnson, K.W. Jones
(Brookhaven National Lab), G.J. Basbas (Physical Review Letters), J.T. Sample (Research Secretariat of B.C.)

164. Measurement of the l/E dependence in 7Li(p, n)7Be reactions [completed], J.M. D'Auria, M. Dombsky (Simon
Fraser Univ.), T.W. Ward (Indiana Univ.), T. Ruth (TRIUMF)

165. Cross sections and analysing power measurements of giant resonances for incident 200-500 MeV [completed],
J. Lisantti, D.K. McDaniels, J. Tinsley (Univ. of Oregon), F.E. Bertrand, E.E. Gross, T. Sjoreen (Oak Ridge
National Lab), D. Drake (Los Alamos National Lab), L.W. Swenson (Oregon State Univ.), I. Bergqvist (Univ.
of Lund)

166. Neutron-nuclear structure with pion [completed], R.R. Johnson (TRIUMF-UBC), B. Barnett, K.L. Erdman,
W. Gy)es (Untv. of British Columbia), E.W. Blackmore, D.R. Gill (TRWMF), E.L. Mathie (Univ. of Regina),
D. Ashery (Tel-Aviv Univ.), N. Grion (INFN and Univ. di Trieste), J.J. Kraushaar, T. Masterson (Univ. of
Colorado), C.A. Wiedner (Max Planck Institut), S.A. Martin (KfA Jiilich)

168. 2S muonium production from thin foils [completed], R. Kiefl, C.J. Oram (TRIUMF), J.H. Brewer, A. Fry, J.B.
Warren,* (Univ. of British Columbia), G.M. Marshall (Univ. of Victoria)

169. Proton elastic scattering from 16O [completed], D.A. Hutcheon, C.A. Miller (TRIUMF), P. Hitching (TRIUMF-
Univ. of Alberta), J.M. Cameron, R. Liljestrand, G.C. Neilson, W.C. Olsen, D.M. Sheppard,* H. Sherif, G.M.
Stinson, H. Wilson (Univ. of Alberta), P. Schwandt (Indiana Univ.), D.K. McDaniels, J. Tinsley (Univ. of
Oregon), W.T.H. van Oers (Univ. of Manitoba)

170. Fission-evaporation competition in heavy nuclei at intermediate energies [completed], P. Hitching (TRIUMF-
Univ. of Alberta), H. Fielding, S.T. Lam, G.C. Neilson, W.C. Olsen, J. Uegaki (Univ. of Alberta), A. Breskin,
Z. Fraenkel (Weizmann Institute), R. Abegg, D.A. Hutcheon (TRIUMF)

171. Test of T-invariance in pp scattering [completed], R. Abegg, L.G. Greeniaus, D.A. Hutcheon, C.A. Miller
(TRIUMF), J.M. Cameron, D.P. Gurd, R. Liljestrand, G.A. Moss, G. Roy, H. Wilson (Univ. of Alberta)

173. Measurement of pionic 4-3 X-ray transitions in heavy nuclei [completed], A. Olin (TRIUMF-Univ. of Victoria),
G.A. Beer, G.R. Mason (Univ. of Victoria), P.R. Poffenberger (Univ. of Manitoba), J.A. Macdonald, T. Numao
(TRIUMF), B. Olaniyi (Univ. of Ife)
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174. Spin dependence of the pp —• pnir+ reaction [completed], D.A. Axen, C. Waltham (Univ. of British Columbia),
D.V. Bugg, J.A. Edgington (Univ. of London, QMC), N.M. Stewart (Univ. of London, Bedford College), M.
Comyn, G. Ludgate (TRIUMF), J.R. Richardson (UCLA), L.P. Robertson (Univ. of Victoria), R. Dubois
(SLA C)

175. An investigation of inclusive one-pion prodution in proton nucleus collisions [completed], K.D. Bol, M.R. Clover,
R.M. DeVries, N.J. Digiacomo, J. Kapustinsk;, J.C. Peng, W.E. Sondheim, J.W. Sunier (Los Alamos National
Tab)

177. Proton radius determinations for C, N and O [completed], R.R. Johnson (TR1UMF-UBC), B. Barnett, K.L.
Erdman, W. Gyles (Univ. of British Columbia), E.W. Blackmore, D.R. Gill (TRIUMF), G. Lolos (Univ. of
Regina), J. Alster (Tel-Aviv Univ.), N. Grion (INFN and Univ. di Trieste), J.J. Kraushaar, T. Masterson (Univ.
of Colorado)

178. Nuclear radius studies in the Ca region [completed], R.R. Johnson (TRIUMF-UBC), B. Barnett, K.L. Erdman,
W. Gyles, (Univ. of British Columbia), E.W. Blackmore, D.R. Gill (TMUMF), G. Lolos (Univ. of Regina), N.
Grion (INFN and Univ. di Trieste), J.J. Kraushaar, T. Masterson (Univ. of Colorado), S. Martin (KfA Julich),
C. Weidner (Max-Planch Institut)

182. Measurement of the n-p spin correlation parameter Ann [completed], J. BirchaU, C.A. Davis, N.E. Davison,
W.P. Lee, W.T.H. van Oers (Univ. of Manitoba), P.W. Green, W.J. McDonald, G.A. Moss, G. Roy, G.M.
Stinson (Univ. of Alberta), R. Abegg, L.G. Greeniaus, C.A. Miller (TRIUMF)

184. Investigation of the p+2H —»3H + sr* reaction from 275 to 450 MeV using polarized protons [completed],
E.G. Auld, G. Giles, G. Jones, W. Ziegler (Univ. of British Columbia), P. Walden (TRIUMF)

185. Precise measurement of the polarization parameter (: A search for the effects of a right-handed gauge boson in
li+ decay [completed], J. Carr, G. Gidal, A. Jodidio, K. Shinsky, H.M. Steiner, D. Stoker, M. Strovink, R.D.
Tripp (Univ. of California-LBL), C. Oram (TRIUMF), B. Gobbi (Northwestern Univ.)

186. Measurement of collision-induced de-excitation rates of the 2S state of muonic helium [completed], M. Eckhause,
K. Giovanetti, D. Hertzog, D. Joyce, J. Kane, W. PhUlips, R. Siegel, W. Vulcan, R. Welsh, R. Whyley, R.G.
Winter (College of William and Mary)

187. Pion production from 1CB and I 6O bombarded with polarized protons [completed], E.G. Auld, G. Giles, G.
Jones, B. McParland. W. Ziegler, (Univ. of British Columbia), G. Lolos (Univ. of Regina), W. Falk (Univ. of
Manitoba), P. Walden (TRIUMF)

189. Radiochemical study of OT(E) for 209Bi(p, T~in)2J0~ : tAt reactions from threshold to ~0.8 GeV [completed],
J.M. D'Auria, M. Dombsky (Simon Fraser Univ.), i. Clark (LAMPF), T. Ward (Indiana Univ.), A. Yavin
(Tel-Aviv Univ.)

190. Radiative polarized neutron capture on protons [completed], J.M. Cameron, W.J. McDonald, J. Soukup, J.
Uegaki (Univ. of Alberta), P. Kitching (TRIUMF-Univ. of Alberta), R. Abegg, D.A. Hutcheon, C.A. Miller
(TRIUMF), I.J. Van Heerden (Southern Nuclear Inst.), A.W. Stetz (Oregon State Univ.), Y.M. Shin (Univ. of
Saskatchewan)

191. Muons and muonium on surfaces [completed], J.H. Brewer, D. Harshman, J.B. Warren* (Univ. of British
Columbia), C.J. Oram (TRIUMF), K.M. Crowe (Lawrence Berkeley Lab), G. Dash (Univ. of Washington),
W.S. Glausinger, R.F. Marzke (Arizona State Univ.)

192. Measurement of the pion production asymmetries from the reaction pp —<• dir+ with a polarized proton beam
between energies of 400 and 520 MeV [completed], D. Ottewell, P. Walden (TRIUMF), W. Falk (Univ. of
Manitoba), G. Giles, G. Jones, W. Ziegler (Univ. of British Columbia), G. Lolos (Univ. of Regina)

194. The pd -» <JT+ reaction at 330, 470 and 500 MeV [completed], R. Abegg, L.G. Greeniaus, D.A. Hutcheon,
C.A. Miller (TRIUMF), J.M. Cameron, W.J. McDonald, G.A. Moss, W.C. Olsen, G. Roy, J. Uegaki (Univ. of
Alberta), C.A. Davis (Univ. of Manitoba)

195. 24Mg(p,p')24Mg*--12C+12C [completed], R. Abegg, L.G. Greeniaus, D.A. Hutcheon, C.A. Miller (TRIUMF),
J.M. Cameron, W.K. Dawson, C.A. Moss, G. Roy, H. Sherif, J. Uegaki, H. Wilson (Univ. of Alberta), C.A.
Davis (Univ. of Manitoba)

196. Measurement of pionic X-rays in 23Na, S4Mg and 27A1 [completed], A. Olin (TRIUMF-Univ. of Victoria), J.A.
Macdonald, T. Numao (TRIUMF), G.A. Beer, G.R. Mason (Univ. of Victoria), B. Olaniyi (Univ. of Ife), P.R.
Poffenberger (Univ. of Manitoba)

197. A precise measurement of the Lamb shift in muonium in the 2S state [letter of intent], J.H. Brewer, A. Fry,
J.B. Warren* (Univ. of British Columbia), R. Kiefl, C. Oram (TRIUMF)
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198. n-p total cross section in pure spin states [letter of intent], D.A. Axen, F. Entezami, C. Waltham (Univ.
of British Columbia), J.A. Edgington (Univ. of London, QMC), M. Cornyn, G. Ludgate (TRWMF), L.P.
Robertson (Univ. of Victoria)

199. A study of low energy pion absorption in 3He [completed], J. Alster, A. Altman, D. Ashery, L. Lichtenstadt,
MA. Moinester (Tel-Aviv Univ.), R.R. Johnson (TR1UMF-UBC), B. Barnett, W. Gyles, H. Roser, R. Tacik
(Univ. of British Columbia), D.A. Gill, J.S. Vincent (TRIUMF), K. Aniol (California State Univ. LA), S.
Levenson (Northwestern Univ.)

202. Nuclear radii measurements in the A ~ 20 region [completed], T.E. Drake, R. Sobie (Univ. of Toronto),
A. Altman, MA. Moinester (Tel-Aviv Univ.), B. Barnett, J. Coopersmitb, K.L. Erdman, W. Gyles, R. Tacik
(Univ. of British Columbia), R.R. Johnson (TRIUMF-UBC), G.A. Beer (Univ. of Victoria), E.W. Blackmore,
D. Gill (TRIUMF), A. Olin (TRIUMF-Umv. of Victoria), S. Martin (KfA Julich), C. Wiedner (Max Planck
Institut)

203. Inelastic pion scattering on neon isotopes [completed], T.E. Drake, R. Sobie (Univ. of Toronto), A. Altman,
MA. Moinester (Tel-Aviv Univ.), B. Barnett, J. Coopersmith, K.L. Erdman, W. Gyles, R. Tacik (Univ. of
British Columbia), R.R. Johnson (TRIUMF- UBC). E.W. Blackmore, D. Gill (TRIUMF), S. Martin (KfA
Ju'ltch), C. Wiedner (Max-Planck-Institut), B.H. Wildenthal (Michigan Slate Univ.)

204. Strong interaction shift and width in pionic 22Ne atoms [completed], G.A. Beer, G.R. Mason (Univ. of Victoria),
A. Olin (TRIUMF-Univ. of Victoria), T.E. Drake, R. Sobie, (Univ. of Toronto), B. Olaniyi (Univ. of Ife)

205. Tensor analysing power in pion deuterium scattering [complete], L. Dallin, K. Itoh, Y.M. Shin (Univ. of
Saskatchewan), B. Barnetl, K.L. Erdman, W. Gyles, R. Tacik (Univ. of British Columbia), R.R. Johnson
(TRIUMF UBC), E.W. Blackmore, DR. Gill, G.D. Wait (TRIUMF), G. Lolos (Univ. of Regina), K. Aniol
(California State Univ. LA), T.E. Drake (Univ. of Toronto), S. Martin (KfA Julich)

206. A study of (p,n) and related reactions [completed], D.H. Boa], J.M. D'Auria, R.G. Korteling (Simon Fraser
Univ.), K.P. Jackson (TRIUMF), R. Helmer (Univ. of Western Ontario), R.E.L. Green (Los Alamos National
Lab)

207. 18Ca(p,p')48Ca(l+) [completed], R. Abegg, D.R. Gill, C.A. Miller (TRIUMF), J.M. Cameron (Univ. of Al-
berta), P. Hitching (TRIUMF-Univ. of Alberta), C.A. Davis (Univ. of Manitoba), 3. Coopersmith, (Univ. of
British Columbia), R.R. Johnson (TRIUMF-UBC), G. Berg, S. Martin (KfA Julich), J. Lisantti (Univ. of
Oregon), M.A. Moinester (Tel-Aviv Univ.), R. Santo (Miinster Univ.)

208. Proton-proton bremsstrahlung [completed], P. Hitching (TRIUMF-Univ. of Alberta), P.W. Green, M. Hugi,
M. Michaelian, G.C. Neilson, W.C. Olsen, D.M. Sheppard,* J. Soukup, J. Uegaki, J. Wesick (Univ. of Alberta),
R. Abegg, H.W. Fearing, L.G. Greeniaus, D.A. Hutcheon, C.A. Miller (TRIUMF), N. Stevenson (Univ. of
Saskatchewan)

211. The neutron and gamma-ray correlation in the it~ and fi~ captures in medium-heavy nuclei [completed],
T.J. Mailman, Y.K. Lee, R. Levin, L. Madansky, E. Mclntyre (Johns Hopkins Univ.), G.R. Mason (Univ. of
Victoria), K.S. Hang (Neung Univ.), B. Olaniyi (Univ. of Ife)

212. In search of a tredecabaryon resonance [completed], R. Abegg, K.P. Jackson, C.A. Miller (TRWMF), D.H.
Boal, J.M. D'Auria, R.G. Korteling (Simon Fraser Univ.), R.E.L. Green (Los Alamos National Lab), R. Helmer
(Univ. of Western Ontario)

213. Absorption at rest of ir~ in 4He and 6Li [completed], C. Cernigoi, N. Grion, G. Pauli, R. Rui (INFN and Univ.
di Trieste), R. Cherubini (National Lab of Legnaro-Univ. di Padova), D.R. Gill (TRIUMF), W. Gyles (Univ.
of British Columbia)

215. Inclusive (p,p) spectra [completed data taking], R.E. Segel, A. Hassan, S.M. Levenson (Northwestern Univ.), P.
Gumplinger. A.W. Stetz, L.W. Swenson (Oregon State Univ.), K.P. Jackson (TRIUMF), P.P. Singh (Indiana
Univ.), J. Tinsley (Univ. of Oregon)

216. Investigation of spin-flip resonances and energy dependencies of components of the Love-Franey interaction
[completed], F.E. Bertrand, E.E. Gross, D.J. Hoten, T.P. Sjoreen (Oak Ridge National Lab), J. Lisantti, D.K.
McDaniels, J. Tinsley (Univ. of Oregon), L.W. Swenson (Oregon State Univ.)

217. Low-energy, electromagnetic pion form factors [completed], J.-M. Poutissou (TRIUMF), P.
Gumplinger, D. lla, A.W. Stetz (Oregon State Univ.), M.D. Hasinoff (Univ. of British Columbia), T. Mulera,
V. Perez-Mendez, A. Sagle (Lawrence Berkeley Lab)

218. Pion production from 12C and 10B with polarized protons of 350 MeV [completed], G. Lolos (Univ. of Regina),
R.R. Johnson (TRIUMF-UBC), G. Giles, G. Jones, B. McParland (Univ. of British Columbia), D. Ottewell,
P. Walden (TRIUMF), R.D. Bent (IUCF), W. Falk (Univ. of Manitoba)
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219. The chemistry of pionic hydrogen atoms [completed], D. Horvath (Central Research Inst. for Physics, Bu-
dapest), D.F. Measday, S. Stanislaus (Univ. of British Columbia), M. Salomon (TRWMF), K- Aniol (California
State Univ. LA)

220. Temperature dependence of the spin exchange cross sections between muonium and alkali metal [completed],
D.J. Arseneau, D.G. Fleming, M. Senba (Univ. of British Columbia), D.M. Garner (TRWMF)

221. Search for evidence of a delta-nucleus intermediate state in proton elastic scattering [completed data taking],
C.A. Davis, W.P. Lee, W.T.H. van Oers (Univ. of Manitoba), H.O. Meyer (IUCF), P. Schwandt (Indiana
Univ.), K.P. Jackson (TRIUMF), H.W. Roser (Univ. of British Columbia)

223. The 2H(p, 2p) reaction and momentum distributions of the deuteron [completed], H.P. Gubler, W.P. Lee,
W.T.H. van Oers (Univ. of Manitoba), C.F. Perdrisat (College of William and Mary), J.M. Cameron (IUCF),
M.B. Epstein, D.J. Margaziotis (California State Univ.), H. Postma (Technical Univ. Delft), A.W. Stetz (Oregon
State Univ.), R. Abegg (TRIUMF)

224. Inclusive pion scattering from light nuclei [completed], K.G.R. Doss, 1. Halpern, M. Khandaker, D.W. Storm
(Univ. of Washington), J.F. Amann (Los Alamos National Lab)

225. Search for isovector properties of IBA nuclei [deferred], J. Alster, J. Lichtenstadt, M. Moinester (Tel-Aviv
Univ.), G. Azuelos, D.R. Gill (TRIUMF), R.R. Johnson (TRIUMF-UBC), B.M. Barnett, W. Gyles, H. Roser,
R. Tacik (Univ. of British Columbia), S. Martin (KfA Jiilich), R. Sobie (Univ. of Toronto), K. Aniol (California
State Univ. LA)

226. Study of neutron-proton transition amplitudes in MC using 50 MeV pions [completed], R.R. Johnson (TRIUMF-
UBC), H. Roser, R. Tacik (Univ. of British Columbia), K. Aniol (California State Univ. LA), J. Alster, J.
Lichtenstadt, M.A. Moinester (Tel-Aviv Univ.), G. Azuelos, D.R. Gill (TRWMF), S. Martin (KfA Jiilich), R.
Sobie (Univ. of Toronto), H.W. Baer (LAMPF)

227. Elastic and inelastic scattering of polarized protons from 10B [completed], P.R. Andrews, S.M. Banks, P. Lewis,
V.C. Officer, G.G. Shute, B.M. Spicer (Univ. of Melbourne), C.W. Glover (WCF)

229. Pion double charge exchange at low energy in the TPC [completed], D.A. Bryman, M.J. Leitch, I. Navon, A.
Olin, P. Schlatter (TRWMF-Univ. of Victoria), A. Burnham,* M. HasinofT (Univ. of British Columbia), G.
Azuelos, J.A. Macdonald, T. Numao, J.-M. Poutissou, J. Spuller (TRIUMF), P. Depommier, R. Poutissou
(Univ. de Montreal), M. Blecher, K. Gotow (VPI and State Univ.), M. Dixit, C.K. Hargrove, H. Mes (National
Research Council), M.A. Moinester (Tel-Aviv Univ.), H. Baer, M. Cooper (LAMPF)

230. Muonic molecule formation rates in HD gas [completed], K. Aniol (California State Univ. LA), F. Entezami,
D.F. Measday, C. Virtue (Univ. of British Columbia), D. Horvath (Central Research Inst. for Physics, Bu-
dapest), M. Salomon (TRIUMF), J. Smith (Univ. of Surrey), S.E. Jones (Idaho National Engineering Lab),
B.C. Robertson (Queen's Univ.)

231. Studies of light pionic atoms [completed], G.A. Beer, G.R. Mason, G.M. Marshall (Univ. of Victoria), A. Olin
(TRIUMF-Univ. of Victoria), J.A. Macdonald (TRIUMF), E. Klempt (Johannes Gutenberg Univ., Mainz), C.
Wiegand (Lawrence Berkeley Lab), K. Wetzel (Univ. of Portland), W.C. Sperry (Central Washington Univ.),
B.H.Olaniyi (Univ. of Ife)

232. Muon Knight shifts in metals [completed], J.H. Brewer, E. Koster, D.LI. Williams (Univ. of British Columbia)

233. Vector analysing power and spin transfer parameters for the i + d —• pp reaction [completed], E.G. Auld, P.
Couvert, G. Jones, B. McParland (Univ. of British Columbia), R.R. Johnson (TRIUMF-UBC), D. Ottewell,
P. Walden (TRWMF), G. Lolos (Univ. of Regina), W. Falk (Univ. of Manitoba)

234. Study of simple features of the A(p, n~)A + 1 reaction in the (3,3) resonance region [completed], R.D. Bent
(WCF), G.J. Lolos (Univ. of Regina), G.E. Walker (Indiana Univ.), P. Couvert, G. Giles, G. Jones, B. McPar-
land, W. Ziegler (Univ. of British Columbia), J. Iqbal, P. Walden (TRIUMF), W.R. Falk (Univ. of Manitoba)

236. (p,p') reactions in nuclei [completed], R.E. Azuma, T.E. Drake, J.D. King, S.S.M. Wong, X. Zhu (Univ. of
Toronto), K'.P. Jackson, S. Yen (TRIUMF), A. Zaringhalan (Bell Laboratories)

237. Proton-nucleus interaction [completed], R.E. Azuma, T.E. Drake, J.D. King, S.S.M. Wong, X. Zhu (Univ. of
Toronto), S. Yen (TRIUMF)

238. Inelastic proton excitation of low-lying nuclear states for Ep = 200-500 MeV [completed], R.L. Auble, R.E.
Bertrand, E.E. Gross, D.J. Horen, G.R. Satchler, T.P. Sjoreen (Oak Ridge National Lab), D.K. McDaniels, J.
Tinsley, J. Lisantti (Univ. of Oregon), L.W. Swenson (Oregon State Univ.)

239. Muon spin relaxation studies of spin glasses and random spin systems [completed], Y.J. Uemura (Columbia
Univ.), J.H. Brewer (Univ. of British Columbia), K.M. Crowe (Lawrence Berkeley Lab), T. Yamazaki (Univ.
of Tokyo), Y. Miyako, K. Katsumata (Univ. of Hokkaido), S. Chikazawa (Muroran Inst. of Technology)
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241. Temperature dependence of reaction rate constants for muonium addition reactions in liquid phases [completed],
K.L. Cheng, R.L. Ganti, Y.C. Jean (Univ. of Misssouri-Kansas City), D.C. Walker (Univ. of British Columbia),
J.M. Stadlbauer (Hood College), B.W. Ng (Winona Slate Univ.)

242. RadiochemicaJ study of the (p, T + ) reaction on bismuth [completed data taking], J. D'Auria, M. Dombsky
(Simon Fraser Univ.), T. Ruth (TRIUMF), T. Ward (IUCF), A. Yavin (Tel-Aviv UnliT)

243. Energy and angle dependence of the 6Li(ir+,3He)3He reaction [completed], G. Huber, G.J. Lolos, S.I.H. Naqvi,
Z. Papandreou (Univ. of Regina), E.G. Auld, P. Couvert, G. Jones, B.J. McParland (Univ. of British Columbia),
R.R. Johnson (TRIUMF-UBC), D. Ottewell, P.L. Walden (TRIUMF)

244. /i+ spin relaxation in Y9C07 and ternary magnetic superconductors [completed], E. J. Ansaldo (Univ. of Saskatch-
ewan), C.Y. Huang (Los Alamos National Lab), J.H. Brewer, M. Senba (Univ. of British Columbia), K. Crowe
(Univ. of California, Berkeley), S.S. Rosenblum (Lawrence Berkeley Lab), D.R. Harsh man (AT&T Laboratories)

245. Muon spin rotation studies of unsupported and supported platinum catalysts [completed], W.S. Glausinger,
R.F. Marzke (Arizona State Univ.), E. Ansaldo (Univ. of Saskatchewan), J.H. Brewer, S. Kreitzman, D. Noakes,
M. Senba (Univ. of British Columbia), R. Keitel (TRIUMF), D.R. Harshman (AT&T Laboratories)

246. The double charge exchange reaction at T = 50 MeV on 18O using the QQD spectrometer [completed], E.W.
Blackmore, D.R. Gill (TRIUMF), R.R. Johnson (TRIUMF-UBC), K.L. Erdman, H. Roser, R. Tacik (Univ.
of British Columbia), A. Altman, M.A. Moinester (Tel-Aviv Univ.), S. Martin (KfA, Julich), C.A. Wiedner
(MPI, Heidelberg), T. Drake, R. Sobie (Univ. of Toronto), T.G. Masterson (Univ. of Colorado)

247. Precise measurement of muon decay asymmetry parameter 6 [completed], J. Carr, G. Gidal (Lawrence Berkeley
Lab), A. Jodidio, K.A. Shinsky, H.M. Steiner, D. Stoker, M. Strovink, R.D. Tripp (Univ. of California, Berkeley-
LBL), B. Gobbi (Northwestern Univ.), C.J. Oram (TRIUMF)

248. A study of the x+ — e+i/e decay [completed], J.A. Macdonald, T. Numao, J.-M. Poutisisou (TRIUMF), D.A.
Bryman, A. Olin (TRIUMF-Univ. of Victoria), M.S. Dixit (National Research Council)

249. Radiative muon capture on hydrogen with the TPC [succeeded by 452], G. Azuelos, J.A. Macdonald, T. Numao,
J.-M. Poutissou, J. Spuller (TRIUMF), G. Bavaria, P. Depommier, H. Jeremie, L. Lessard, J.P. Martin, R.
Poutissou (Univ. de Montreal), D.A. Bryman (TRIUMF-Univ. of Victoria), M. Leitch, I. Navon, P. Schlatter
(Univ. of Victoria), A. Burnham,* M.D. Hasinoff (Univ. of British Columbia), M. Blecher, K. Gotow (VPI &
State Univ.), M. Dixit, C.K. Hargrove, H. Mes (National Research Council), J. Bailey (Yale Univ.)

250. Charge-exchange coincident with X/gamma-rays in pionic phosphorus [completed data taking], J.M. Bailey
(Yale Univ.), G.A. Beer, G.R. Mason (Univ. of Victoria), D.F. Measday (Univ. of British Columbia), A. Olin
(TRIUMF-Univ. of Victoria), M. Salomon (TRIUMF), P.R. Poffenberger (Univ. of Manitoba)

251. Coincident optical and X-ray transitions in muonic helium [deferred], J.M. Bailey (Yale Univ.), C.J. Oram
(TRIUMF), G.M. Marshall (Univ. of Victoria), J.D. Silver, D.N. Stacey (Oxford Univ.)

252. Excitation of giant multipole resonances in sd-shell nuclei via medium energy proton inelastic scattering [com-
pleted], F.E. Bertrand, C.B. Fulmer, E.E. Gross, D. J. Horen, T.P. Sjoreen (Oak Ridge National Lab), 3. Lisantti,
D.K. McDaniels, J.R. Tinsley (Univ. of Oregon), L.W. Swenson (Oregon State Univ.), T.A. Carey, K. Jones,
J.B. McClelland, S. Seestrom-Morris (Los Alamos National Lab)

254. Total reaction cross sections on nuclei in the 50-80 MeV range [completed], E. Friedman (Hebrew Univ.
Jerusalem), D. Gill (TRIUMF), R.R. Johnson (TRIUMF-UBC), M. Rozon (Univ. of British Columbia), J.
Lapoinle (Univ. de Laval), A. Altman (Tel-Aviv Univ.)

255. A study of pion absorption on two nucleons, each from a different shell, through the 1 8 O ( T + , 2 / > ) 1 6 N reaction
[replaced by 328], A. Altman, D. Ashery (Tel-Aviv Univ.), R.R. Johnson (TRIUMF-UBC), H. Roser, R. Tacik
(Univ. of British Columbia), D.R. Gill, U. Wienands (TRIUMF), K. Aniol (California State Univ. LA), C.A.
Wiedner (MPI, Heidelberg), T. Drake, R. Sobie (Univ. of Toronto), N. Grion (INFN Trieste)

257. Pion radiative capture in 3He and 15N [deferred], D.F. Measday, F. Entezami, M.D. Hasinoff, S. Stanislaus
(Univ. of British Columbia), M. Salomon, J. Vincent (TRIUMF)

258. Radiative decay of the A resonance [replaced by 537], D.F. Measday, F. Entezami, S. Stanislaus (Univ. of
British Columbia), M. Salomon (TRIUMF)

260. The reaction of muonium with hydrogen peroxide in water [completed], J.A. Bartlett, J.-C. Brodovitch, S.-K.
Leung, K.E. Newman, P.W. Percival (Simon Fraser Univ.)

261. Muon spin rotation of paramagnetic solutions [completed], J.A. Bartlett, J.-C. Brodovitch, S.-K. Leung, K.E.
Newman, P.W. Perciva! (Simon Fraser Univ.)
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262. Muonium-radical formation mechanism [completed], D.C. Walker (Univ. of British Columbia), Y. Miyake (TRJ-
UMF), R. Ganti, Y.C. Jean (Univ. of Missouri-Kansas City), J.M. Stadlbauer (Hood College), Y. Katsumura
(Univ. of Tokyo), D. Livesey (Univ. of New Brunswick), R. Catterall (Univ. of Salford), B.W. Ng (Winona
State Univ.)

263. The pion-nucleus interaction [completed], T.E. Drake, R. Schubank, R.J. Sobie (Univ. of Toronto), R.R. John-
son (TRIUMF-UBC), D. Gill (TRIUMF)

264. The proton-nucleus interaction [completed], R.E. Azuma, L. Buchmann, T.E. Drake, J.D. King, L. Lee, S.S.M.
Wong, X. Zhu (Univ. of Toronto), C.A. Miller, S. Yen (TRIUMF)

265. The (p, n) reaction as a probe of isovector effective interactions at TRIUMF energies [completed], W.P. Alford,
R.L. Helmer (Univ. of Western Ontario), R.E. Azuma, D. F'rekers (Univ. of Toronto), J. D'Auria (Simon Fraser
Univ.), O. Hausser (TR1UMF-SFU), K.P. Jackson, S. Yen (TRIUMF)

266. Initial studies of the (n,p) reaction on light nuclei [completed], K.P. Jackson, S. Yen (TRIUMF), W.P. Alford,
R.L. Helmer (Univ. of Western Ontario), J.M. D'Auria (Simon Fraser Univ.), O. Hausser (TRIUMF-SFU)

267. Isovector 7> transitions in (/p) shell nuclei studies by the (n,p) reaction [deferred], O. Hausser (TRIUMF-
SFU), J. D'Auria (Simon Fraser Univ.), K.P. Jackson, C.A. Miller, S. Yen (TRIUMF), A. Altman (Tel-Aviv
Univ.), W.P. Alford, R.L.Helmer (Univ. of Western Ontario), l.S. Towner (Chalk River Nuclear Labs)

268. Enhancement of 1+ states in 208Pb (n,p): A search for the A [completed], K.P. Jackson, C.A. Milter, S. Yen
(TRIUMF), O. Hausser (TRIUMF-SFU), W.P. Alford, R.L. Helmer (Univ. of Western Ontario)

269. Inelastic pion scattering from 30Si at T* = 50 MeV [deferred], C.A. Wiedner (MPI, Heidelberg), K. Erdman, B.
Forster, R. Tacik (Univ. of British Columbia), A. Altman (Tel-Aviv Univ.), D.A. Gill, U. Wienands (TRIUMV),
T. Drake, R. Sobie (Univ. of Toronto)

270. Test of charge symmetry by a comparison of w~d —> nn with it* d —• pp [completed data taking], A.D.
Eichon, J. Engelage, G.J. Kim, A.A. Mokhtari, B.M.K. Nefkens, J.A. Wightman, H.J. Ziock (UCLA), R.R.
Johnson (TRIUMF-UBC), G. Jones (Univ. of British Columbia), A. Altman (Tel-Aviv Univ.), W.J. Briscoe,
C.J. Seftor, M.F. Taragin (George Washington Univ.), T.E. Drake (Univ. of Toronto), D.R. Gill (TRIUMF),
J.R. Richardson (TRW'fF-UCLA), P. Truol (Univ. Zurich), K. Aniol (California State Univ. LA)

271. Study of isovector giant resonances via the (n,p) reaction at 200 and 500 MeV [deferred], P.R. Andrews, S.M.
Banks, P.B. Foot, B. Lay, P. Lewis, V.C. Officer, G.G. Shute, B.M. Spicer (Univ. of Melbourne)

272. Transverse spin flip probabilities in 24Mg(p,p") and 48Ca(p,p") [completed], O. Hausser (TRIUMF-SFU),
R. Abegg, K.P. Jackson (TRIUMF), W.P. Alford (Univ. of Western Ontario), C.A. Wiedner (MPI, Heidelberg),
T.E. Drake (Univ. of Toronto), J. Lisantti, D. McDaniels, J. Tinsley (Univ. of Oregon)

273. Triplet u~p absorption in H2 gas [letter of intent], J. Bailey (Yale Univ.), G. Azuelos, C. Oram (TRIUMF), J.
Brewer, K. Erdman (Univ. of British Columbia), K. Crowe (Univ. of California, Berkeley)

274. Singlet final state interaction in the pp —> pmr+ reaction [completed], E.G. Auld, P. Couvert, G. Jones, W.
Ziegler (Univ. of British Columbia), W. Falk (Univ. of Manitoba), P. Walden (TRIUMF), G. Lolos (Univ. of
Regina)

275. Muons in, and muonium from, vanadium [completed], J. Bailey ( Yale Univ.), J. Brewer, J.B. Warren (Univ.
of British Columbia), G. Marshall (Univ. of Victoria), D. Garner, R. Kief], C. Oram (TRIUMF), A. Olin
(TRIUMF-Univ. of Victoria), D. Harshman (AT&T Laboratories)

276. Diluted magnetic semiconductors [completed], E.J. Ansaldo (Univ. of Saskatchewan), J. Bailey (Yale Univ.),
J.H. Brewer, S. Kreitzman, D. Noakes, M. Senba (Univ. of British Columbia), R. Keitel (TRIUMF), K.M.
Crowe (Univ. of California, Berkeley), J. Furdyna (Purdue Univ.), Y.J. Uemura (Brookhaven National Lab),
T.L. Estle (Rice Univ.), D. Harshman (AT&T Laboratories)

277. The branching ratio of the rare decay T° —• e+e~ [completed], M.D. Hasinoff, C. Waltham (Univ. of British
Columbia), D.A. Bryman (TRIUMF-Univ. of Victoria), E. Clifford (Univ. of Victoria), G. Azuelos, T. Numao,
J.-M. Poutissou (TRIUMF), P. Depommier, H. Jeremie, R. Poutissou (Univ. de Montreal), C.K. Hargrove, H.
Mes (National Research Council), B. Robertson (Queen's Univ.), T.A. Mulera, V. Perez-Mendez (Lawrence
Berkeley Lab), M. Blecher (Virginia Polytechnic Inst. & State Univ.), A.W. Stetz (Oregon State Univ.)

278. Inelastic scattering of 30 and 50 MeV TT+ projectiles from the 0^ state in 12C [completed], L. Buchmann,
T.E. Drake, L. Lee, R.J. Sobie (Univ. of Toronto), D.R. Gill, B. Jennings (TRIUMF), R.R. Johnson (TRIUMF-
UBC), N. de Takacsy (McGill Univ.),

279. Non-analog pion single charge exchange total cross section on 7Li at low energies [completed], BJ . Dropesky,
G.C. Giesler, R.E.L. Green, M.J. Leitch, Y. Ohkubo, C.J. Orth (LAMPF), A. Olin (TRIUMF-Univ. of Victo-
ria), R.G. Korteling (Simon Fraser Univ.)
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280. Study of giant isovector spin resonances via the (p, n) and (n,p) reactions at 350 MeV [deferred], A. Altman,
J. Alster, N. Auerbach, M.A. Moinester, S. Wood, A.I. Yavin (Tel-Aviv Univ.), O. Hausser (TRIUMF-SFU),
A. Moalem (Ben-Gurion Univ.), W.P. Alford (Univ. of Western Ontario), A. Klein (Univ. of Georgia)

281. Investigations of pion absorption reactions 6Li,12C(ir:t, Xi)Xz [completed], G. Huber, G.J. Lolos, S.I.H. Naqvi,
V. Pafilis, Z. Papandreou (Univ. of Regina), D. Gill, D. Ottewell, P.L. Walden (TRIUMF), E.G. Auld, G. Jones
(Univ. of British Columbia), R.R. Johnson (TRIUMF-UBC), X. Aslanoglou (Florida State Univ.)

282. Exchange effects in 0+ —> 0~ inelastic scattering [completed], R.E. Azuma, L. Buchmann, T.E. Drake, D.
Frekers, J.D. King, S.S.M. Wong. X. Zhu (Univ. of Toronto)

283. (Combined with 295)

2S4. A study of the decays JT+ —• e+e~e+s> and JT+ —* e*ifj [deferred], M. Blecher (Virginia Polytechnic Inst.
& Stale Univ.), D.A. Bryman (TRIUMF-Univ. of Victoria), E. Clifford, P. Schlatter (Univ. of Victoria), M.
Dixit, C.K. Hargrove, H. Mes (National Research Council), G. Azuelos, T. Numao, J.-M. Poutissou (TRIUMF),
P. Depommier (Univ. de Montreal), A. Burnham,* M.D. Hasinoff, C. Waltham (Univ. of British Columbia),
T. Mulura, V. Perez-Mendez (Lawrence Berkeley Lab)

285. Elastic scattering of pions by 3'4He for pion energies between 20 and 50 MeV [completed], K.M. Crowe, C.A.
Meyer (Univ. of California, Berkeley), D.R. Gill, D. Healey, U. Wienands (TRIUMF), R.R. Johnson (TRIUMF-
UBC), A. Altma.i (Tel-Aviv Univ.), N. Grion (INFN Trieste)

286. Quantum diffusion of muons and muonium [completed], K.M. Crowe (Univ. of California, Berkeley), J.H.
Brewer, S.R. Kreitzman, M. Senba, D.LI. Williams (Univ. of British Columbia), R. Keitel (TRIUMF), E.J.
Ansaldo (Univ. of Saskatchewan), J. Bailey (Yale Univ.), K. Nagamine (Univ. of Tokyo), D. Harshman (AT&T
Laboratories), D.P. Spencer (Univ. of Chicago Medical Center)

288. Muonium reaction rates on surfaces [completed], R. Keitel (TRIUMF), J.H. Brewer, D.N. Noakes, M. Senba
(Univ. of British Columbia), K. Nagamine (Univ. of Tokyo), E.J. Ansaldo (Univ. of Saskatchewan), D.R.
Harshman (AT&T Laboratories)

289. Studies of positive muon states in alkali halides and other insulators by advance /iSR methods [completed],
K. Ishida, Y. Kuno, T. Matsuzaki, Y. Morozumi, K. Nagamine, K. Nishiyama, T. Yamazaki (Univ. of Tokyo),
J.H. Brewer (Univ. of British Columbia)

290. Positive muon probing soliton in polyacetylene [completed], K. Ishida, Y. Kuno, T. Matsuzaki, K. Nagamine,
H. Shirakawa, T. Yamazaki (Univ. of Tokyo), J.H. Brewer (Univ. of British Columbia)

291. jiSR studies on spin dynamics in mixed antiferromagnets with competing anisotropies [completed], I. Ito, E.
Torikai (Ochanomizu Univ.), K. Ishida, Y. Kuno, T. Matsuzaki, K. Nagamine, T. Yamazaki (Univ. of Tokyo),
J.H. Brewer (Univ. of British Columbia)

292. ^*SR of graphite intercalation compounds [active], K. Ishida, T. Kondow, Y. Kuno, T. Matsuzaki, K. Nagamine,
T. Yamazaki (Univ. of Tokyo), J.H. Brewer (Univ. of British Columbia)

294. Spin observables for elastic and inelastic proton scattering from 28Si and 208Pb at 300 MeV [completed], R.L.
Auble, F.E. Bertrand, B.L. Burks, C.W. Glover, E.E. Gross, D.J. Horcn, R.O. Sayer (Oak Ridge National Lab),
O. Hausser (TRIUMF-SFU), K. Hicks, V. Wienands (TRIUMF), A. Moalem (Ben Gurion Univ.), J. Lisantti,
D.K. McDaniels, J. Tinsley (Univ. of Oregon), I. Bergqvist (Univ. of Lund), E. Rost, J.R. Shepard (Univ. of
Colorado)

295. Large angle polarization tests - Test of density-dependent and relativistic theories [completed], V. Penumetcha,
A. Scott (Univ. of Georgia), R. Abegg, K.P. Jackson, C.A. Miller, S. Yen (TRIUMF), R. Azuma, L. Buchmann,
T.E. Drake, D. Frekers, J.D. King, L. Lee, S.S.M. Wong (Univ. of Toronto), M.L. Whiten (Armstrong College,
Georgia), R. Dymarz, U. Kuehner (McMaster Univ.), H.V. von Geramb (Univ. Hamburg)

296. Kinetics of gas phase muonium addition reactions [completed], P.M. Garner (TRIUMF), D.J. Arseneau, D.G.
Fleming, I.D. Reid, M. Senba (Univ. of British Columbia)

297. Energetic neutron spectra from /*~-capture in deuteron [completed], T.J. Hallman, Y.K. Lee, L. Madansky,
E.K. Mclntyre, Jr. (Johns Hopkins Univ.), G.R. Mason (Univ. of Victoria)

298. Resonant structure in Cu(p,T*)X: A possible dibaryon signal [completed], R. Abegg, K. Hicks, K.P. Jack-
son, C.A. Miller, D. Otlewell, P. Walden, S. Yen (TRIUMF), G. Gaillard (Univ. of Alberta), E.G. Auld, P.
Trelle (Univ. of British Columbia), R. Schubank (Univ. of Saskatchewan). R. Henderson (TRIUMF-Univ. of
Melbourne)

299. A measurement of the inclusive pion production from 16O and the associated particles in coincidence with
the pions [inactive], E.G. Auld (Univ. of British Columbia), P. Walden, S. Yen (TRIUMF), G. Lolos (Univ. of
Regina), W. Falk (Univ. of Manitoba)
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300. Spin transfer K,. in the reaction pp —* die [completed data-taking], R. Abegg, L.G. Greeniaus, D.A. Hutcheon,
G.R. Smith (TRIUMF), L. Antonuk, J. Collot, G. GaUlard, G.A. Moss, W.C. Olsen, G. Roy, R. Sawafta, D.M.
Sheppard* (Univ. of Alberta), B. Blankleidet, J.M. Cameron (IUCF),

301. The reaction ppr° near threshold [completed], F. Entezami, D.F. Measday, S. Stanislaus (Univ. of British
Columbia), D. Horvath (Central Research fast, for Physics, Budapest)

302. Proton scattering to natural parity states in 90Zr [completed data-taking], R.E. Azuma, T.E. Drake, H. Fidahic,
D. Frekers, J.D. King, u. Lee, S.S.M. Wong (Univ. of Toronto), R. Abegg, C.A. Miller, S. Yen (TRIUMF), R.
Schubank (Univ. of Saskatchewan)

304. Muonium-antimnonium conversion [completed], A. Olin (TRIUMF-Univ. of Victoria), G.A. Beer, A.C. Janis-
ssn, G.R. Mason (Univ. of Victoria), Z. Gelbart, G.M. Marshall (TRIUMF), J.B. Warren* (Univ. of British
Columbia), B. Heinrich, K. Myrtle (Simon Fraser Univ.), T. Bowen, P.G. Halverson, K.R. Kendall (Univ. of
Arizona), C.A. Fry (Univ. of Rochester), T.M. Huber, A.R. Kunselman (Univ. of Wyoming)

306. Pion transfer in gaseous mixtures [completed], K.A. Aniol, M.B. Epstein, D.J. Margaziotis (California State
Univ. LA), M. Salomon (TRIUMF), F. EntezamTTD.F. Measday, A.J. Noble, S. Stanislaus, C.J. Virtue (Univ.
of British Columbia), D. Horvath (Central Research Inst. for Physics, Budapest)

307. The effects of large oscillating fields in low frequency double electron muon resonance [completed], S.A. Dodds,
T.L. Estle, S.L. Rudaz, Q. Zhu (Rice Univ.), J.H. Brewer, S.R. Kreitzman, D. Noakes (Univ. of British
Columbia), R. Keitel (TRIUMF), E.J. Ansaldo (Univ. of Saskatchewan), R.H. Heffner (LAMPF), D. Harshman
(AT&T Laboratories), D.P. Spencer (Univ. of Chicago Medical Center)

309. Transfer reaction studies with radioactive targets [deferred], E. Hagberg, J.C. Hardy, H. Schmeing (Atomic
Energy of Canada Ltd.), G. Audi (Lab Rene Bernas, Orsay)

310. Production of a 2 I1Rn/211 At generator for radiochemical experiments [deferred], M. Adam, J. Grierson, T.J.
Ruth (TRIUMF), K. Krohn (Univ. of Washington)

311. Nuclear reactions of astrophysical interest with accelerated radioactive beams [deferred], R. Azuma, L. Buch-
mann, J. King (Univ. of Toronto), J. D'Auria (Simon Fraser Univ.), C. Rolfs (Univ. Minster), M. Wiescher
(Univ. Mainz), M. Arnould (Univ. Libre de Bruxelles), T. Ward (IUCF), C. Barnes (California Inst. of Tech-
nology), R. Boyd (Ohio State Univ.)

312. Low energy ion scattering using ISOL [deferred], S.R. Morrison, W. Sears (Simon Fraser Univ.)

313. Delayed neutron studies at TRIUMF-ISOL [deferred], P.L. Reeder, R.A. Warner (Pacific Northwest Lab)

314. Production of radioactive targets for nuclear structure studies [deferred], C. Bourgeois, P. Kilcher, G. Rotbard,
B. Roussiere, J. Sauvage-Letessier, M. Vergnes (IPN, Orsay), H. Dautet (McGilt Univ.)

315. Development of a laser-based ion source [inactive], D. Audet, F. Buchinger, R. Corriveau, J.E. Crawford, H.
Dautet, J.K.P. Lee, S.K. Mark, R.B. Moore, L. Nikkinen, D. Oxorn, G. Savard (McGill Univ.), J. D'Auria
(Simon Fraser Univ.)

316. Collinear laser spectroscopy of radioactive beams [deferred], F. Buchinger and FRL Research Team (McGill
Univ.)

317. Spectroscopic studies of nuclear properties [deferred], L.R. Kilius, A.E. Litherland (Univ. of Toronto), FRL
Research Team (McGill Univ.), M. Pearson (Univ. de Montre'al)

318. Installation of an on-line isotope separator at TRIUMF [completed], F. Buchinger, J.E. Crawford, H. Dautet,
J.K.P. Lee, S.K. Mark, R.B. Moore, L. Nikkinen, K. Oxorn, V. Raut (McGill Univ.), J. D'Auria (Simon Fraser
Univ.), E. Hagberg, J. Hardy, H. Schmeing (Chalk River Nuclear Labs)

319. Analysing powers for the inelastic continuum in 60Ni and 208Pb [inactive], K. Lin, J. Lisantti, D.K. McDaniels
(Univ. of Oregon), I. Bergqvist, A. Brockstedt, B. Jakobsson (Univ. of Lund), O. Hausser (TRIUMF-SFU),
F. Bertrand, B. Burks, E. Gross, C. Glover, D. Horen, R. Sayre (Oak Ridge National Lab), L. Swenson (Oregon
State Univ.)

321. Muonium spin rotations in condensed phases methane [deferred], R.L. Ganti, Y.C. Jean (Univ. of Missouri-
Kansas City), Y. Miyake, K. Venkateswaran, D.C. Walker (Univ. of British Columbia), J.M. Stadlbauer (Hood
College)

322. Measurement of )r±p differential cross sections at 7V = 90 MeV [completed], J. Brack, J.J. Kraushaar, R.J.
Peterson, R.A. Ristinen, J.L. Ullmann (Univ. of Colorado), DR. Gill, K. Hicks, G. Smith (TRIUMF), R.R.
Johnson (TRIUMF-UBC)

323. Giant resonance study with 75 MeV T* [completed data taking], D.R. Gill, G.R. Smith, U. Wienands (TRI-
UMF), K.L. Erdman, N. Hessey, D. Mills, M. Rozon (Univ. of British Columbia), R.R. Johnson (TRIUMF-
UBC), A. Altman (Tel-Aviv Univ.), T.E. Drake (Univ. of Toronto)
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324. Polarization-analysing power differences for inelastic proton scattering from 12C at 400 MeV [completed data-
taking], K.H. Hicks, K.P. Jackson, C.A. Miller, G. Smith, S. Yen (TRIUMF), O. Hausser (TRIUMF-SFU),
A. Celler (Simon Fraser Univ.), JR. Shepard (Univ. of Colorado), R. Sawafta (Univ. of Alberta), A. Moalem
(Ben Gurion Univ.), T.E. Drake, D. Frekers (Univ. of Toronto), R. Schubank (Univ. of Saskatchewan), R.
Henderson (TRIUMF-Univ. of Melbourne), W.P. Alford (Univ. of Western Ontario)

325. Ultra-low energy muon production (uSOL) [completed], W.S. Crane, D.R. Harshman, A.P. Mills, Jr. (AT&T
Laboratories), J.B. Warren* (Univ. of British Columbia), J.L. Beveridge, K.R. Kendall, R.F. Kiefl, C.J. Oram
(TRIUMF), A.S. Rupaal, J.H. Turner* (Western Washington Univ.)

326. Determination of muon-neutrino mass [inactive], C.Y. Kim (Univ. of Calgary), D. Garner, R. Keitel (TRIUMF),
Y.M. Shin (Univ. of Saskatchewan)

327. Study of the (*•+, w+ jr") reaction on 16O, 28Si and 40Ca at T* =240 and 280 MeV [inactive], N. Grion (INFN
Trieste), R. Roi (Univ. di Trieste), N. Hessey, M. Rozon, P. Trelle (Univ. of British Columbia), R.R. Johnson
(TRIUMF-UBC), D. Gill, G. Smith, U. Wienands (TRIUMF), A. Altman (Tel-Aviv Univ.)

328. Multi-nucleon modes of pion absorption in flight on 3He and 4He [inactive], J. McAlister, R. Olszewski, M.
Rozon, M. Sevior, P. Trelle (Univ. of British Columbia), R.R. Johnson (TRIUMF-UBC), D.R. Gill, G. Smith
(TRIUMF), J. Alster, D. Ashery, M. Moinestei (TeUAviv Univ.), N. Grion (INFN Trieste), R. Rui (Univ. di
Trieste), G.J. Lolos, Z. Papandreou (Univ. of Regina), K. Aniol (California State Univ. LA), R. Tacik (Univ.
Karlsruhe)

329. The 4He(jr, T;)4He reaction and the EELL effect [completed data-taking], K. Itoh, Y.M. Shin, N. Stevenson,
D. Tokaryk (Univ. of Saskatchewan), D. Gill, B. Jennings, D. Ottewell, G. Wait (TRIUMF), R.R. Johnson
(TRIUMF-UBC), A. Altman (Tel-Aviv Univ.), T. Drake, D. Frekers (Univ. of Toronto), R. Schubank (Univ.
of Saskatchewan), N. de Takacsy (McGill Univ.)

330. Spin observables for inelastic proton scattering from 16O at 300 MeV [completed], R.L. Auble, F.E. Bertrand,
B.L. Burke, C.W. Glover, E.E. Gross, D.J. Horen, R.O. Sayer, (Oak Ridge NationalLab),O. Haasser (TRIUMF-
SFU), A. Celler (Simon Fraser Univ.), K. Hicks, S. Yen (TRIUMF), A. Moalem (Ben-Gurion Univ.), R. Sawafta
(Univ. of Alberta), D. Frekers (Univ. of Toronto), R. Henderson (TRIUMF-Univ. of Melbourne)

331. Spin transfer in the ird —» pp reaction [completed], A. Feltham, G. Jones, R. Olszewski, M. Pavan, M. Sevior,
V. Sossi, R.P. Trelle, D. Vetterli, P. Weber (Univ. of British Columbia), D.R. Gill, D. Healey, D. Ottewell, G.
Smith, G. Wait, P. Walden (TRIUMF), G. Lolos, E. Mathie, Z. Papandreou, M. Yeomans (Univ. of Regina),
R. Rui (INFN Trieste), M. Moinester (Tel-Aviv Univ.) 26

332. Measurement of Dt/R, in n-p scattering [completed], J. Birchall, C.A. Davis, N.E. Davison, P.R. Poffenberger,
D. Ramsey, W.T.H. van Oers (Univ. of Manitoba), G.A. Moss, G. Roy (Univ. of Alberta), L.G. Greeniaus
(TRIUMF)

333. A search for the high frequency parts of the giant resonances [inactive], A. Moalem (Ben-Gurion Univ.),
O. Hausser (TRIUMF-SFU), A. Celler (Simon Fraser Univ.), K. Hicks, K.P. Jackson, C.A Miller, S. Yen
(TRIUMF), K. Lin, J. Lisantti, D. McDaniels (Univ. of Oregon), R. Sawafta (Univ of Alberta), W.P. Alford
(Univ. of Western Ontario), R. Henderson (TRIUMF-Univ. of Melbourne), M. Moinester (Tel-Aviv Univ.), I.
Bergqvist (Univ. of Lund)

335. Energy dependence of isoscalar and isovector 1+ excitations in 28Si(jT,p') [completed], O. Hausser (TRIUMF-
SFU), A. Celler (Simon Fraser Univ.), K. Hicks, K.P. Jackson, C.A. Miller, S. Yen (TRIUMF), A. Moalem
(Ben-Gurion Univ.), R. Sawafta (Univ. of Alberta), W.P. Alford, R. Helmer (Univ. of Western Ontario), K.
Henderson (TRIUMF-Univ. of Melbourne), C. Gfinther (Univ. Bonn), R. Dymarz (McMaster Univ.)

337. Measurement of tensor observables in the Jr+<f elastic scattering reaction [completed], P. Delheij, D.R. Gill, D.
Healey, D. Ottewell, G.R. Smith, G. Wait, P. Walden, U. Wienands, S. Yen (TRIUMF), A. Altman (Tel-Aviv
Univ.), M. Haden, G. Jones, F. Tervisidis, R.P. Trelle (Univ. of British Columbia), R.R. Johnson (TRIUMF-
UBC), G. Lolos, E.L. Mathie (Univ. of Regina)

338. Proton scattering from 208Pb and 90Zr at large momentum transfer [active], R. Azuma, L. Buchmann, T.E.
Drake, R. Dymarz, D. Frekers, J.D. King, L. Lee, S. Wong (Univ. of Toronto), R. Abegg, K.P. Jackson,
C.A. Miller (TRIUMF), A. Scott (Univ. of Georgia), M. Whiten (Armstrong College), H. von Geramb (Univ.
Hamburg)

339. Kinetic isotope effects in the Mu -1- Hj and Mu + D2 reactions [completed], D. Arseneau, D. Fleming, L.Y.
Lee, I.D. Reid, M. Senba (Univ. of British Columbia), D. Garner, W.X. Kuang (TRIUMF)

340. u+ molecular ions and ion molecule reactions in gases [completed], P. Arseneau, D.G. Fleming, L.Y. Lee, I.D.
Reid, M. Senba (Univ. of British Columbia), D. Garner, W.X. Kuang (TRIUMF)
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341. Excited state production in proton-induced nuclear reactions [acti.e], W. Benenson, C. Bloch, E. Kashy, D.
Morrissey (Michigan State Univ.), D. Boal, J. D'Auria, R.G. Korteling (Simon Fraser Univ.), R. Helmer (Univ.
of Western Ontario)

342. Dynamics of muon-produced soliton in polyacetylene [active], Y. Kuno, T. Matsuzaki, K. Nagamine, K. Nishi-
yama, T. Yamazaki (Univ. of Tokyo), K. Ishida (Inst. of Phys. and Chem. Research), H. Shirakawa (Univ. of
Tsukuba), J. Brewer (Univ. of British Columbia), R. Kiefl (TRIUMF)

343. Negative pion inelastic scattering from 2H, 3He and 4He at 100 MeV [deferred], I. Halpern, M. Khandaker,
T. Murakami, D. Rosenzweig, D. Storm, D. Tieger (Univ. of Washington)

344. Excitation of "stretched" particle-hole states in charge-exchange reactions [active], B. Anderson, R. Madey,
R. McCarthy, M. Plumley, J. Watson (Kent State Univ.), W. Aiford (Univ. of Western Ontario), O. Hausser
(TRIUMF-SFU), K.P. Jackson, C.A. Miller (TRIUMF)

345. Muon spin relaxation studies of uranium-based heavy fermions [active], G. Aeppli, D. Abernathy (AT&T Bell
Laboratories), Y.J. Uemura (Brookhaven National Lab), J. Brewer, D. Noakes (Univ. of British Columbia), E.
Ansaldo (Univ. of Saskatchewan), E. Bucher (Univ. Konstanz), J. Kossler (College of William and Mary)

346. Muon spin rotation and relaxation in heavy fermion cerium compounds [active], Y.J. Uemura (Brookhaven
National Lab), G. Aeppli, D. Abernathy, B. Batlogg, D. Harshman, J. Remeika (AT&T Bell Laboratories),
J.H. Brewer, S. Kreitzman, D.R. Noakes, M. Senba (Univ. of British Columbia), B. Hitti, J. Kempton, W.J.
Kossler (College of William and Mary), R. Keitel, R. Kiefl (TRIUMF), E.J. Ansaldo (Univ. of Saskatchewan),
Y. Oonuki, T. Komatsubara (Tsukuba Univ.), E. Bucher (Univ. Konstanz)

347. Spin dynamics in amorphous rare earth intermetallics [inactive], L. Asch, G.M. Kalvius, F.J. Litterst (Tech.
Univ. Munich), J.H. Brewer, D.R. Noakes (Univ. of British Columbia), B. Boucher (CEN Saclay), J. Chappert,
A. Yaouanc (CEN Grenoble), O. Hartmann, R. Wappling (Univ. of Uppsala), K. Nagamine, K. Nishiyama, T.
Yamazaki (Univ. of Tokyo), E.J. Ansaldo (Univ. of Saskatchewan), R. Keitel (TRIUMF)

349. The diamagnetic ji+ state in alkali halide and related metal halide crystals [completed], E.J. Ansaldo (Univ.
of Saskatchewan), J. Brewer, B. Forster, S. Kreitzman, G. Luke, D. Noakes, M. Senba, D.LI. Williams (Univ.
of British Columbia), R. Keitel, R. Kiefl (TRIUMF), K. Nagamine (Univ. of Tokyo), D. Harshman (AT&T
Laboratories)

350. Study of the energy dependence of the 1 8 O ( T + , jr~)17Ne reaction at the low-energy region [completed data-
taking], A. Altman, E. Piasetzky (Tel-Avtv Univ.), N. Hessey, F.M. Rozon, M. Sevior, R.P. Trelle (Univ. of
British Columbia), R.R. Johnson (TRIUMF-UBC), D.R. Gill, G.R. Smith, U. Wienands (TRIUMF), N. Grion,
R. Rui (1NFN Trieste), T. Anderl (KfA Julich), M. Leitch (Los Alamos National Lab)

351. Study of the ( T + , T ~ ) DIAS reaction on 34S and 56Fe at 50 MeV [active], A. Altman, E. Piasetzky (Tel-Aviv
Univ.), N. Hessey, M. Sevior, F.M. Rozon, R.P. Trelle (Univ. of British Columbia), R.R. Johnson (TRIUMF-
UBC), D.R. Gill, G.R. Smith, U. Wienands (TRIUMF), N. Grion, R. Rui (INFN Trieste), T. Anderl (KfA
Julich), M. Leit.h (Los Alamos National Lab)

352. Zero degree radiative capture of neutrons [active], G.W.R. Edwards, J. Collot, H. Fielding, G. Gaillard, J.
Wesick (Univ. of Alberta), R. Abegg, G. Greeniaus, D.A. Hutcheon, C.A. Miller (TRIUMF), J.M. Cameron
(IUCF), N.E. Davison (Univ. of Manitoba)

354. Study of nuclear structure and density dependence of the effective interaction for the N = 50 isotones [active],
R.E. Azuma, L. Buchmann, T. Drake, D. Frekers, A. Galino, L. Lee, S. Wong (Univ. of Toronto), R. Abegg,
K.P. Jackson, C.A. Miller, S. Yen (TRIUMF), R. Schubank (Univ. of Saskatchewan)

355. Exchange effects in 0+ —• 0~ inelastic scattering [completed], R.E. Azuma, L. Buchmann, T.E. Drake, D. Frekers,
A. Galindo, J.D. King, R. Lee, S.S.M. Wong, X. Zhu (Univ. of Toronto), R. Schubank (Univ. of Saskatchewan)

356. Y-scaling in inclusive proton scattering from 9Be and 12C at 300 MeV [active], A. Moalem (Ben-Gurion Univ.),
O. Hausser (SFU-TRWMF), R. Abegg, K. Hicks, K.P. Jackson, C.A. Miller, S. Yen (TRIUMF), R. Sawafta
(Univ. of Alberta), R. Henderson (TRIUMF-Univ. of Melbourne), W.P. Aiford (Univ. of Western Ontario), A.
Altman (Tel-Aviv Univ.), S. Gurvitz (Weizmann Inst. of Science), D. Frekers (Univ. of Toronto)

357. Measurement of fl+(GT) for 26Mg [completed data-taking], W.P. Aiford, A. Celler (Univ. of Western Ontario),
R.L. Helmer, R. Henderson, M. Vetterli, S. Yen (TRUIMF), O. Hausser (TRIUMF-SFU), A. Krumins (Univ.
of Toronto), D. Miller (IUCF), B. Spicer (Univ. of Melbourne), A. Yavin (Tel Aviv Univ.)

358. Resolved nuclear hyperfine structure of muonium-substituted free radicals using level crossing spectroscopy
[completed], R.F. Kiefl, R. Keitel (TRIUMF). J.H. Brewer, S. Kreitzman, G. Luke, D.R. Noakes, M. Senba
(Univ. of British Columbia), E.J. Ansaldo (Univ. of Saskatchewan), A. Ito, Y. Morozumi, K. Nagamine, K.
Nishiyama (Univ. of Tokyo), P.W. Percival (Simon Fraser Univ.), D. Harshman (AT&T Laboratories)
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359. The spin response of (/p) shell nuclei [inactive], C. GlashauBser (Rutgers Univ.), O, Hausser (TRIUMF-SFU),
S.K. Nanda (Univ. of Minnesota), K.W. Junes (Los Alamos National Lab), A. Moalem (Ben-Gurion Univ.), M.
Vetterli (Simon Fraser Univ.), R. Abegg, K. Hicks, K.P. Jackson, C.A. Miller (TRWMF), W.P. Alford (Univ.
of Western Ontario), R. Henderson (TRIUMF-Univ. of Melbourne), J. Lisantti (Univ. of Oregon)

360. Polarization transfer in rd elastic scattering [active], K. Itoh, R. Schubank, Y.M. Shin, N. Stevenson (Univ. of
Saskatchewan), D. Gill, D. Ottewell, G. Wait, D. Healey, P. Delheij (TRWMF), T. Drake, D. Frekers (Univ.
of Toronto)

361. Muonium in water [completed], J. Bartlett, J.-C. Brodovitch, M. Harston, S.-K. Leung, P.W. Percival (Simon
Fraser Univ.), K. Newman (Univ. de Sherbrooke)

362. High pressure muon spin resonance in liquids [completed], J. Bartlett, J.-C. Brodovitch, M. Harston, S.-K.
Leung, P.W. Percival (Simon Fraser Univ.), K. Newman (Univ. de Sherbrooke)

364. Photon asymmetry measurements in radiative muon capture in heavy nuclei [completed data-taking], T. Gor-
ringe, M. Hasinoff, A. Pouladdej, C. Virtue, C. Waltham (Univ. of British Columbia), G. Azuelos (TRIUMF),
B. Robertson (Queen's Univ.), D. Horvath (Central Research Insi. for Physics, Budapest)

365. Search for tetraneutrons using the 4He(ir~,x+)4n reaction [completed], D. Armstrong, T. Gorringe, M. Hasi-
noff, C. Waltham, J.B. Warren* (Univ. of British Columbia), G. Azuelos, J.A. Macdonald, T. Numao, J.-M.
Poutissou (TRIUMF), D. Bryman (TRIUMF-Univ. of Victoria), R. Poutissou (Univ. de Montreal)

366. Measurement of da/dU and ANo to exclusive states of 16O(p, jr+)17O between 250 and 450 MeV [active], K.
Hicks, M.J. Iqbal, P. Walden, S. Yen (TRIUMF), E.G. Auld (Univ. of British Columbia), R. Bent (IUCF),
W.R. Falk (Univ. of Manitoba), G. Lolos (Univ. of Regina)

367. Resolved nuclear hyperfine structure of anomalous muonium in semiconductors [completed], R.F. Kiefl, R.
Keitel (TRIUMF), E.J. Ansaldo (Univ. of Saskatchewan), J.H. Brewer, S. Kreitzman, G. Luke, D.R. Noakes
(Univ. of British Columbia), T.L. Estle (Rice Univ.), D.P. Spencer (Univ. of Chicago Medical Center), T.
Matsuzaki, K. Nishiyama (Univ. of Tokyo)

368. Charge symmetry breaking in n(p, d)r° at 477 MeV [inactive], R. Abegg, L.G. Greeniaus, D.A. Hutcheon, C.A.
Miller (TRIUMF), P.W. Green, C. Lapointe, G.A. Moss, G.M. Stinson (Univ. of Alberta), C.A. Davis, W.T.H
van Oers (Univ. of Manitoba), J.M. Cameron (IUCF)

369. Charge symmetry breaking in np elastic scattering at 350 MeV [active], N. Kolb, E. Korkmaz, J. Li, J. Soukup,
G.M. Stinson (Univ. of Alberta), R. Abegg, P.P.J. Delheij, P.W. Green, D.C. Healey, R. Helmer, P. Levy, C.A.
Miller (TRIUMF), L.G. Greeniaus (TRIUMF-Univ. of Alberta), A.R. Berdoz, J. BirchaU, J.R. Campbell, N.E.
Davison, S.A. Page, W.D. Ramsay, W.T.H. van Oers, J. Zhao (Univ. of Manitoba), C.A. Davis (TRIUMF-Univ.
of Manitoba) 5

370. On the applicability of the macroscopic DWBA formalism for 59Ni at 200 and 400 MeV [inactive], J. Lisantti,
D.K. McDaniels (Univ. of Oregon), C. Glover, L.W. Swenson, Y. Xiao (Oregon State Univ.), F. Bertrand, B.
Burks, D. Horen (Oak Ridge National Lab), I. Bergqvist (Univ. of Lund), K. Hicks (TRIUMF)

371. Muonium in micelles [completed], K. Venkateswaren, D.C. Walker (Univ. of British Columbia), J.M. Stadlbauer
(Hood College), B.W. Ng (Winona State Univ.), R. Ganti, Y.C. Jean (Univ. of Missouri-Kansas City), Wu
Zhenna (USTC, Hefei)

372. Single pion production in np scattering [completed data-taking], A. Amer, A.R. Berdoz, J. Birchall, J.R.
Campbell, N.E. Davison, W.R. Falk, S.A. Page, W.D. Ramsay, A.M. Sekulovitch, W.T.H. van Oers (Univ. of
Manitoba), D.A. Hutcheon, C.A. Miller (TRIUMF), D.L. Adams, G.S. Mutchler (Rice Univ.), M.G. Bachman,
P.J. Riley (Univ. of Texas, Austin), C.A. Davis (Univ. of Manitoba-TRIUMF), M.B. Epstein, D.J. Margaziotis
(Cal. State Univ, Los Angeles), P.W. Green, E. Korkmaz (Univ. of Alberta), B.W. Mayes, L. Pinsky, Y.
Tzamouranis (Univ. of Houston)

373. Low energy pion scattering and pionic atom anomaly [inactive], D.R. Gill, G.R. Smith, U. Wienands (TRI-
UMF), A. Olin (TRIUMF-Univ. of Victoria), KM. Rozon, M. Sevior, R.P. Trelle (Univ. of British Columbia),
R.R. Johnson (TRIUMF-UBC), A. Altman (Tel-Aviv Univ.),T. Anderl (KfA Julich), N. Grion (INFN Trieste),
R. Rui (Univ. di Trieste)

374. Non-analog DCX, the 1 6 O ( T + , jr-)16Ne reaction [active], D.R. Gill, G.R. Smith, U. Wienands (TRIUMF),
F.M. Rozon, M. Sevior, R.P. Trelle (Univ. of British Columbia), R.R. Johnson (TRIUMF-UBC), A. Altman
(Tel-Aviv Univ.), T. Anderl (KfA Julich), N. Grion (INFN Trieste), R. Rui (Univ. di Trieste)

375. Few-body physics via the pion deuteron breakup reaction [completed data-taking], G.M. Huber, G.J. Lolos,
E.L. Mathie, S.I.H. Naqvi, V. Pafilis, D.M. Yeomans (Univ. of Regina), D. Healey, D. Ottewell, G.R. Smith,
G. Wait (TRIUMF), G. Jones, M. Sevior, R.P. Trelle, P. Weber (Univ. of British Columbia), D. Humphrey
(Western Kentucky Univ.), H. Garcilazo (Univ. Hannover) 27
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376. S0+ strength in 90Zr(n,p) [active], D. Frekers, R. Helmer, K.P. Jackson, C.A. Millet, S. Yen (TRIUMF),
B. Spicer (Univ. of Melbourne), R. Henderson (TRJUMF-Univ. of Melbourne), M. Moinester, A.I. Yavin (Tel-
Aviv Univ.), W.P. Alford, A. Celler (Univ. of Western Ontario), O. Hausser (TRIUMF-Simon Fraser Univ.),
T.E. Drake, J.D. King (Univ. of Toronto), K. Hicks (Ohio Univ.)

377. Test of charge symmetry in ird elastic scattering [completed], D. Gill, D.F. Ottewell, G.R. Smith, P.L Walden
(TRIUMF), G. Jones, F. Tervisidis, P. Trelle (Univ. of British Columbia), R.R. Johnson (TRIUMF-UBC) A.
Altman (Tel-Aviv Univ.), J.J. Kraushaar, R.J. Peterson, R.A. Ristinen, J.L. Ullmann (Univ. of Colorado)

378. Study of 48Ti(n,p) as a test of lifetime calculations for the double beta decay of 48Ca [active], W.P. Alford, A.
Celler (Univ. of Western Ontario), D. Frekers, R. Helmer, K.P. Jackson, C.A. Miller, S. Yen (TRIUMF), O.
Hausser (TRIUMF-SFU), K. Hicks (Ohio Univ.), B.A. Brown (Michigan State Univ.), CD. Zafiratos (Univ.
of Colorado)

379. Investigation of the relation between Gamow-Teller strength and (p, n) cross sections at small momentum trans-
fer [active], W.P. Alford, A. Celler (Univ. of Western Ontario). J. Watson (Kent State Univ.), CD. Zafiratog
(Univ. of Colorado), D. Frekers, R. Helmer, K.P. Jackson, C.A. Miller, S. Yen (TRIUMF), O. Hausser (TRIUMF-
SFU), K. Hicks (Ohio Univ.), B.A. Brown (Michigan State Univ.), R. Henderson (TRIUMF-Univ. of Mel-
bourne)

381. Measurement of spin observables using the (p,p'y) reaction [completed], K. Hicks (Ohio Univ.), K. Abegg, K.P.
Jackson, C.A. Miller, S. Yen (TRIUMF), O. Hausser (TRIUMF-SFU), M. Vetterli (Simon Fraser Univ.), A.
Celler (Univ. of Western Ontario), R. Ristinen, J. Shepard, J. Ullmann (Univ. of Colorado), C. Glover, N.
Hill (Oak Ridge National Lab), G. Igo (UCLA), R. Jeppesen, N. King, G. Morgan (Los Alamos National Lab),
M. Kovash (Univ. of Kentucky), R. Henderson (TRIUMF-Univ. of Melbourne)

382. Measurements of the spin rotation parameter Q at 200 MeV as a test of Pauli blocking in elastic proton-nucleus
scattering [active], O. Hausser (TRIUMF-SFU), M. Ji, K. Lin, M. Vetterli (Simon Fraser Univ.), R. Abegg,
K.P. Jackson, C.A. Miller (TRIUMF), R.S. Henderson (TRIUMF-Univ. of Melbourne), R. Sawafta (Univ. of
Alberta), W.P. Alford, A. Celler (Univ. of Western Ontario), K. Hicks (Ohio Univ.), C. Glover, J. Lisantti
(Oak Ridge National Lab), D.K. McDaniels (Univ. of Oregon), L.W. Swenson (Oregon State Univ.)

383. A test of the Gamow-Teller sum rule from measurements of the MFe(n,p) and (p, n) reactions at 290 MeV
[active], O. Hausser (TRIUMF-SFU), Ma Ji, K. Lin, M. Vetterli (Simon Fraser Univ.), D. Frekers, R. Helmer,
K.P. Jackson, S. Yen (TRIUMF), W.P. Alford, A. Celler (Univ. of Western Ontario), R. Henderson (TRIUMF-
Univ. of Melbourne), K. Hicks (Ohio Univ.), F. Osterfeld (KfA Julich)

384. Abysmal astrophysics: the (n,p) reaction on i6Fe and 58Ni [active], D. Frekers, R. Helmer, K.P. Jackson (TRI-
UMF), W.P. Alford, A. Celler (Univ. of Western Ontario), R.E. Azuma, L. Buchmann, C. Campbell (Univ. of
Toronto), O. Hausser (TRIUMF-SFU), M. Vetterli (Simon Fraser Univ.), B. Spicer (Univ. of Melbourne), R.
Henderson (TRIUMF-Univ. of Melbourne)

385. Muon spin depolarization in Xe up to 5 atm [completed], D. Arseneau, D. Fleming, L. Y. Lee, I. Reid, M. Senba,
R.E. Turner (Univ. of British Columbia), D. Garner (TRIUMF)

386. Electron-muon drag in conductors [completed], K.M. Crowe, A.M. Portis (Univ. of California, Berkeley), E.J.
Ansaldo (Univ. of Saskatchewan), J.H. Brewer, S.R. Kreitzman (Univ. of British Columbia), R. Keitel (TRI-
UMF)

387. Measure of Birks factor in TMP [completed], A. Astbury (TRIUMF-Univ. of Victoria), M. Fincke-Keeler, R.
Keeler, G.R. Mason, L. Robertson (Univ. of Victoria), D. Schinzel (CERN), A. Gonidec (LAPP, Annecy), C.
Cram (TRIUMF)

388. Muon spin rotation of paramagnetic solution [completed], K. Newman (Univ. de Sherbrooke), J. Bartlett, J.-C.
Brodovitch, M. Harston, S.-K. Leung, P. PercivaJ (Simon Fraser Univ.)

389. Total cross-section measurements [completed], T.E. Drake, A. Galindo-Uribarri, S. Juniper (Univ. of Toronto),
D. Frekers (TRIUMF), R. Schubank (Univ. of Saskatchewan)

390. The relativistic N-N interaction in nuclear matter and quasi free proton scattering [active], R.E. Azuma, C.
Chan, T.E. Drake, J.D. King, L. Lee (Univ. of Toronto), R. Abegg, D. Frekers, D.A. Hutcheon, J. Iqbal, C.A.
Miller, S. Yen (TRIUMF), C.J. Horowitz (Indiana Univ.)

391. Muon spin rotation studies of supported metal catalysts [completed], R.F. Marzke (Arizona State Univ.), J.H.
Brewer, D. Noakes (Univ. of British Columbia), E. Ansaldo (Univ. of Saskatchewan), D. Harshman (AT&T
Laboratories)

392. Spin-flip isovector transition by pion single-charge exchange reaction [active], K. Itoh, R. Schubank, Y. Shin, N.
Stevenson (Univ. of Saskatchewan), D. Frekers, D. Gill, D. Ottewell, G. Wait (TRIUMF), T.E. Drake (Univ.
of Toronto)
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394. Measurement of i*p differential cross sections at T, = 20 to 60 MeV [inactive], J.T. Brack, J. J. Kraushaar, R.A.
Loveman, R.J. Peterson, R.A, Ristinen (Univ. of Colorado), D.R. Gill, G.R. Smith (TRIUMF), R.R. Johnson
(TRJUMF-UBC), R. Olszewski, M. Sevior, R.P. Trelle (Univ. of British Columbia), E.L. Mathie (Univ. of
Regina)

395. Search for a dibaryon in the reaction d(ir~,^+)X [deferred], R. Olszewski, M. Sevior, R.P. Trelle (Univ. of
British Columbia), R.R. Johnson(TRIUMF-UBC), D.R. Gil), G.R. Smith (TRIUMF), D. Ashery, E. Piasetzky
(Tel-Aviv Univ.), N. Grion (INFN Trieste), R. Rui (Univ. di Trieste), J. Ernst (Univ. Bonn), T. Anderl (KfA
Jiilich)

396. Muonium chemical reactivities - Viscosity dependence [completed], R.L. Ganti, Y.C. Jean (Univ. of Missouri-
Kansas City), K. Venkateswaran, D.C. Walker (Univ. of British Columbia)

397. Quasielastic scattering from 12C and 4He [inactive], C. Chan, T.E. Drake (Univ. of Toronto), R. Abegg, D.
Frekers, D.A. Hutcheon, MJ. Iqbal (TRIUMF), O. Hausser (TRIUMF-SFU), C.J. Horowitz, E. Stephenson
(Indiana Univ.), K. Hicks (Ohio Univ.)

398. MuLCR spectroscopy of free radicals [completed], J.A. Bartlett, J.-C. Brodovitch, S.K. Leung, P.W. Percivai
S. Sun-Mack, D. Yu (Simon Fraser Univ.), D.M. Garner, R.F. Kiefl (TRIUMF), G.M. Luke, K. Venkateswaran
(Univ. of British Columbia), S.F. Cox (Rutherford Appleton Lab)

399. Measurement of x^d elastic scattering cross sections and charge asymmetries at 30, 50 and 65 MeV [completed
data-taking], M.D. Kohler, J.J. Kraushaar, R.A. Loveman, R.J. Peterson,R.A. Ristinen (Univ. of Colorado),
D.R. Gill, G.R. Smith (TRIUMF), R.R. Johnson (TRIUMF-UBC), J.T. Brack, R. Olszewski, M. Sevior, R.P.
Trelle (Univ. of British Columbia), E.L. Mathie (Univ. of Regina)

400. The Lamb shift and hyperfine structure splitting in muonic atoms [completed data-taking], G.W.F. Drake,
E.E. Habib, A. Wijngaarden (Univ. of Windsor), C.D.P. Levy, P. Schmor (TRIUMF), J.A. Cameron (McMaster
Univ.), R. Schubank (Univ. of Saskatchewan)

401. Measure of the neutron efficiency of organic scintillators in the energy range 50-350 MeV [completed data-
taking], N. Grion (INFN Trieste), N. Colonna, G. d'Erasmo, M. Fiore (Univ. di Bari), L. Fiore, G. Guarino,
A. Pantaleo, V. Paticchio (INFN-Bari), A. Bracco (Univ. di Milano), R. Rui (Univ. di Trieste)

402. Hyperfine structure of muon and muonium defect centres in magnetically ordered fluorides [inactive], R.F. Kiefl
(TRIUMF), Y.J. Uemura (Columbia Univ.), J.H. Brewer, S. Kreitzman, G.M. Luke, D.R. Noakes (Univ. of
British Columbia), E. J. Ansaldo (Univ. of Saskatchewan), A. Portis (Univ. of California, Berkeley)

403. Investigation of pion absorption reactions sLi, 1 2 C(T + ,X\X?)A [completed data-taking], G.J. Lolos, E.L.
Mathie, S.I.H. Naqvi, V. Pafilis, Z. Papandreoa (Univ. of Regina), G. Jones (Univ. of British Columbia),
D. Ottewell, P.L. Walden (TRIUMF), X. Aslanoglou (Ohio Univ.), G. Huber (Indiana Univ.)

404. Elastic pion scattering at 50 and 65 MeV [inactive], E. Friedman (Hebrew Univ., Jerusalem), D. Gill (TRIUMF),
R.R. Johnson (TRIUMF-UBC), M. Hanna, O. Meirav, C. Ponting (Univ. of British Columbia)

405. Nuclear wobble [inactive], R.E. Azuma, T.E. Drake, J. King (Univ. of Toronto), R.S. Schubank (Univ. of
Saskatchewan), R. Abegg, P. Frekers, K.P. Jackson, C.A. Miller, S. Yen (TRIUMF), A. Celler (Univ. of Western
Ontario), D. Bohle, A. Richter (Univ. Darmstadt), G. Gaul (Univ. Muenster)

407. An initial study of the I6O(p, rax+) reaction at 350 MeV [inactive], K. Hicks (Ohio Univ.), D. Frekers, B.
Jennings, C.A. Miller, G.R. Smith, P. Walden, S. Yen (TRIUMF), O. Hausser (TRIUMF-SFU), M. Vetterii
(Simon Fraser Univ.), E.D. Cooper (McGill Univ.), J. Shepard, C. Zafaratos (Univ. of Colorado), W.P. Alford
(Univ. of Western Ontario), W.R. Falk (Univ. of Manitoba), R. Jeppesen, N. King (Los Alamos National Lab)

409. Quasielastic scattering of Is state nucleonsin light nuclei [inactive], R. Abegg, L.G. Greeniaus. D.A. Hutcheon,
C.A. Miller (TRIUMF), P. Kitching (TRIUMF-Univ. of Alberta), M. Ahmad, W.J. McDonald, W.C. Olsen
(Univ. of Alberta), J.W. Watson (Kent State Univ.), K. Hicks (Ohio Univ.)

411. The spin-isospin response of 48Caand 9Be from the (n, p) reaction at 200 MeV [inactive], O. Hausser (TRIUMF-
SFU), Ma Ji, M.C. Vetterii (Simon Fraser Univ.), R. Abegg, D. Frekers, R. Helmer, K.P. Jackson, C.A. Miller,
S. Yen (TRIUMF), R.G. Jeppesen (Los Alamos National Lab), K. Hicks (Ohio Univ.), B. Spicer (Univ. of
Melbourne), R. Henderson (TRIUMF-Univ. of Melbourne), W.P. Alford, A. Celler (Univ. of Western Ontario),
F. Osterfeld (KfA Jiilich)

412. Role of the A-isobar in the (p, ir+) and (p, ir~) reactions [completed data-taking], R.D. Bent (Indiana Univ.),
M.J. Iqbal, P.L. Walden, S. Yen (TRIUMF), E.G. Auld, F. Duncan (Univ. of British Columbia), G.J. Lolos,
E.L. Mathie, S.I.H. Naqvi (Univ. of Regina), W.R. Falk (Univ. of Manitoba), K. Hicks (Ohio Univ.),G. Huber
(Indiana Univ.)
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413. Cross sections and analyzing powers for the 3He(jT, ir+)4He reaction in the energy range from 250 to 515 MeV
[completed], J.R. Campbell, W.R. Falk, K.M. Furutani, H. Guan (Univ. of Manitoba), P. Walden, S. Yen
(TRIUMF), E.G. Auld, F.A. Duncan (Univ. of British Columbia), G.J. Lolos (Univ. of Regina), R.D. Bent
(IUCF), G.M. Huber (WCF-Univ. of Regina), E. Korkmaz (Univ. of Alberta), A. Trudel (Simon Eraser Univ.),
A. Celler (Univ. of Western Ontario) '.

414. Measurement of the H(T~ , ir+T~)n cross section very near threshold [completed], R.R. Johnson (TRIUMF-
UBC), M. Hanna, J. McAlister, R. Olszewski, C. Ponting, M. Rozon, M. Seviot, V. Sossi, P. Trelle (Univ. of
British Columbia), D.R. Gill, D.F. Otteweil, G.R. Smith (TRIUMF), Z. Wu (IHEP Acad. Sinica Beijing), J.
Ernst (Univ. Bonn), N. Grion (INFN Trieste), R. Rui (Univ. di Trieste)

415. The (p, A + + ) reaction on 6Li and 28Si [deferred], D. Frekers, K.P. Jackson, C.A. Miller S. Yen, P. Walden
(TRIUMF), E.G. Auld (Univ. of British Columbia), K. Hicks (Ohio Univ.)

416. Neutron knockout with SASP [inactive], R. Abegg, C.A. Miller (TRIUMF), P. Hitching (TRIUMF-Univ. of
Alberta), M. Ahmad, W.J. McDonald (Univ. of Alberta), J.W. Watson (Kent State Univ.)

417. A survey of the (p, T + ) reaction in the A resonance region, 200 MeV < Tp < 500 MeV, using the SASP
spectrometer [active], M.J. Iqbal, P.L. Walden, S. Yen (TRIUMF), E.G. Auld, F. Duncan (Univ. of British
Columbia), W.R. Falk (Univ. of Manitoba), G.J. Lolos, E.L. Mathie, S.I.H. Naqvj (Univ. of Regina), R.D. Bent,
G. Huber (Indiana Univ.), K. Hicks (Ohio Univ.)

418. A measurement of the A-isobar contribution to pion production from proton-nuclear interactions [deferred],
E.G. Auld, F. Duncan (Univ. of British Columbia), P. Walden, S. Yen (TRIUMF), W.R. Falk (Univ. of Man-
itoba), G.J. Lolos, E.L. Mathie (Univ. of Regina), R.D. Bent (Indiana Univ.)

419. Nucleon effective polarization in Ca, Zr and Pb [inactive], W.J. McDonald, W.C. Olsen, D.M. Sheppard* (Univ.
of Alberta), P. Kitching (TRIUMF-Univ. of Alberta), R. Abegg, L.G. Greeniaus, D.A. Hutcheon, C.A. Miller
(TRIUMF)

420. Kinetic isotope effects in gas phase reactions of muonium with diatomic halogens [completed], D.J. Arseneau,
D.G. Fleming, A. Gonzalez, I. Reid, M. Senba (Univ. of British Columbia), D.M. Garner (TRIUMF)

421. Research and development studies with TISOL [active], J.M. D'Auria, M. Dombsky (Simon Eraser Univ.),
R. Azuma, L. Buchmann, J. King (Univ. of Toronto), J. Crawford, J.K.P. Lee, R.B. Moore (McGill Univ.),
J.S. Vincent (TRIUMF), P. Reeder (PNL, Batelle) 30

422. Calibration of SALAD [completed], J.M. Cameron (IUCF), E.B. Cairns, H.W. Fielding, C. Lapointe, W.J.
McDonald, G.C. Neilson, W.C. Olsen, D.M. Sheppard,* J. Soukup, Y. Ye, W. Ziegler (Univ. of Alberta), L.G.
Greeniaus, D.M. Hutcheon (TRIUMF), R. Pywell, D. Skopik (Saskatchewan Accelerator Lab)

423. A survey of the 40Ca(p, )r+)4ICa reaction in the A resonance region, 200 MeV < Tp < 500 MeV, using the
MRS spectrometer [deferred], M.J. Iqbal, P.L. Walden, S. Yen (TRIUMF), E.G. Auld, F. Duncan (Univ. of
British Columbia), W.R. Falk (Univ. of Manitoba), G.J. Lolos, E.L. Mathie, S.I.H. Naqvi (Univ. of Regina),
R.D. Bent, G. Huber (Indiana Univ.), K. Hicks (Ohio Univ.)

425. An initial study of the (p, nir+) reaction [completed data-taking], K. Hicks (Ohio Univ.), D. Frekers, P. Green,
B. Jennings, P. Walden, S. Yen (TRIUMF), O. Hausser (TRIUMF-SFU), A. Trudel, M. Vetterli (Simon
Fraser Univ.), W.P. Alford (Univ. of Western Ontario), M. Moinester (Tel-Aviv Univ.), W.R. Falk (Univ. of
Manitoba), C. Zafaratos (Univ. of Colorado), R. Jeppesen, N. King (Los Alamos National Lab), E. Cooper
(McGill Univ.)

428. Nuclear wobble (part II) [inactive], R.E. Azuma, C. Chan, T.E. Drake, J. King (Univ. of Toronto), R. Abegg,
P. Frekers, K.P. Jackson, C.A. Miller, S. Yen (TRIUMF), A. Celler (Univ. of Western Ontario), D. Bohle, A.
Richter (Univ. Darmstadt), G. Gaul (Univ. Minster)

430. Spin excitations in 208Pb [completed data-taking], R. Abegg, C.A. Miller, S. Yen (TRIUMF), R.W. Fergerson,
C. Glashausser, A. Green (Rutgers Univ.), O. Hausser (TRIUMF-SFU), M. Vetterli (Simon Fraser Univ.), R.
Henderson (TRIUMF-Univ. of Melbourne), K. Hicks (Ohio Univ.), F.T. Baker (Univ. of Georgia), R. Jeppesen,
K.W. Jones (Los Alamos National Lab), J. Lisantti (Oak Ridge National Lab)

431. Quasielastic spin response for 54Fe(p,p") at 290 MeV [completed], O. Hausser (TRIUMF-SFU), K. Lin, M.C.
Vetterli (Simon Fraser Univ.), R. Abegg, R. Helmer, K.P. Jackson, C.A. Miller, S. Yen (TRIUMF), R. Hen-
derson (TRIUMF-Univ. of Melbourne), K. Hicks (Ohio Univ.), R.G. Jeppesen (Los Alamos National Lab),
J. Lisantti (Oak Ridge National Lab), R. Fergerson, G. Glashausser (Rutgers Univ.), W.P. Alford, A. Celler
(Univ. of Western Ontario), A. Yavin (Tel-Aviv Univ.), J. Watson (Kent State Univ.)

432. Polarization transfer in inelastic proton scattering from I6O [completed], O. Hausser (TRIUMF-SFU), B.
Larson, J. Mildenberger, M. Vetterli (Simon Fraser Univ.), R. Abegg, D. Frekers, R.L. Helmer, K.P. Jackson,
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C.A. Miller, S. Yen (TRIUMF), R, Jeppesen (LANL), R. Schubank (Univ. of Saskatchewan), K. Hicks (Ohio
Univ.) R. Henderson (TRIUMF-Univ. of Melbourne), C. Olmer, E.G. Stephenson (IUCF), W.P. Alford, A.
Celler (Univ. of Western Ontario)

433. Neutron-proton charge exchange amplitudes [completed], R. Abegg, P.W. Green, L.G. Greeniaus, K.P. Jackson,
C.A. Miller (TRIUMF), G.C. Neilson, Y. Ye (Univ. of Alberta), W.P. Alford (Univ. of Western Ontario), J.M.
Cameron (IUCF), I. van Heerden (Univ. of Western Cape, S.A.), J.W. Watson (Kent State Univ.), G.A. Moss
(Science World)

434. Spin isovector monopole search with the 12OSn(n, p) reaction [completed], M.A. Moinester, A.I. Yavin (Tel-Aviv
Univ.), S. Long, B. Spicer (Univ. of Melbourne), R. Henderson (TRIUMF-Univ. of Melbourne), D. Frekers,
R. Helmer, K.P. Jackson, S. Yen (TRIUMF), O. Hausser (TR'UMF-SFU), M. Vetterli (Simon Fraser Univ.),
W.P. Alford, A. Celler (Univ. of Western Ontario), R. Pourang, J. Watson (Kent State Univ.), R. Jeppesen,
N. King (Los Alamos National Lab)

435. Measurement of spin flip probabilities with the (p, n) reaction [inactive], R. Abegg, D. Frekers, R. Helmer, K.P.
Jackson, C.A. Miller, S. Yen (TRIUMF), O. Hausser (SFU-TRIUMF), M. Vetterli (Simon Fraser Univ.),W.P.
Alford, A. Celler (Univ. of Western Ontario), R. Jeppesen (Los Alamos National Lab), W.C. Olsen (Univ. of
Alberta), R. Henderson (Univ. of Melbourne-TRIUMF), J. Watson (Kent State Univ.)

436. Isovector spin-dipole giant resonance in (sd) shell nuclei [completed data-taking], W.P. Alford, A. Celler (Univ.
of Western Ontario), R. Abegg, D. Frekers, R. Helmer, K.P. Jackson, C.A. Miller, S. Yen (TRIUMF), O.
Hausser (TRIUMF-SFU), M. Vetterli (Simon Fraser Univ.), R. Henderson (TRIUMF-Univ. of Melbourne),
M. Moinester, A. Yavin (Tel-Aviv Univ.), K. Hicks (Ohio Univ.), R. Jeppesen (Los Alamos National Lab), J.
Watson (Kent State Univ.)

437. Measurement of absolute cross section for uC(p, n)14N (2.31+3.95 MeV) [completed data-taking], W.P. Alford,
A. Celler (Univ. of Western Ontario), R. Helmer, R. Abegg, D. Frekers, K.P. Jackson, C.A. Miller, S. Yen
(TRIUMF), O. Hausser (TRIUMF-SFU), M. Vetterli (Simon Fraser Univ.), R. Henderson (TRIUMF-Univ.
of Melbourne), M. Moinester, A. Yavin (Tel-Aviv Univ.), K. Hicks (Ohio Univ.), J. Watson (Kent State Univ.),
R. Jeppesen (Los Alamos National Lab)

438. 7 0"'7 4Ge(n,p)7 0 7 2 '7 4Ga: Shell model blocking effects on Gamow-Teller strength in the fp shell [completed
data-taking], A. Trudel, M. Vetterli (Simon Fraser Univ.), D. Frekers, K.P. Jackson, S. Yen (TRIUMF), O.
Hausser (TRIUMF-SFU), A. Celler (Uviv. of Western Ontario), R. Jeppesen (Los Alamos National Lab), G.
Fuller (Lawrence Livermore National Lao), K. Hicks (Ohio Univ.)

439. The (n,p), (p,p') and (p,n) reactions on MN [completed data-taking], D. Frekers, R. Helmer, K.P. Jackson
(TRIUMF), W.P. Alford, A. Celler (Univ. of Western Ontario), A.I. Yavin (Tel-Aviv Univ.), O. Hausser (SFU-
TRIUMF), A. Trudel, M. Vetterli (Simon Fraser Univ.), R.E. Azuma (Univ. of Toronto), R. Henderson (Univ.
of Melbourne-TRIUMF)

440. Muon catalyzed fusion in HD and H2+D2 gaseous mixtures [completed data-taking], K.A. Aniol, M.B. Ep-
stein, D.J. Margaziotis (California State Univ. LA), D.F. Measday, A.J. Noble, S. Stanislaus (Univ. of British
Columbia), B. Robertson (Queen's Univ.), D. Horvath (Central Research Inst. for Physics, Budapest), S.E.
Jones (Brigham Young Univ.), A. Anderson (Idaho Research Software and Idaho State Univ.)

441. Amplitude determination of the pion-nucleon elastic scattering reaction. Part I: Analysing power [completed
data-taking], D.R. Gill, D. Healey, D. Ottewell, G.R. Smith, G.D. Wait (TRIUMF), J.T. Brack, J.J. Kraushaar,
R.J. Peterson, R.A Ristinen (Univ. of Colorado), R.R. Johnson (TRIUMF-UBC), G. Jones, R. Olszewski, M.E.
Sevior, R.P. Trelle (Univ. of British Columbia), E.L. Mathie (Univ. of Regina)

442. A dependence of the (1, 2JC) process through the study of 2OSPb(jr+,7r~A') with X = x+ and p reaction at
Tn = 240 and 280 MeV [completed data-taking], K, Grion, R. Rui (INFN-Trieste & Univ. di Trieste), D.R. Gill,
G. Sheffer, G.R. Smith (TRIUMF), R.R. Johnson (TRIUMF-UBC), M. Hanna, J. McAlister, R. Olszewski,
C. Ponting, M. Rozon, M. Sevior, V. Sossi (Univ. of British Columbia), E. Oset, M.J. Vicente-Vacas (Univ. de
Valencia)

443. Study of the T + + d -> JT~ + JT+ +p + p reaction at T* = 250, 280 MeV [inactive], N. Grion, R. Rui (INFN
Trieste & Univ. di Trieste), D.R. Gill, G. Sheffer, G. Smith (TRIUMF), R.R. Johnson (TRIUMF-UBC), M.
Hanna, J. McAlister, R. Olszewski, C. Ponting, F.M. Rozon, M. Sevior, V. Sossi (Univ. of British Columbia),
E. Oset, M.J. Vicente-Vacas (Univ. de Valencia)

444. Double charge exchange reaction studies on helium above the resonance [inactive], R.R. Johnson (TRIUMF-
UBC), K.L. Erdman, M. Hanna, R. Olszewski, F.M. Rozon, M. Sevior, V. Sossi, P. Trelle (Univ. of British
Columbia), D.R. Gill, G. Smith (TRIUMF), N. Grion (INFN Trieste), R. Rui (Univ. di Trieste), C.A. Wiedner
(MPI, Heidelberg), Z. Wu (UBC/IHEP)
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445. Polarization measurement in the 3He(]r+,pp)p reaction [active], H. Aclander, A. Altman, D. Ashery, M.A.
Moinester, S. May-Tal Beck, S. Ram, D. Trumer (Tel-Aviv Univ.), G. Jones, M. Pavan, A. Feltham (Univ. of
British Columbia), A. Rahav (Simon Fraser Univ.), J. Niskanen (Univ. of Helsinki)

446. Pion-proton bremsstrahlung [completed data-taking], F. Farzanpay, P. Fuchs, A.W. Stetz, L.W. Swenson (Ore-
gon State Univ.), P. Hitching (Univ. of Alberta-TRIUMF), D. Mack, W.C. Olsen (Univ. of Alberta), D. Ot-
tewell, G.R. Smith, Zhang Nai-sen (TRIUMF), N. Stevenson (Univ. of Saskatchewan), R. Henderson (Univ. of
Melbourne-TRIUMF)

447. LCR of Mu-radicals in micelles [completed], M.V. Barnabas, K. Venkateswaran, D.C. Walker (Univ. of British
Columbia), J.M. Stadlbauer (Hood College), B.W. Ng (Winona State Univ.), Wu Zhennan (USTC, Hefei)

448. Muon spin relaxation experiments on site-diluted random antiferromagnet (MnZn)Fj [completed], G.M. Luke,
Y.J. Uemura (Columbia Univ.), R. Keitel, R.F. Kiefl (TRIUMF), J.H. Brewer, S.R. Kreitzman, D.R. Noakes
(Univ. of British Columbia), E.J. Ansaldo (Univ. of Saskatchewan), K.M. Crowe, A.M. Portis (Univ. of Cali-
fornia, Berkeley), V. Jaccarino (Univ. of California, Santa Barbara)

449. Nuclear hyperfine parameters of Mu and Mu* states via radio-frequency resonance [active], J.H. Brewer,
S. Kreitzman, G. Luke, D.LI. Williams (Univ. of British Columbia), E. Ansaldo (Univ. of Saskatchewan),
T. Estle (Rice Univ.), R. Kiefl (TRIUMF)

450. /JSR studies of sub- and supercritical fluids [completed], K.E. Newman (Univ. de Sherbrooke), D.J. Arseneau,
D.G. Fleming, A.C. Gonzalez, J.R. Kempton, J. Pan, I.D. Reid, M. Senba (Univ. of British Columbia), J.C.
Brodovitch, P.W. Percival (Simon Fraser Univ.)

452. Radiative muon capture on hydrogen [active], G. Azuelos (Montre'al-TRIUMF), R. Henderson, J. Macdonald,
J.-M. Poutissou, D.H. Wright (TRIUMF), P. Gumplinger, M. Hasinoff, W. Schott (Univ. of British Columbia),
P. Depommier, B. Doyle, G. Jonkmans, R. Poutissou (Univ. de Montre'al), D.S. Armstrong, M. Blecher (Virginia
Polytechnic Inst. & SU), B. Robertson (Queen's Univ.), W. Bertl (PSI), C-Q. Chen (IHEP, Beijing) T. von
Egidy (Tech. Univ. Munich), S.C. McDonald, M. Munro, G.N. Taylor (Univ. of Melbourne), T. Gorringe (Univ.
of Kentucky), A. Larabee (Buena Vista College) 6

453. Muonic hydrogen in vacuum [completed], J. Beveridge, J.A. Macdonald, G.M. Marshall, M. Senba. (TRIUMF),
G.A. Beer, P.E. Knowles, G.R. Mason, A. Olin, M. Szczodrak (Univ. of'Victoria), J.H. Brewer, B.M. Forster,
R. Jacot-Guillarmod, W. Hardy (Univ. of British Columbia), J.M. Bailey (Univ. of Liverpool), T.M. Huber
(Gustavus Adolphus College), A.R. Kunselmen (Univ. of Wyoming)

454. Investigations of hidden processes in muon catalyzed (dtp) fusion with photon measurements [completed data-
taking], R. Kadona, Y. Miyake, K. Nagamine, K. Nishiyama, Y. Watanabe (Univ. of Tokyo), K. Ishida, T.
Matsuzaki (RIKEN), Y. Kuno (Univ. of British Columbia), S.E. Jones (Brigham Young Univ.), H.R. Maltrud
(Los Alamos National Lab)

455. Search for wake riding electron states induced by negative muons in solids [deferred], Y. Yamazaki (Tokyo
Inst. of Technology), F. Fujimoto, K. Komaki, T. Matsuzaki, K. Nagamine, K. Nishiyama, A. Otuka (Univ. of
Tokyo)

456. /i~SR studies on relaxation and chemical reactions of muonic rare gas atoms [deferred], R. Kadono, T. Kondow,
K. Kuchilsu, K. Nagamine, T. Nagata, K. Nishiyama, T. Yamazaki (Univ. of Tokyo)

457. Studies of chemical effects on atomic negative muon capture in various chemical systems using slow negative
muon beam [deferred], M.K. Kubo, K. Nagamine, T. Tominaga, Y. Sakai (Univ. of Tokyo)

458. Hyperfine phenomena probed by /i~SR [deferred], R. Kadono, Y. Miyake, K. Nagamine, K. Nishiyama (Univ.
of Tokyo), M. Molokatva (Kobe Univ.)

459. Exchange effects in 0+ - • 0~ inelastic scattering III [completed), R.E. Azuma, C. Chan, T.E. Drake, J.D. King,
L. Lee, R. Schubank, S.S.M. Wong, X. Zhu (Univ. of Toronto), R. Abegg, L. Buchmann, D. Frekers, R. Helmer,
K.P. Jackson, C.A. Miller, S. Yen (TRIUMF), E. Rost (Univ. of Colorado), K. Sawafta (IUCF) 32

460. A measurement of the cross section and analysing power of the pn —> pp(l So)ir~ reaction at TRIUMF energies
[completed data-taking], D. Gill, P. Hutcheon, P.L. Walden (TRIUMF), D. Ashery, M.A. Moinester, A.I. Yavin
(Tel-Aviv Univ.), R.R. Johnson (TRIUMF-UBC), F. Duncan, R. Olszewski, C. Ponting, M. Sevior, P. Trelle
(Univ. of British Columbia), B. Mayer (DPhN/ME Saclay) 34

461. /iSR studies of dioxygen and ethylene physisorbed on pure silica powder [completed data-taking], R.F. Marzke
(Arizona State Univ.), D.G. Fleming, (Univ. of British Columbia), M. Senba (TRIUMF-UBC), J.C. Brodovitch,
P.W. Percival (Simon Fraser Univ.) 77

462. Quasi-elastic scattering from 16O, 12C and *lle [completed data-taking], C. Chan, T. Drake, L. Lee (Univ. of
Toronto), R. Abegg, D. Frekers, D. Hutcheon, J. Iqbal, C.A. Miller, S. Yen (TRIUMF), O. Hausser (TRWMF-
SFU), K. Hicks (Ohio Univ.), C. Horowitz (MIT)
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463. Mu on-nuclear-spin double relaxation measurements of itinerant magnets in the critical temperature region [ac-
tive], R. Kadono (RIKEN), T. Yamazaki (INS, Univ. of Tokyo), J.H. Brewer, K. Chow, S.R. Kreitzman, T.M.
Riseman (Univ. of British Columbia), J.W. Schneider (TRWMF), C. Niedermayer (UBC-Univ. Konstanz) 78

464. Low frequency excitations in disordered magnets [inactive], S.A. Dodds (Rice Univ.), J.H. Brewer (Univ. of
British Columbia), E.J. Ansaldo (Univ. of Saskatchewan), D. Noakes (Chalk River Nuclear Labs)

466. Measurement of np — die0 cross sections near threshold [completed data-taking], R. Abegg, L.G. Greeniaus,
D.A. Hutcheon, C.A. Miller (TRWMF), G.W.R. Edwards, W.C. Olsen, Ye Yan-lin (Univ. of Alberta), G.A.
Moss (Science World), I.J. van Heerden (Univ. of West Cape)

467. Radiobiology of high-energy neutrons [inactive], G. Lam (Cancer Control Agency of B.C.), H. Dougan, J.
Vincent (TR1UMF), D. Chaplin, R. Durand, L. Skarsgard (B.C. Cancer Research Centre)

468. Isovector 1+ — 0+ transitions in the y4=6 system [completed data-taking], O. Hausser (SFU-TRIUMF), B.
Larson, B. Pointon, A. Trudel, M. Vetterli ("Simon Fraser Univ.), R. Abegg, D. Frekers, R. Helmer, K.P. Jackson
(TRIUMF), W.P. Alford, A. Celler (Univ. of Western Ontario), B. Spicer (Univ. of Melbourne), R. Henderson
(TRJUMF-Univ. of Melbourne), K. Hicks (Ohio Univ.), R. Jeppesen (Los Alamos National Lab)

469. /iSR study of high-temperature superconductors [completed], J.H. Brewer, A.C. Chaklader, R. Cline, W.N.
Hardy, S.R. Kreitzman, G.M. Luke, T. Riseman (Univ. of British Columbia), R. Kiefl (TRIUMF), G. Aeppli,
B. Batlogg, D.R. Harshman (AT&T Bell Labs), E.J. Ansaldo (Univ. of Saskatchewan), S. Dodds (Rice Univ.),
C.Y. Huang (Lockheed), W.J. Kossler (College of William & Mary), T. Yamazaki (Univ. of Tokyo), N. Nishida
(Tokyo Inst. Technology), H. Yasuoka (ISSP, Tokyo), A.M. Portis (Univ. of California Berkeley), Y.J. Uemura
(Columbia Univ.), M. Celio (ETH Zurich)

470. Stretched states excited in (n,p) reactions on l 4C, 26Mg and 30Si [completed data-taking], B.D. Anderson, R.
Madey, D.M. Manley, J. Watson (Kent State Univ.), R. Helmer, K.P. Jackson, C.A. Miller, S. Yen (TRIUMF),
O. Hausser (SFU-TRIUMF), A. Trudel (Simon Fraser Univ.), W.P. Alford, A. Celler (Univ. of Western
Ontario), R. Henderson (TRIUMF-Univ. of Melbourne) 34

471. Differential cross sections for T±p elastic scattering at 87 to 143 MeV [completed data-taking], M.D. Kohler,
J.J. Kraushaar, B.J. Kriss, R.A. Loveman, R.J. Peterson, R.A. Ristinen, Kamran Vaziri (Univ. of Colorado),
D.R. Gill, D.F. Ottewell, G.R. Smith (TRIUMF), R.R. Johnson (TRIUMF-UBC), J.T. Brack, R. Olszewski,
M. Sevior, R.P. Trelle (Univ. of British Columbia), E.L. Mathie (Univ. of Regina) M. Pavan, D. Vetterli, E.
Gibson (California State Univ., Sacramento) 34

472. Measurement of B+(GT) for 76Se using the (n,p) reaction [completed data-taking], R. Abegg, D. Frekers,
R. Helmer, K.P. Jackson, C.A. Miller, S. Yen (TRIUMF), O. Hausser (SFU-TRIUMF), A. Trudel, M. Vetterli
(Simon Fraser Univ.), W.P. Alford, A. Celler (Univ. of Western Ontario), W.C. Olsen (Univ. of Alberta), R.
Henderson (TRIUMF-Univ. of Melbourne), R. Jeppesen (Los Alamos National Lab)

473. Quasi-elastic scattering of Is state nucleons in light nuclei [completed data-taking], R. Abegg, D. Frekers, L.G.
Greeniaus, D.A. Hutcheon, C.A. Miller (TRIUMF), P. Kitching (TRIUMF-Univ. of Alberta), M. Ahmad, W.J.
McDonald, Y. Ye (Univ. of Alberta), R. Schubank (Univ. of Saskatchewan), J.W. Watson (Kent State Univ.),
K. Hicks (Ohio Univ.), N. Chant (Univ. of Maryland) 36

474. Orbital-spin interference from GT-MX comparisons in (sd) shell nuclei [completed data-taking], O. Hausser
(TRIUMF-SFU), R. Henderson (TRIUMF-Univ. of Melbourne), R. Helmer, K.P. Jackson (TRIUMF), B.
Larsen, B. Pointon. A. Trudel, M. Vetterli (Simon Fraser Univ.), W.P. Alford (Univ. of Western Ontario),
K. Hicks (Ohio Univ.), R. Jeppesen (Los Alamos National Lab), A. Richter (T.H. Darmstadt)

475. Quasielastic analyzing powers using the (p, n) reaction [completed], K. Hicks (Ohio Univ.), D. Frekers, R.
Helmer, J. Iqbal, K.P. Jackson, S. Yen (TRIUMF), O. Hausser (TRIUMF-SFU), A. Trudel, M. Vetterli (Si-
mon Fraser Univ.), W.P. Alford, A. Celler (Univ. of Western Ontario), R. Henderson (TRIUMF-Univ. of
Melbourne), R. Jeppesen (Los Alamos National Lab) 38

476. Nuclear spin response using the (p,p'i) reaction [completed data-taking], K. Hicks (Ohio Univ.), L. Armen-
darez, M. Kovash, M.A. Pickar (Univ. of Kentucky), A. Trudel, M. Vetterli (Simon Fraser Univ.), R. Henderson
(TRIUMF-Univ. of Melbourne), N.S.P. King (Los Alamos National Lab), N.W. Hill (Oak Ridge National Lab),
J. Shepard (Univ. of Colorado), K. Abegg, A. Celler, K.P. Jackson, S. Yen (TRIUMF) 38

477. The electronic structure of muonium in the cuprous halides [active], R.F. Kiefl (TRIUMF-UBC), S.A. Dodds,
T.L. Estle (Rice Univ.), E.J. Ansaldo (Univ. of Saskatchewan), K. Chow, T. Riseman (Univ. of British
Columbia), R.C. DuVarney (Emory Univ.), R. Kadono (h'EK), S. Kreitzman, J.W. Schneider, C. Zhang (TRI-
UMF), R.L. Lichti (Texas Tech. Univ.), C. Schwab (Univ. Louis Pasteur)

478. Proton-induced TNN resonances [completed data-taking], R. Abegg, D. Frekers, P.W. Green, D.A. Hutcheon,
C.A. Miller, S. Yen (TRIUMF), C. Chan (Univ. of Toronto), R. Schubank (Univ. of Saskatchewan), P. Trelle
(Univ. of Colorado)
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479. Study of relativjstic medium effects through Av(6) measurements for quasielastic scattering in 58Ni [inactive],
D.K, McDaniels, Z. Tang, Z. Xu (Univ. of Oregon), X.Y. Chen, F. Farzanpay, L.W. Swenson (Oregon State
Univ.), K. Hicks (Ohio Univ.), 0 . Hausser (TRIUMF-SFU), M. Vetterli (Simon Fraser Univ.), F. Bertrand,
D. Horen, J. Lisantti (Oak Ridge National Lab)

480. The spectral function of p+n in "Li from the 5Li(p,p»)pn reaction [completed data-taking], R.E. Warner
(Oberlin College and Univ. of Notre Dame), S.E. Darden, J.J. Kolata (Univ. of Notre Dame), R. Helmer
(TRIUMF), C.A. Davis (Utiv. of Manitoba), P. Schwandt (Indiana Univ.), A. Galonsky, L. Heilbronn, D.
Krofcheck (Michigan State Univ.), F.D. Becchetti (Univ. of Michigan), C.F. Perdrisat, V. Punjabi (College of
William and Mary)

482. Measurements of spin transfer coefficients in pd elastic scattering [completed data-taking], R. Abegg, R. Helmer,
D.A. Hutcheon (TRIUMF-Univ. of Alberta), O. Hausser, N. Stevenson, S. Yen (TRIUMF), N. Kolb, E. Ko-
rkmaz, W.C. Olsen (Univ. of Alberta), C.A. Davis (TRIUMF-Univ. of Manitoba), D. Mack (CEBAF), C.A.
Gossett (Univ. of Washington) 39

483. An initial look at the (p, x+d) reaction as a nuclear probe [inactive], D. Frekers, M.J. Iqbal, P.L. Walden, S.
Yen (TRIUMF), E.G. Auld, F. Duncan (Univ. of British Columbia), R.D. Bent (Indiana Univ.), W.R. Falk,
K. Furutani (Univ. of Manitoba), G.J. Lolos (Univ. of Regina), K. Hicks (Ohio Univ.)

484. Measurement of the spin dipole resonance with 40Ca(n,p)40K at 300 MeV [completed data-taking], R. Abegg,
R. Helmer, K.P. Jackson, S. Yen (TRIUMF), J. Mildenberger, A. Trudel, M. Vetterli (Simon Fraser Univ.), O.
Hausser (TRIUMF-SFU), W.P. Alford, A. Celler (Univ. of Western Ontario), R. Henderson (TRIUMF-Univ.
of Melbourne) R. Jeppesen (Los Alamos National Lab)

485. ISN(n,p) ISC: An investigation of single particle spin dipole transitions [completed], W.P. Alford, A. Celler
(Univ. of Western Ontario), R. Abegg, D. Frekers, R. Helmer, K.P. Jackson, S. Yen (TRIUMF), W.P. Alford
(Univ. of Western Ontario), O. Hausser (SFU-TRIUMF), A. Trudel, M. Vetterli (Simon Fraser Univ.), R.
Henderson (TRIUMF-Univ. of Melbourne), R. Jeppesen (Los Alamos National Lab)

486. Spin isovector giant resonances in deformed nuclei [completed data-taking], S.A. Long, K. Raywood, G.G. Shute,
B.M. Spicer (Univ. of Melbourne), R. Henderson (TRIUMF-Univ. of Melbourne), D. Frekers, R. Helmer, K.P.
Jackson, S. Yen (TRIUMF), O. Hausser (TRIUMF-SFU), M. Vetterli (Simon Fraser Univ.), W.P. Alford, A.
Celler (Univ. of Western Ontario), M.A. Moinester, A.I. Yavin (Tel-Aviv Univ.), R. Jeppesen, N. King (Los
Alamos National Lab) 39

488. (n,p) on helium isotopes [completed data-taking], R. Abegg, D. Frekers, R. Helmer, K.P. Jackson, C.A. Miller,
S. Yen (TRIUMF), M. Moinester (Tel-Aviv Univ.), O. Hausser (TRIUMF-SFU), B. Pointon, A. Trudel, M.
Vetterli (Simon Fraser Univ.), W.P. Alford, A. Celler (Univ. of Western Ontario), R. Henderson (TRIUMF-
Univ. of Melbourne), K. Hicks (Ohio Univ.), R. Jeppesen (Los Alamos National Lab)

489. GT-Af 1 comparison and isovector spin-dipole strength in (sd) shell nuclei [completed data-taking], O. Hausser
(TRIUMF-SFU), 3. Mildenberger, B. Pointon, A. Trade), (Simon Fraser Univ.), W.P. Alford, A. Celler (Univ.
of Western Ontario), R. Abegg, K. Ferguson, R. Helmer, R. Henderson, K.P. Jackson, C.A. Miller, M. Vetterli
(TRIUMF)

490. Calibration of <r/B(GT) at 300 MeV using the (p,r») reaction on 27A1 and S8Ni [completed data-taking], B.
Larsen, J. Mildenberger, B. Pointon, A. Trudel, M. Vetterli (Simon Fraser Univ.), O. Hausser (TRIUMF-
SFU), R. Helmer, K.P. Jackson, S. Yen (TRIUMF), A. Celler (Univ. of Western Ontario), R. Henderson
(TRIUMF-Univ. of Melbourne), K. Hicks (Ohio Univ.), R. Jeppesen (Los Alamos National Lab)

491. 45Sc(n,p)45Ca and 4SSc(p, n)45Ti: A significant test of model calculations in the (fp) shell [complete], W.P. Alford,
A. Celler (Univ. of Western Ontario), R. Abegg, K. Ferguson, R. Helmer, K.P. Jackson, S. Yen (TRIUMF),
S. Long, K. Raywood (Univ. of Melbourne), B.A. Brown (Michigan State Univ.)

492. Enhancement of the 5 = 1, T = 0 nuclear response in pion scattering [completed data-taking], O. Hausser
(SFU-TRIUMF), J. Mildenberger, A. Trudel, M. Vetterli (Simon Fraser Univ.), D. Frekers, R. Helmer, K.P.
Jackson, C.A. Miller, D. Ottewell, S. Yen (TRIUMF), R.R. Johnson (TRIUMF-UBC), M. Sevior (Univ. of
British Columbia), W.P. Alford, A. Celler (Univ. of Western Ontario), R. Henderson (TRIUMF-Univ. of
Melbourne), G.A. Moss (Univ. of Alberta), K. Hicks (Ohio Univ.), R. Jeppesen (Los Alamos National Lab), R.
Ristinen (Univ. of Colorado)

493. /iSR study of exotic single crystal superconductors [completed], G. Aeppli, B. Batlogg, D.R. Harshman, L.
Remeika, L. Scheemeyer (AT&T Bell Laboratories), E. Bucher (AT&T Bell Labs & Univ. Konstanz), R. Kiefl
(TRIUMF), E.J. Ansaldo (Univ. of Saskatchewan), T. Riseman, D.LI. Williams (Univ. of British Columbia),
G.M. Luke (Columbia Univ.)
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494. Superconductivity and magnetism of heavy-fermion and high-Tc related systems: Muon spin rotation study
combined with neutron scattering [completed], G.M. Luke, A. Moodenbaugh, Y.J. Uemura (Columbia Univ.),
J.H. Brewer, S.R. Kreitzman, T. Riseman (Univ. of British Columbia), R.F. Kiefl (TRIUMF), S.D. Dodds
(Rice Univ.), MB. Maple, M. Torikachvili (Univ. of California, San Diego), DC. Johnston (Iowa State Univ.
and Ames Lab), W.J. Kossler, X.H. Yu (College of William and Mary), C.E. Stronach (Virginia State Univ.),
Y. Hidaka, T. Murakami (Nihon Telephone and Telegraph), Y. Oonuki (Tsukuba Univ.)

495. Studies of oxide superconductors by negative muons [active], R. Kadono, K. Nagamine,
K. Nishiyama, T. Yamazaki, H. Yasuoka (Univ. of Tokyo), N. Nishida (Tokyo Inst. of Technology), J.H. Brewer
(Univ. of British Columbia), R. Kiefl (TRIUMF)

496. Measurements of the angular distribution of the spin transfer parameter DLS in PP —» d*+ [active], R. Abegg,
P.W. Green, L.G. Greeniaus, D.A. Hutcheon (TRIUMF-Univ. of Alberta), E. Korkmaz, D. Mack, G.A. Moss,
W.C. Olsen, Y. Ye (Univ. of Alberta), N.R. Stevenson (TRIUMF) 40

497. Measurement of the flavour-conserving hadronic weak interaction [active], A.R. Berdoz, J. Birchall, J.R. Camp-
bell, N.E. Davison, A. Hamian, S.A. Page, W.D. Ramsay, A.M. Sekulovich, W.T.H, van Oers (Univ. of Man-
itoba), C.A. Davis, D.C. Healey, R. Helmer, P. Levy, P.W. Schmor (TRIUMF), P.W. Green, E. Korkmaz, G.
Roy, J. Soukup, G.M. Stinson, T. Stocki (Univ. of Alberta), J.D. Bowman, R.E. Mischke (Los Alamos National
Lab) N.A. Titov, A.N. Zelenskii (INR, Moscow) 7

498. Analysing power zero crossing angles in np elastic scattering below 300 MeV [active], J. Birchall, C.A. Davis,
N.E. Davison, S.A. Page, W.D. Ramsay, W.T.H. van Oers (Univ. of Manitoba), L.G. Greeniaus (TRIUMF)

500. Formation, relaxation and LCR spectroscopy of muonated radicals in the gas phase [active], D.J. Arseneau,
D.G. Fleming, JR . Kempton, M. Senba, K. Venkateswaran (Univ. of British Columbia), J.C. Brodovitch, P.W.
Percival (Simon Fraser Univ.), DM. Garner (TRIUMF), S.F.J. Cox (Rutherford Appleton Lab), E. Roduner
(Univ. Zurich) 78

501. Study of the 16O(ir+, T + T " ) reaction at TT+ = 240 MeV [completed data-taking], N. Grion (INFN-Trieste),
P. Camerini, R. Rui (Univ. di Trieste), E. Oset, M. Vicente-Vacas (Univ. Valencia), G.R. Smith (TRIUMF),
M. Hanna, R. Olszewski, M. Rozon, M. Sevior, V. Sossi (Univ. of British Columbia), R.R. Johnson (TRIUMF-
UBC), R.P. Trelle (Univ. of Colorado)

502. Measurement of analysing powers in low-energy rd elastic scattering [completed data-taking], R.B. Schubank,
Y.M. Shin, N.R. Stevenson (Univ. of Saskatchewan), P. Delheij, D.R. Gill, D. Healey, G.R. Smith, G.D. Wait
(TRIUMF), R.R. Johnson (TRIUMF-UBC), M. Hanna, J. McAlister, V. Sossi, P. Weber (Univ. of British
Columbia), E.L. Mathie (Univ. of Regina), R.A. Ristinen, R.P. Trelle (Univ. of Colorado)

503. Search for a xNN bound state [inactive], R.A. Ristinen, R.P. Trelle (Univ. of Colorado), R.R. Johnson
(TRIUMF-UBC), D. Frekers, D.R. Gill, D. Ottewell, G.R. Smith (TRIUMF), R. Olszewski, M.F. Rozon,
M.E. Sevior, P. Weber (Univ. of British Columbia), R. Schubank, N.R. Stevenson (Univ. of Saskatchewan),
E.L. Mathie (Univ. of Regina)

504. Analyzing powers for i * 13C scattering at T,=100 MeV, [completed], D.R. Gill, D. Ottewell, G.R. Smith,
G.D. Wait (TRIUMF), R.R. Johnson (TRIUMF-UBC), J.T. Brack R. Olszewski, M.E. Sevior (Univ. of British
Columbia), R. Rui (INFN Trieste), E.L. Mathie, V. Pafilis (Univ. of Regina), R.B. Schubank, N.R. Stevenson
(Univ. of Saskatchewan), 3.3. Kraushaar, R.J. Peterson, R.A. Ristinen, R.P. Trelle (Univ. of Colorado), G.S.
Kyle (New Mexico State Univ.), D. Dehnhard (Univ. of Minnesota) 40

£05. Total absorption cross sections at low energies [completed], E. Friedman, A. Gold ring (Hebrew Univ. of Jerusalem),
R.R. Johnson, O. Meirav, D. Vetterli, P. Weber (Univ. of British Columbia), A. Altman (Soreq NRC)

506. Low energy x + d —• 2p analysing powers [active], G.M. Huber, E.L. Mathie, S.I.H. Naqvi, D.M. Yeomans
(Univ. of Regina), D. Healey, D. Ottewell, R. Tacik (TRIUMF), M. Pavan (Univ. of British Columbia) 43

508. Study of the ic+ + d — ir~ + ir+ + p •+• V reaction at T,+ = 270 MeV [active], P. Camerini, R. Rui (Univ.
di Trieste), N. Grion (INFN Trieste), E. Oset, M.J. Vicente-Vacas (Univ. Valencia), G.R. Smith (TRIUMF),
R.R. Johnson (TRIUMF-UBC), M. Hanna, R. Olszewski, F.M Rozon, M. Sevior, V. Sossi (Univ. of British
Columbia), P. Trelle (Univ. of Colorado)

510. Cross-section measurements for the production of I86Re from the spallation of 197Au with 425-500 MeV protons
[active], T.J. Ruth (TRIUMF), J.M. D'Auria, S. Gardner (Simon Fraser Univ.), C. Schell (Univ. of British
Columbia)

511. Pion transfer in hydrogenous materials [completed data-taking], D. Armstrong, D.F. Measday, S. Stanislaus
(Univ. of British Columbia), M. Harston (Univ. of Surrey), D. Horvath (Central Research Inst., Budapest), K.
Aniol (California Stale Univ., LA)
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512. Analysing powers in the 13C()r, *') reaction between 100 and 300 MeV [deferred], D.R. Gill, D. Ottewell,
G.R. Smith, G.D. Wait (TRIUMF), R.R. Johnson (TRIUMF-UBC), R. Olszewski, M.E. Sevior (Univ. of
British Columbia), R. Rui (INFN Trieste), E.L. Mathie, V. Pafiiis (Univ. of Regina), R.B. Schubank, N.R.
Stevenson (Univ. of Saskatchewan), J. Brack, J.J. Kraushaar, R.J. Peterson, R.A. Ristinen, R.P. Trelle (Univ.
of Colorado), G.S. Kyle (New Mexico State Univ.), D. Dehnhard (Univ. of Minnesota)

513. Angular correlations in the 12C(X,T'"/) reaction between 100 and 300 MeV [deferred], D.R. Gill, D. Ottewell,
G.R. Smith, G.D. Wait (TRIUMF), R. Olszewski, M.E. Sevior (Univ. of British Columbia), R.R. Johnson
(TRIUMF-UBC), R. Rui (INFN Trieste), E.L. Mathie, V. Pafiiis (Univ. of Regina), R.B. Schubank, N.R.
Stevenson (Univ. of Saskatchewan), J. Brack, J.J. Kraushaar, R.J. Peterson, R.A. Ristinen, R.P. Trelle (Univ.
of Colorado)

514. The pion-deuteron breaking reaction with CLASS [deferred], G.J. Lolos, E.L. Mathie, S.I.H. Naqvi (Univ. of
Regina), G.R. Smith (TRIUMF)

515. Pion bremsstrahlung with negative pions [deferred], P. Kitching (TRIUMF-Univ. of Alberta), F. Farzanpay, P.
Fuchs, A.W. Stetz, L.W. Swenson, N. Wen (Oregon State Univ.), G.R. Smith (TRIUMF), W.C. Olsen (Univ.
of Alberta), N. Stevenson (Univ. of Saskatchewan)

516. Angular distributions and energy dependence for d(-K+~,ir~+)rNN [deferred], R.A. Ristenen, R.P. Trelle
(Univ. of Colorado), D. Frekers, D.R. Gill, D. Ottewell, G.R. Smith (TRIUMF), R.R. Johnson (TRIUMF-
UBC), R. Olszewski, M.F. Rozon, M.E. Sevior, P. Weber (Univ. of British Columbia), E.L. Mathie (Univ. of
Regina), R. Schubank, N.R. Stevenson (Univ. of Saskatchewan), D. Ashery (Tel-Aviv Univ.)

517. Cross sections and analysing powers in the MfJ(jr, 2p) reaction between 100 and 300 MeV [deferred], D.R. Gill,
D. Ottewell, G.R. Smith, G.D. Wait (TRIUMF), R.R. Johnson (TRIUMF-UBC), R. Olszewski, M.E. Sevior
(Univ. of British Columbia), R. Rui (INFN Trieste), E.L. Mathie, V. Pafiiis (Univ. of Regina), R.B. Schubank,
N.R. Stevenson (Univ. of Saskatchewan), J. Brack, J.J. Kraushaar, R.J. Peterson, R.A. Ristinen, R.P. Trelle
(Univ. of Colorado), G. Kyle (New Mexico State Univ.), P. Roos (Univ. of Maryland)

518. Pion-induced pion production on 3He at threshold [deferred], R.A. Ristinen, R.P. Trelle (Univ. of Colorado), D.
Frekers, D.R. Gill, D. Ottewell, G.R. Smith (TRIUMF), R.R. Johnson (TRIUMF-UBC), R. Olszewski, M.E.
Sevior, P. Weber (Univ. of British Columbia), R. Rui (INFN Trieste), E.L. Mathie (Univ. of Regina), R.B.
Schubank, N.R. Stevenson (Univ. of Saskatchewan)

519. High dose rate effects in advanced radiation-hardened CMOS microelectronics [completed data-taking], F. Sexton,
J.R. Schwank, M.R. Shaneyfelt (Sandia National Laboratories),

520. /iSR test of mechanisms for high-Tc superconductivity [completed], I. Affleck, J.H. Brewer, J.F. Carolan, A.CD.
Chaklader, R. Cline, W.N. Hardy, J. Kempton, S.R. Kreitzman, T.M. Riseman, G. Roehmer, D.LI. Williams,
B.-X. Yang (Univ. of British Columbia), R. Kadono, R. Keitel, R.F. Kiefl (TRIUMF), E.J. Ansaldo (Univ. of
Saskatchewan), J. Greedan (McMaster Univ.), M. Ishikawa (ISSP, Tokyo), K. Nagamine, K. Nishiyama (Univ.
of Tokyo MSL), N. Nishida, S. Ohkuma (Tokyo Insl. of Technology), T. Yamazaki (Univ. of Tokyo), G.M.
Luke, Y.J. Uemura (Columbia Univ)

521. /iSR studies of (LaSr)CuO4, Ba(PbBi)O3 and (BaK)BiOa [active], G.M. Luke, B. Sternlieb, Y.J. Uemura
(Columbia Univ.), J.H. Brewer, J.R. Kempton, S.R. Kreitzman, T.M. Riseman, D.LI. Williams (Univ. of
British Columbia), R. Kadono, R. Kiefl (TRIUMF), W.J. Kossler, X.H. Yu (College of William & Mary), C.E.
Stronach (Virginia State Univ.), S. Uchida (Univ. of Tokyo), K. Kumagai (Hokkaido Univ.), A.W. Sleight (Du
Pont Exp. Station)

523. Pion absorption reactions4He, 6|7Li, 9Be, 12C(jr±,nJV),» > 1 with PALAS [deferred], G.J. Lolos, E.L. Mathie,
S.I.H. Naqvi (Univ. of Regina), M. Cornyn, D. Frekers, D. Ottewell (TRIUMF), D. Humphrey (Western Ken-
tucky Univ.)

524. Muonium reactivity enhancements [completed], G.B. Porter, D.C. Walker, Z. Wu (Univ. of British Columbia),
M.V. Barnabas (Argonne National Lab), K. Venkateswaran (Hindustan Lever Ltd.), J.M. Stadlbauer (Hood
College), B.W. Ng (Winona State Univ.) 79

525. Muonium studies on copolymerization in micelles [completed], D.C. Walker, Z. Wu (Univ. of British Columbia),
M.V. Barnabas (UBC-TRIUMF), G.B. Porter, K. Venkateswaran (TRIUMF), J.M. Stadlbauer (Hood College),
B.W. Ng (Winona State Univ.) 79

526. A study of the formation and de-excitation of excited nuclear matter [inactive], J.M. D'Auria, R.G. Korteling
(Simon Fraser Univ.), K.P. Jackson (TRIUMF), V. Viola (Indiana Univ.), K. Kwiatkowski (IUCF), S. Kauf-
man n (Argonne National Lab)

527. Slowing-down time of muons in gases [active], D.J. Arseneau, D.G. Fleming, A.C. Gonzalez, J.R. Kempton, J.
Pan, M. Senba (Univ. of British Columbia), D.M. Garner (TRIUMF) 79
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528. Muonium reactions with O2, CO and NO in high pressure moderators [active], D.J. Arseneau, D.G. Fleming, J.
Kempton, J. Pan, M. Senba (Univ. of British Columbia), A.C. Gonzalez (Univ. of Southern California), D.M.
Garner (TRIUMF) 81

529. Kinetic isotope effects in the muonium + hydrogen halides (Hx) gas reactions [active], D.J. Arseneau, D.G.
Fleming, J. Kempton, J.J. Pan, M. Senba, A. Terapelmann (Univ. of British Columbia), A.C. Gonzalez (Univ.
of Southern California), D.M. Garner (TRIUMF)

530. JT+ -proton total cross sections at low energies [completed], E. Friedman, A. Goldring (Hebrew Univ. Jerusalem),
R.R. Johnson, O. Meirav (Univ. of British Columbia), B.K. Jennings (TRIUMF), G. Wagner (Univ. Tubingen),
A. Altman (Soreq NRC)

531. /iSR study in trans-(CH)x [completed data-taking], S. Ikehata, K. Nagamine, K. Nishiyama, N. Oda (Univ. of
Tokyo)

532. Secondary electron emission in fi-foil interactions [active], T. Azuma, Y. Miyake, K. Nishiyama, Y. Watanabe,
Y. Yamazaki (Univ. of Tokyo), K. Nagamine (Univ. of Tokyo-RIKEN), T. Matsuzaki (RIKEN), K. Kuroki
(Inst. Police Science, Tokyo) 82

533. Studies on formation of mesomolecules by introduction of p~ in LiH and LiD [active], T. Kondow, Y. Miyake,
K. Nagamine, T. Nagata, K. Nishiyama (Univ. of Tokyo), K. Ishida, T. Matsuzaki (RIKEN)

534. Tissue chemical analysis with muonic X-rays [the first phase, active], Y. Hosoi, Y. Kakuto, K. Sakamoto, Y.
Takai (Tohoku Univ. School of Medicine), K. Nagamine (Univ. of Tokyo)

535. Search for deeply bound pionic states in heavy nuclei via pion transfer (n, p) reactions [completed], R.S. Hayano,
T. Yamazaki (Univ. of Tokyo), H. Toki (Tokyo Metropolitan Univ.), H. Sakai (Osaka Univ.), O. Hausser (SFU-
TRIUMF), K.P. Jackson (TRIUMF), A. Trudel, M.C. Vetterli (Simon Fraser Univ.)

536. The 6Li(/j~,2«)^ reaction [active], K. Kletch, T. Langen, C. Rangacharyulu, R.B. Schubank, Y.M. Shin,
N.R. Stevenson (Univ. of Saskatchewan), C. Kim (Univ. of Calgary)

537a. Radiative decay of the A resonance: Cross sections for ir~p —» 711 [active], D.F. Measday, A. Noble (Univ.
of British Columbia), E.C. Booth, D. Delli Carpini, J. Miller (Boston Univ.), D. Mack, S. Wood (CEBAF),
M. Kovash, M. Pickar, M. Wang (Univ. of Kentucky), B. Bassalleck, M. Halka (Univ. of New Mexico), M.
Moinester (Tel-Aviv Univ.), R. Jacot-Guillarmod, D. Ottewell (TRIUMF), S. Stanislaus (Los Alamos National
Lab), P. Weber (CERN) 43

537b. Radiative decay of the A resonance: Analyzing powers for r~p —• fn [active], B. Bassalleck, J. Stasko (Univ. of
New Mexico), E. Booth, M. Chertok, J. Miller (Boston Univ.), R. Jacot-Guillarmod, D. Ottewell (TRIUMF),
M.A. Kovash, M.A. Pickar (Univ. of Kentucky), D. Mack (CEBAF), D.F. Measday (Univ. of British Columbia),
M. Moinester (Tel Aviv), P. Weber (CERN) 44

538. Measurement oia/Bo-r for 13C [completed data-taking], J. Mildenberger, A. Trudel, M. Vetterli (Simon Fraser
Univ.), O. Hausser (SFU-TRIUMF), W.P. Alford, A. Celler, (Univ. of Western Ontario), R. Helmer, S. Yen
(TRIUMF)

539. Diffusion of light interstitials and the effect of conduction electrons [active], R. Kadono, R.F. Kiefl (TRIUMF),
J.H. Brewer, S.R. Kreitzman, G.M. Luke, T.M. Riseman, D.LI. Williams (Univ. of British Columbia), E.J.
Ansaldo (Univ. of Saskatchewan), T.L. Estle (Rice Univ.), M. Celio (Univ. Zurich), R. Wappling (Univ. of
Uppsala), J. Kondo (Electrotechnical Lab)

540. Spin response of magnetic dipole transitions in 158Gd [completed data-taking], R. Abegg, D. Frekers, R. Helmer,
C.A. Miller, K.P. Jackson, S. Yen (TRIUMF), R. Azuma, C. Chan, T. Drake, J. King (Univ. of Toronto), R.B.
Schubank (Univ. of Saskatchewan), A. Celler (Univ. of Western Ontario), M. Vetterli (Simon Fraser Univ.),
R. Richter, H.J. Stein (Univ. Darmstadt) 45

541. Spin-momentum correlations of nucleons in polarized 3He [completed data-taking], O. Hausser (SFU-TRIUMF),
P. Delheij, K.P. Jackson, C.A. Miller (TRIUMF), R. Woloshyn (TRIUMF-SFU), J. Mildenberger, M. Vetterli
(Simon Fraser Univ.), R. Henderson (Univ. of Melbourne-TRIUMF), T. Chupp (Harvard Univ.) 62

542. Spin-observables from 2iSi(p,p'y) [completed], K. Hicks (Ohio Univ.), A. Trudel, M. Vetterli (Simon Fraser
Univ.), O. Hausser (SFU-TRIUMF), C.A. Miller, S. Yen (TRIUMF), A. Celler (Univ. of Western Ontario), R.
Jeppesen, N.S.P. King, G. Morgan (Los Alamos National Lab), N. Hill (Oak Ridge National Lab), M. Kovash
(Univ. of Kentucky), R. Henderson (Univ. of Melbourne-TRIUMF), J. Shepard (Univ. of Colorado) 48

544. A search for an excited pion-bound state of the nucleon via p(p, n)X*+ [completed data-taking], R. Abegg,
D. Frekers, C.A. Miller, S. Yen (TRIUMF), J. Alster, D. Ashery, E. Piasetzky, A.J. Yavin (Tel-Aviv Univ.), R.
Henderson (Univ. of Melbourne-TRIUMF) 49
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545. A study of quasielastic charge exchange [deferred], F.T. Baker (Univ. of Georgia), K. Hicks (Ohio Univ.), R.
Helmer, K.P. Jackson, C.A. Miller, S. Yen (TRIUMF), O. Hausser (SFU-TRIUMF), A. Trudel, M. Vetterli
(Simon Fraser Univ.), A. Celler (Univ. of Western Ontario), D. Beatty, R. Fergerson, C. Glashausser, A. Green
(Rutgers Univ.)

546. Muonium-substituted free radicals [active], J.C. Brodovitch, F. Ji, S.K. Leung, P.W. Percival, S.K. Sun-Mack,
G. Wei, S. Wlodek, (Simon Fraser Univ.), R.F. Kiefl (TRIUMF), S.R. Kreitzman (Univ. of British Columbia),
S.F.J. Cox (Rutherford Appleton Lab), J. Warkentin (McMaster Univ.) 83

547. /i+SR in exotic single-crystal superconductors [active], G. Aeppli, B. Batlogg, D. Bishop, C. Broholm, R.J.
Cava, G.P. Espinosa, A.T. Fiory, D.R. Harshman, M. Inui, R.N. Kleiman, L.F. Schneemeyer (AT&T Bell
Labs), E. Bucher (AT&T Bell Labs and Univ. Konstanz), D.LI. Williams (Univ. of British Columbia), E.J.
Ansaldo (Univ. of Saskatchewan), R.H. Heffner (Los Alamos National Lab), D.B. Mitzi (Stanford Univ.)

548. fiSR (Condensed matter physics) [completed data-taking], S. Dodds, T.L. Estle (Rice Univ.), R. Kadono,
R.F. Kiefl (TRIUMF), J.H. Brewer, S.R. Kreitzman (Univ. of British Columbia), E.J. Ansaldo (Univ. of Saskat-
achewan), M. Celio (Univ. Zurich), R.C. DuVarney (Emory Univ.), C. Schwab (CRN, Strasbourg)

549. Measurement of Gamow-Teller strength in the looRu(n,p)100Tc reaction [active], D. Frekers, R. Helmer, K.P.
Jackson, C.A. Miller, S. Yen (TRWMF), O. Hausser (SFU-TRIUMF), A. Trudel, M. Vetterli (Simon Fraser
Univ.), W.P. Alford, A. Cellei, (Univ. of Western Ontario), W.C. Olsen (Univ. of Alberta), J. Engel (Caltech),
R. Henderson (Univ. of Melbowne-TRIUMF)

550. Quasi-free 16O(]r+, 7p)15O and non-quasi-free 1 6O(*-, 7p)15C at 90, 125 and 160 MeV [completed data-taking],
K. Choi, N. Kolb, E. Korkmaz, D.J. Mack, W.C. Olsen (Univ. of Alberta), J. Miller (Boston Univ.), F. Adimi,
P. Roos (Univ. of Maryland), F. Farzanpay, P. Fuchs, A. Stetz, W. Swenson, J. Zhao, (Oregon State Univ.),
D.A. Hutcheon, C.A. Miller, D. Ottewell (TRIUMF) 50

552. pp —> dx+ analyzing powers near threshold [completed data-taking], R. Abegg, D.A. Hutcheon, C.A. Miller
(TRWMF), L.G. Greeniaus, E. Korkmaz, D. Mack, W.C. Olsen, N.L. Rodning (Univ. of Alberta)

553. Ground state correlations and GT strength in 16O [completed], K. Hicks, J. Rapaport (Ohio Univ.), D. Frekers,
R. Helmer, K.P. Jackson, S. Yen (TRIUMF), O. Hausser (SFU-TRIUMF), J. Mildenberger, A. Trudel, M.
Vetterli (Simon Fraser Univ.), A. Celler (Univ. of Western Ontario), R. Jeppesen (Los Alamos National Lab),
R. Henderson (Univ. of Melbourne-TRIUMF) 50

554. irNN resonances induced by proton nucleus scattering [active], R. Abegg, D. Frekers, R. Helmer, J. Iqbal, K.P.
Jackson, B. Jennings, C.A. Miller, S. Yen (TRIUMF), R.E. Azuma, C. Chan (Univ. of Toronto), R. Schubank
(Univ. of Saskatchewan), M. Vetterli (Simon Fraser Univ.), G. Lolos (Univ. of Regina), P. Green (Univ. of
Alberta), R. Henderson (Univ. of Melbourne-TRIUMF)

555. Pion absorption reactions 12C(ir~,pp)X and I2C(ir+ ,ppp)X [active], G.J. Lolos, E.L. Mathie, S.I.H. Naqvi, M.
Yeomans (Univ. of Regina), D. Humphrey, G. Vourvopoulos (Western Kentucky Univ.), M. Comyn, D. Frekers,
D. Ottewell (TRIUMF), G. Jones, P. Weber (Univ. of British Columbia), G.M. Huber (Indiana Univ.), X.
Aslanoglou (Ohio Univ.)

556. The reaction jr+-|-4He—» jr+ + r~ + pppn [completed data-taking], P. Amaudruz, J. Brack, R.R. Johnson, O.
Meirav, D. Ottewell, F.M. Rozon, M. Sevior, G. Sheffer, G. Smith, V. Sossi, D. Vetterli, P. Weber (Univ. of
British Columbia), P. Camerini, R. Rui (Univ. of Trieste), N. Grion (Univ. of Trieste-INFN), N.R. Stevenson
(Univ. of Saskatchewan), M.J. Vicente-Vacas (Univ. of Valencia)

557. Elastic scattering of 100 MeV jr+ from a polarized 3He target [active], O. Hausser (SFU-TRIUMF), E.J. Brash,
C. Chan, B. Larson, A. Rahav, S. Ram, A. Trudel (Simon Fraser Univ.), M. Arbel, P. Delheij, R. Henderson,
D.F. Ottewell, A. Mellinger, A. Sadeh, B. Schneiderbauer, M. Vetterli (TRIUMF), D. Thiessen (Univ. of British
Columbia), D.M. Whittal (NAC South Africa) 51

558. Measurement of pion scattering and reactions with polarized 3H and 3He [deferred], P. Delheij, D.R. Gill, P.
Levy, C.A. Miller, D.F. Otteweil, P. Schmor, G.R. Smith, G.D. Wait (TRIUMF), R.B. Schubank, Y.M. Shin,
N.R. Stevenson (Univ. of Saskatchewan), R.R. Johnson (TRIUMF-UBC), M. Hanna, V. Sossi, P. Weber (Univ.
of British Columbia), O. Hausser (SFU-TRIUMF), M. Law, M. Vetterli (Simon Fraser Univ.), N. Grion, R. Rui
(INFN Trieste), E.L. Mathie, M. Yeomans (Univ. of Regina), R. Henderson (Univ. of Melbourne-TRWMF)

559. Coulomb effects in positive and negative pion elastic scattering from polarized deuterons [deferred], P. Delheij,
D.R. Gill, D. Healey, D.F. Ottewell, G.R. Smith, G.D. Wait (TRIUMF), R.R. Johnson (TRIUMF-UBC), M.
Hanna, O. Meirav, V. Sossi, D. Vetterli, P. Weber (Univ. of British Columbia), R.B. Schubank, Y.M. Shin,
N.R. Stevenson (Univ. of Saskatchewan), E.L. Mathie (Univ. of Regina), N. Grion, R. Rui (INFN Trieste),
E.T. Boschitz, R. Tacik (Karlsruhe)
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560. Low energy T+p analyzing powers with CHAOS [deferred], P.A. Amaudruz, D. Healey, D. Ottewell, G.R. Smith
(TRIUMF), R.R. Johnson (TRIUMF-UBC), J.T. Brack, G. Hofman, G. Jones, M. Pavan, M. Sevior, D. Vetterli
(Univ. of British Columbia), R.J. Peterson, R.A. Ristinen, J.J. Kraushaar (Univ. of Colorado), P. Camerini, N.
Grion, R. Rui (Univ. of Trieste), E.L. Mathie, R. Tacik (Univ. of Regina), E.T. Boschitz (Univ. of Karlsruhe)

561. Threshold measurements of H(ir~, jr+ir~)n and H(*+, jr+*+)n [completed data-taking], A. Ambardar, J.T.
Brack, F. Duncan, A. Feltham, G. Koch, J. Lange, O. Meirav, M. Pavan, K. Raywood, M.E. Sevior, V. Sossi,
D. Vetterli (Univ. of British Columbia), R.R. Johnson (TRIUMF-UBC), D.F. Ottewell, G.R. Smith (TRIUMF),
J. Ernst, D. Theis (Univ. Bonn), P. Camerini, R. Rui (Univ. Trieste), N. Grion (INFN, Trieste) 52

562. Spin isovector giant resonances in 181Ta [completed data taking], S.A. Long, G.G. Shute, B.M. Spicer (Univ.
of Melbourne), R.S. Henderson (Univ. of Melbourne-TRIUMF), R. Helmer, K.P. Jackson, C.A. Miller, S. Yen
(TRIUMF), W.P. Alford (Univ. of Western Ontario) 39

563. Search for the 6~;1 stretched state of the mass-20 systems [completed data-taking], M. Munro, G.G. Shute,
B.M. Spicer (Univ. of Melbourne), R.S. Henderson (Univ. of Melbourne-TRIUMF), R. Helmer, K.P. Jackson,
C.A. Miller, S. Yen (TRIUMF), W.P. Alford (Univ. of Western Ontario), J.W. Watson (Kent State Univ.) 54

564. Differential cross sections and analysing powers for the 4He(p, ir+)5He reaction in the region of the A(1232)
resonance [completed], J. Campbell, W.R. Falk, K.M. Furutani, H. Guan (Univ. of Manitoba), P. Walden, S.
Yen (TRIUMF), E.G. Auld, F.A. Duncan (Univ. of British Columbia), G.J. Lolos (Univ. of Regina), R.D.
Bent (IUCF), G.M. Huber (WCF-Univ. of Regina), E. Korkmaz (Univ. of Alberta), A. Trudel (Simon Fraser
Univ.), A. Celler (Univ. of Western Ontario) 29

565. Longitudinal spin correlation parameter (At/) in np elastic scattering at TRIUMF energies [pending], A.R.
Berdoz, J. Birchall, J.R. Campbell, N.E. Davison, G. Liping, S.A. Page, W.D. Ramsay, W.T.H. van Oers (Univ.
of Manitoba), C.A. Davis (TRIUMF-Univ. of Manitoba), R. Abegg, C.A. Miller (TRIUMF), P.W. Green, E.
Korkmaz, A. Opper (Univ. of Alberta), L.G. Greeniaus (TRIUMF-Univ. of Alberta)

566. Elastic proton scattering from polarized 3He [completed data-taking], O. Hausser, (SFU-TRIUMF), P. Delheij,
K. Ferguson, K.P. Jackson, C.D.P. Levy, C.A. Miller, B. Morrissette, M. Vetterli, R.M. Woloshyn (TRIUMF),
R. Henderson (TRIUMF-Melbourne), J. Mildenberger, A. Rahav, (Simon Fraser Univ.), W.P. Alford (Univ.
of Western Ontario), T.E. Chupp (Harvard Univ) 73

567. Measurement of the lifetimes of isomeric states during atomic cascade of negative pions in liquid He and Ne
[completed data-taking], R.S. Hayano, M. Iwasaki, S. Nakamura, H. Outa (Univ. of Tokyo), T. Nagae, Y.
Watanabe, T. Yamazaki (INS, Univ. of Tokyo), R. Kadono, Y. Kuno, T. Numao (TRIUMF), H. Tada (Univ.
Tokyo, Komaba) 9

568. The xp — KKN reaction at E = 200-300 MeV [active], P. Camerini, N. Grion, R. Rui (INFN, Trieste), I.
Iqbal, R.R. Johnson, O. Meirav, M. Sevior, V. Sossi, D. Vetterli, P. Weber (Univ. of British Columbia), G.
Smith (TRIUMF), M. Rozon (Carnegie-Mellon Univ.), M. Vicente (Univ. Valencia)

569. Fast outgoing protons and deuterons from muon capture on 3He nuclei [completed], W.J. Cummings, G.E.
Dodge, S.S Hanna, B.H. King, S.E. Kuhn (Stanford Univ.), Y.M. Shin (Univ. of Saskatchewan), K-S. Chung,
J-M. Lee (Univ. of Yonsei, Seoul), R.B. Schubank (Univ. of British Columbia), G.R. Mason (Univ. of Victoria),
R. Helmer, N.R. Stevenson, U. Wienands (TRIUMF), Y.K. Lee (Johns Hopkins Univ.), D.P. Rosenzweig (Univ.
of Washington), B.E. King (Simon Fraser Univ.)

570. Gamma-neutrino angular correlation in muon capture on 28SDi [active], D.S, Armstrong (Univ. of California,
Berkeley), D.F. Measday, B. Mofta (Univ. of British Columbia), J. Bauer, T.P. Gorringe, B. Johnson (Univ.
of Kentucky), S. Stanislaus (LAMPF) 54

571. Longitudinal /i~ spin relaxation measurement on high Tc superconductors [active], H. Kojima, J. Tanaka,
E. Torikai (Yamanashi Univ.), K. Nagamine, K. Nishiyama, T. Yamazaki (Univ. of Tokyo), H. Kitazawa
(RIKEN)

572. ^i+SR in single-crystal organic superconductors [active], S.V. Chichesler, A.T. Fiory, R.C. Haddon, DR. Harsh-
man, M.L. Kaplan, L.W. Rupp, Jr. (AT&T Bell Labs), R.N. Kleiman (AT&T Bell Labs-Cornell Univ.), D.B.
Mitzi (Stanford Univ.), T. Pfiz (Max Planck Inst.), D.Li. Williams (Univ. of British Columbia)

573. Temperature dependence of the spin-exchange cross sections between muonium and cesium atoms [active], D.J.
Arseneau, D.G. Fleming, A.C. Gonzalez, J.R. Kempton, J. Pan, M. Senba, A. Tempelmann (Univ. of British
Columbia) 83

574. Muonium radical yields [completed], G.B. Porter, D.C. Walker, Z. Wu (Univ. of British Columbia), M.V.
Barnabas (Argonne National Lab), K. Venkateswaran (Hindustan Lever Ltd.), J.M. Stadlbauer (Hood College),
B.W. Ng (Winona State Univ.) 84
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575. Ultra-slow u production via muon catalyzed fusion [active], K. Nagamine (RIKEN-Univ. of Tokyo), M.
Iwasaki, S. Sakamoto, P. Strasser (Univ. of Tokyo), K. Ishida, T. Matsuzaki (RIKEN), E. Torikai (Yamanaahi
Univ.), Y. Kuno, G.M. Marshall (TRIUMF)

576. Spin-dependent structure functions of the proton and the neutron [test], P. Delheij, C.A. Miller, M. Vetterli,
R. Woloshyn (TRIUMF), O. Hausser (SFU-TRIUMF), C. Choi, L.G. Greeniaus, P. Kitching, N.L. Rodning
(Univ. of Alberta), R. Henderson (Univ. of Melbourne-TRIUMF)

578. Negative pion bremsstrahlung [deferred], F. Farzanpay, P. Fuchs, A.W. Stetz, L.W. Swenson, J. Zhao (Oregon
State Univ.), P. Kitching (TRIUMF-Univ. of Alberta), K. Choi, D. Mack, W.C. Olsen (Univ. of Alberta), N.
Stevenson (Univ. of Saskatchewan)

580. Interaction of muons with incommensurate spin density waves in chromium and Cr alloys [active], E. Fawcett
(Univ. of Toronto), J.H. Brewer (Univ. of British Columbia), R.F. Kiefl (TRIUMF), E.J. Ansaldo (Univ. of
Saskatchewan), D.R. Noakes (Univ. of Alberta)

581. uSR studies in organic superconductors [active], L.P. Le, G.M. Luke, B.J. Sternlieb, Y.J. Uemura (Columbia
Univ.), J.H. Brewer, S.R. Kreitzman, T.M. Riseman (Univ. of British Columbia), R.F. Kiefl (TRIUMF), G.
Saito, H. Yamochi (ISSP-Univ. of Tokyo)

582. /iSR study of the vortex lattice in the mixed state [active], E.J. Ansaldo (Univ. of Saskatchewan), J.H. Brewer
(Univ. of British Columbia), D.R. Noakes (Virginia State Univ.), Ch. Niedermayer (Univ. Konstanz), A. Mawd-
sley, J. Tallon (DSIR, New Zealand), D.C. Johnson (Ames Univ.) 85

583. /iSR study of magnetic ordering in oxides [active], E.J. Ansaldo (Univ. of Saskatchewan), J.H. Brewer, T.M.
Riseman (Univ. of British Colubmia), R.F. Kiefl, J.W. Schneider (TRIUMF), D.R. Noakes, C. Stronach
(Virginia State Univ.), Ch. Niedermayer (Univ. Konstanz), A. Fuertes, B. Martinez, X. Obradors (Univ. of
Barcelona), J.B. Torrance (IBM) 86

584. Muonium in silicon carbide [active], R.F. Kiefl, J.W. Schneider (TRIUMF), S.A. Dodds, T.L. Estle (Rice
Univ.), S.R. Kreitzman (Univ. of British Columbia), W.J. Choyke (Univ. of Pittsburgh), R.C. DuVarney (Emory
Univ.), R. Lichti (Texas Technical Univ.)

585. Muonium spectroscopy of the silicon suboxides a-SiOx [active], S.F.J. Cox (Rutherford Appleton Lab), E.A.
Davis, A. Singh (Leicester Univ.), S.R. Kreitzman (TRIUMF), T.L. Estle, B. Hitti (Rice Univ.), D. Lamp,
R.L. Lichti (Texas Tech. Univ.), R. Duvarney (Emory Univ.), D.W. Cooke, M. Paciotti (LAMPF), A.C. Wright
(Univ. of Reading) 87

586. Muonium-substituted organic free radicals on surfaces [active], E. Roduner, M. Schwager (Univ. Zurich), I.
Reid (PSI), J.C. Brodovitch, P. Percival, S.K. Leung, S. Sun-Mack, S. Wlodek /'Simon Fraser Univ.), D.G.
Fleming, A. Gonzalez, K. Hensel, J. Kempton, J. Pan, M. Senba, A. Templemann (Univ. of British Columbia),
R. Marzke (Arizona State Univ.) 88

587. Study of first forbidden beta transitions using beta-delayed neutron emission [active], J. D'Auria, M. Dombsky
(Simon Fraser Univ.), W. Liu (SFU-Univ. of Alberta-Univ. of Toronto), L. Buchmann, K.P. Jackson, J. Vincent
(TRIUMF), G. Roy (Univ. of Alberta), I. Towner (Chalk River Nuclear Labs), P. Reeder (Pacific Northwest
Labs, Batelle)

588. Muonated thiyl and alkyl free radicals in solution [active], M.V. Barnabas (Argonne National Lab), G.B. Porter,
D.C. Walker, Z. Wu (Univ. of British Columbia), J.M Stadlbauer (Hood College), B.W. Ng (Winona State
Univ.), K. Venkateswaren (Hindustan Lever Ltd.) 89

589. The /Ja decay of 16N: Parity-forbidden decay and astrophysical application [active], L. Buchmann, K.P. Jackson,
J. Vincent (TRIUMF), J. D'Auria, M. Dombsky, W. Liu (Simon Fraser Univ.), R.E. Azuma, J.D. King, S.S.
Wong (Univ. of Toronto), C.A. Barnes, B. Fillipone, T.R. Wang (Caltech)

590. Distribution of 6~ strength in the mass-32 nuclides via the 32S(n,p) reaction [completed data-taking], S.
Koutsoliotas, S.A. Long, M. Munro, B.M. Spicer, G.N. Taylor (Univ. of Melbourne), R.S. Henderson (Univ. of
Melbourne-TRIUMF), K.P. Jackson, C.A. Miller, S. Yen (TRIUMF), W.P. Alford (Univ. of Western Ontario;,
A.D. Bacher (Indiana University) 56

591. The role of 3NA in 12C{*+,ppp)X and 12C(jr±,ppn)JV reactions [active], G.J. Lolos, E.L. Mathie, N. Mobed,
S.I.H. Naqvi, M. Yoemans (Univ. of Regina), D. Humphrey (Western Kentucky Univ.), M. Comyn, D. Ottewell,
R. Tacik (TRIUMF), G. Jones, P. Weber (Unio. of British Columbia) 56

592. Radiative muon capture on 3He [deferred], J.A. Macdonald, J.-M. Poutissou, R. Poutissou, D.H. Wright (TRI-
UMF), P. Depommier, G. Jonkm^ns, C. Leroy (Univ. de Montreal), T. Duty, P. GumpKnger, M.D. Hasinoff,
W. Schott, S. Veillette (Univ. of British Columbia), D.S. Armstrong, M. Blecher (Virginia Polytechnic Inst. &
State Univ.), T.P. Gorringe (Univ. of Kentucky), B. Robertson (Queens Univ.)
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593. Momentum distributions of backward-production protons in proton-nucleus interactions [active], S. Burzynski,
A.J. Trudel (TRIUMF-SFU), A. Celler (TRIUMF-Univ. of Western Ontario), K.P. Jackson, L. Lee, S. Yen
(TRWMF), R. Korteling (Simon Fraser Univ.), D.M. Seliverstov, I.I. Strakovsky (Leningrad Nuclear Physics
Inst.), Y. Wu (TRIUMF-Inst. of Atomic Energy, Beijing) 56

594. Investigation of the d(p,p')d* reaction mechanism [completed data-taking], S. Burzynski, A. Trudel (Simon
Fraser Univ.), R. Helmer, K.P. Jackson, C.A. Miller, M. Vetterli, S. Yen (TRIUMF), W.P. Alford, A. Celler
(Univ. of Western Ontario), A.I. Yavin (Tel-Aviv-TRIUMF), I. Strakovsky (Gatchina) 58

595. Measurement of tTn in pion absorption on 3He [active], C. Chan, B. Larson, A. Rahav, M. Vetterli (Simon
Fraser Univ.), O. Hausser (SFU-TRIUMF), P. Delheij, D.R. Gill, P. Levy (TRIUMF), G. Jones, M. Pa-
van (Univ. of British Columbia), A. Altman, D. Ashery, S. Ram (Tel-Aviv Univ.), R. Henderson (Univ. of
Melbourne-TRIUMF) 59

596. Giant spin excitation in deformed nuclei [completed data-taking], P. Frekers, R. Helmer, K.P. Jackson, C.A.
Miller, S. Yen (TRIUMF), A. Richter, H. Woertche (TH Darmstadt), O. Hausser (SFU-TRIUMF), C. Chan,
A. Trudel, M. Vetterli (Simon Fraser Univ.), A. Celler (Univ. of Western Ontario), R. Henderson (Univ.
Melbourne-TRIUMF) 47

597. /?-decay branching ratios in 26Ne and 27Ne [active], P. McNeely, G. Roy (Univ. of Alberta), L. Buchmann, M.
Dombsky, J. Vincent (TRIUMF), 3. D'Auria (Simon Fraser Univ.) 60

598. Pion-proton integral cross sections in the resonance region [active], E. Friedman, A. Goldring, M. Schechter
(Hebrew Univ. of Jerusalem), A. Altman (Soreq NRC), R.R. Johnson, D. Vetterli (Univ. of British Columbia),
J. Jaki, M. Metzler (Univ. Karlsruhe), B.K. Jennings (TRIUMF) 61

599. Muons and muonium in solid hydrogen [active], J.H. Brewer, K. Chow, T. Duty, W.N. Hardy, G.D. Morris,
T.M. Riseman (Univ. of British Columbia), C. Ballard, K. Hoyle, S.R. Kreitzman, J.W. Schneider, M. Senba
(TRIUMF), E.J. Ansaldo, J. Boyle (Univ. of Saskatchewan), C. Niedermayer (Univ. Konstanz-TRIUMF), V.G.
Storchak (Kurchatov Inst.) 89

600. j*SR in high-T^ superconductors [active], J.H. Brewer, J.F. Carolan, K. Chow, T. Duty, P. Dosanjh, J. Elzey,
W.N. Hardy, S. Johnston, R.F. Kiefl, R. Liang, A. MacFarlane, G.D. Morris, T.M. Riseman, I. Shinkoda,
P.C.E. Stamp, (Univ. of British Columbia), J. Akimitsu, A. Amano (Aoyama-Gakuin Univ.), E.J. Ansaldo, J.
Boyle (Univ. of Saskatchewan), C. Ballard, K. Hoyle, S.R. Kreitzman, J.W. Schneider, M. Senba (TRIUMF),
H. Zhou (CTF Systems), P. Mendels (Orsay-UBC), C. Niedermayer (Univ. Konstanz-TRIUMF), H. Glficklet
(Univ. Konstanz), G.M. Luke (Columbia Univ.), R. Cary, H.P. Cook, M. Davis, D.R. Noakes, M.U. Spurlock,
C.E. Stronach (Virginia State Univ.), L.L. Daemen, L.J. Campbell (Los Alamos National Lab), A. Amato, F.N.
Gygax, A. Schenck, M. Weber (IMP/ETH Zurich), H. Maletta (KFA Jiilich), S. Lee (Univ. of Birmingham), J.
Akii.iitsu, A. Amano (Aoyama Gakkuin Univ.), T. Iwasaki, N. Nishida, S. Okuma, S. Shiratake (Tokyo Inst. of
Tech.), N. Mohri (ISSP, Univ. of Tokyo), K. Nishiyama (Univ. of Tokyo) J. Sugiyama, S. Tanaka, H. Yamauchi
(SRL/ISTEC), B. Martinez (Univ. Barcelona), Zhong Ming (IHEP Beijing) 91

601. Properties of the flux lattice in high-Tc superconductors [active], J.H. Brewer, J.F. Carolan, K. Chow, T.
Duty, P. Dosanjh, J. Elzey, W.N. Hardy, S. Johnston, R.F. Kiefl, R. Liang, A. MacFarlane, G.D. Morris,
T.M. Riseman, I. Shinkoda, P.C.E. Stamp, (Univ. of British Columbia), J. Akimitsu, A. Amano (Aoyama-
Gakuin Univ.), E.J. Ansaldo, J. Boyle (Univ. of Saskatchewan), C. Ballard, K. Hoyle, S.R. Kreitzman, J.W.
Schneider, M. Senba (TRIUMF), H. Zhou (CTF Systems), P. Mendels (Orsay-UBC), C. Niedermayer (Univ.
Konstanz-TRIUMF), H. Gluckler (Univ. Konstanz), G.M. Luke (Columbia Univ.), R. Cary, H.P. Cook, M.
Davis, D.R. Noakes, M.U. Spurlock, C.E. Stronach (Virginia State Univ.), L.L. Daemen, L.J. Campbell (Los
Alamos National Lab), A. Amato, F.N. Gygax, A. Schenck, M. Weber (IMP/ETH Zurich), H. Maletta (KFA
Jiilich), S. Lee (Univ. of Birmingham), J. Akimitsu, A. Amano (Aoyama Gakkuin Univ.), T. Iwasaki, N.
Nishida, S. Okuma, S. Shiralake (Tokyo Inst. of Tech.), N. Mohri (ISSP, Univ. of Tokyo), K. Nishiyama (Univ.
of Tokyo) J. Sugiyama, S. Tanaka, H. Yamauchi (SRL/ISTEC), B. Martinez (Univ. Barcelona), Zhong Ming
(IHEP Beijing) 91

603. /J+SR studies of l-dimensional magnetic systems [active], Y.J. Uemura, B.J. Sternlieb, G.M. Luke, L.P. Le,
W.D. Wu (Columbia Univ.), J.H. Brewer, R. Kiefl, T.M. Riseman (Univ. of British Columbia), S.R. Kreitzman
(TRIUMF), M. Mekata (Fukui Univ.), Y. Ajiro (Kyoto Univ.), K. Kakurai (Tohoku Univ.)

604. Slow muon physics (/iSOL) [active], G. Aeppli, D. Bishop, AT. Fiory, D.R. Harsh man, R.N. Kleiman, A.P.
Mills (AT&T Bell Laboratories), A.S. Rupaal, J.H. Turner* (Western Washington Univ.), M. Senba, D.LI.
Williams (Univ. of British Columbia)

605. Final muon states in semiconductors using rf /iSR spectroscopy [active], S.A. Dodds, T.L. Estle, B. Hitti
(Rice Univ.), R.C. DuVarney (Emory Univ.), J. Brewer, K. Chow, D.LI. Williams (Univ. of British Columbia),
S.R. Kreitzman, J.W. Schneider, M. Senba (TRIUMF), C D. L.unp, R.L. Lichti (Texas Tech. Univ.), S.F.J.
Cox (Rutherford Appleton Lab), T. Pfiz (Max Planck Inst.), P. Mendes (Univ. de Paris Sud) 93
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606. /i+SR studies of exotic superconductors [active], Y.J. Uemura, G.M. Luke, B.J. Sternlieb, L.P. Le, W.D. Wu
(Columbia Univ.), J.H. Brewer, R. Kiefl, T.M. Riseman (Univ. of British Columbia), S.R. Kreitzman (TRI-
UMF), M.B. Maple, C.L. Seaman (Univ. California, San Diego), M. Ishilcawa (Univ. of Tokyo, ISSP), A.W.
Sleight (Oregon State Univ.), R. Giannetta (City Univ. of New York), J.D. Jocgensen, G.D. Hinks (Argonne
Nat. Lab)

607. Isomeric muonated radicals [active], G.B. Potter, D.C. Walker, Z. Wu (Univ. of British Columbia), M.V. Barn-
abas (Argonne National Lab), J.M. Stadlbauer (Hood College), B.W. Ng (Winona Univ.), K. Venkateswaran
(Hindustan Lever Ltd.) 96

608. Muonium in GaP and GaAs [active], E.J. Ansaldo (Univ. of Saskatchewan), K. Chow, S.R. Kreitzman, A.
MacFarlane, T. Pfiz (Univ. of British Columbia), T.L. Estle, B. Hitti (Rice Univ.), R.C. DuVarney (Emory
Univ.), R.F. Kiefl (UBC-TRIUMF), R.L. Lichti (Texas Tech. Univ.), J.W. Schneider (TRIUMF), C. Schwab
(CRN, Strasbourg)

609. Fluorescence measurement of the vibrational energy distribution of MuF(i>) [active], D.J. Arseneau, S. Baer,
D.G. Fleming, J.J. Pan, M. Senba, A. Tempelmann (Univ. of British Columbia), G.M. Marshall (TRIUMF),
J.J. Sloan (Univ. of Waterloo) 96

610. Muonium dynamics and reactivity in Si at high temperature [active], K. Chow, S.R. Kreitzman, A. MacFarlane
(Univ. of British Columbia), T.L. Estle, B. Hitti (Rice Univ.), R.C. DuVarney (Emory Univ.), R.F. Kiefl
(UBC-TRIUMF), R.L. Lichti (Texas Tech. Univ.), J.W. Schneider (TRIUMF), C. Schwab (CRN, Strasbourg),
M. Senba (TRIUMF-UBC) 98

611. ziSR investigations of RT2 intermetallics (R=rare earth, T=transition metal) [active], G.M. Kalvius, A. Kratzer,
K-H. Munch, M. Weber (Tech. Univ. Munich), L. Asch (Univ. of Munich), R. Wappling (Univ. of Uppsala),
J. Deportes (CRNS Grenoble), J.H. Brewer, K. Chow, R.F. Kiefl (Univ. of British Columbia), S.R. Kreitzman,
J. Schneider (TRIUMF) 99

612. Hyperfine dependence of exclusive muon capture on I9F, 23Na, 27A1, 35C1, and 37C1 [active], D.S. Armstrong
(Virginia Polytech. Inst. & State Univ.), T.P. Gorringe, B. Johnson, J. Bauer, M. Kovash, M. Pickar (Univ. of
Kentucky), D. Measday, M. Hasinoff, B. Moftah (Univ. of British Columbia), D. Wright (TRIUMF) 61

613. Reactions of muonic hydrogen isotopes [active], G.A. Beer, P.E. Knowles, G.R. Mason, A. Olin, (Univ. of
Victoria), J.L. Beveridge, G.M. Marshall, (TRIUMF), J.H. Brewer, B.M. Forster, W.N. Hardy, (Univ. of British
Columbia), R. Jacot-Guillarmod, L. Schellenberg (Univ. de Fribourg), T.M. Huber (Gustavus Adolphus College),
P. Kammel, J. Zmeskal (Austrian Academy of Sciences), A.R. Kunselman (Univ. of Wyoming), C. Petitjean
(PSI) J.M. Bailey (Univ. of Liverpool) 100

614. Precise measurement of the p, a and (PM£) parameters in muon decay [deferred], V.I. Bolshakov, E. Denisova,
A.I. Gorelov, V.M. Grebeniyk, V.E. Keilin, I.A. Kovalev, Y. Lachin, A.V. Martynov, E.A. Meleshkov, L.V.
Miassoedov, I.V. Morozov, V.I. Selivanov, V.D. Torokhov (Kurchotov Inst.), J.A. Macdonald, J.-M. Poutissou
(TRIUMF), D.E. Lobb, G.R. Mason, A. Olin (Univ. of Victoria) 10

615. Normal and sideways spin observables for the reaction pn —» pp('So)*~ [deferred], D. Ashery, H. Han, M.
Moinester, S. Ram, A. Yavin (Tel Aviv Univ.), C. Chan, O. Hausser, B. Larson, A. Rahav (Simon Fraser
Univ.), P. Delheij, D. Hutcheon, P. Levy, M. Vetterli (TRIUMF), F. Duncan, G. Jones (Univ. of British
Columbia), R. Henderson (TRIUMF-Univ. of Melbourne),

616. Spin-momentum correlations of nucleons in polarized 3He [active], W.P. Alford, A. Celler (Univ. of Western
Ontario), C. Chan, B. Larson, A. Rahav, A. Trudel, Bin Xiao (Simon Fraser Univ.), T.E. Chupp (Harvard),
P. Delheij, K.P. Jackson, P. Levy, M. Vetterli (TRIUMF), O. Hausser (SFU-TRIUMF), R. Henderson (Univ.
of Melbourne-TRWMF), D.M. Whittal (NAC South Africa), R. Woloshyn (TRIUMF-SFU) 62

617. Mass and decay studies of nuclei near the proton dripline [active], J. Batchelder, D.M. Moltz, T. Ognibene
(Lawrence Berkeley Lab.), P.L. Reeder (Pacific Northwest Lab), J. D'Auria (SFU-TRIUMF), M. Dombsky
(Simon Fraser Univ.), L. Buchmann (TRIUMF) P. McNeely (Univ. of Alberta), K. Toth (Oak Ridge Nat. Lab)

68

618. pp elastic cross sections at TRIUMF energies [deferred], C. Chan, S. Burzynski, B. Larson, A. Rahav, A.
Trudel, Bin Xiao (Simon Fraser Univ.), O. Hausser (SFU-TRIUMF), R. Abegg, R. Helmer, D. Hutcheon, K.P.
Jackson, C.A. Miller, D. Ottewell, M. Vetterli, P. Walden, S. Yen (TRIUMF), W.P. Alford, A. Celler (Univ.
of Western Ontario), R. Henderson (Univ. of Melbourne-TRWMF), D.M. Whittal (NAC South Africa), A.
Yavin (Tel Aviv Univ.)

619. Studies on high-Tc superconductor LaSrCuO with (u~0) probes [active], K. Nishiyama, K. Nagamine (Univ.
of Tokyo), E. Torikai, H. Kojima, I. Tanaka (Univ. of Yamanashi), H. Kitazawa (RIKEN), R. Saito (Univ. of
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