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FOREWORD

The year 1988 was marked at TRIUMF by a number of highly significant events. While
the basic research program and applied program continued to thrive, the year saw the start of
two very exciting new projects: the KAON Factory Project Definition Study (PDS) and the
design and construction, under contract with Ebco, of a 30 MeV cyclotron. The main topic of
this report will be the achievements of the basic science program. This foreword will serve to
introduce the PDS and 30 MeV project as well as the move toward incorporation of TRIUMF
as a legal entity.

The PDS is an SUM study, financed jointly by Ottawa and Victoria, and is expected to
be completed by the end of 1989. It is a major step forward toward a decision by Canada to
fund the construction of the KAON Factory at TRIUMF. The PDS includes many important
technical studies aimed at reducing cost and other uncertainties related to the KAON Factory.
It also includes consultations by Canada with its potential foreign partners in KAON. These
are aimed at eliciting firm statements of their intent to join Canada in supporting initiation of
this major project. There is then every likelihood that KAON will be fully launched not long
after the completion of the PDS. TRIUMF is very fortunate to have Alan Astbury, on leave
from the University of Victoria for this purpose, as the leader of the PDS.

Another major new venture for TRIUMF in 1988 was its work with Ebco to build a commer-
cial 30 MeV cyclotron. Ebco completed contract negotiations with Nordion late in the year to
produce such a cyclotron, designed expressly for isotope production, by June 1990. TRIUMF
has the nation's best expertise for cyclotron design and construction and has an appropriate
technology transfer agreement with Ebco under which TRIUMF's knowledge and personnel are
being extensively used for this project.

Significantly, the PDS and the Ebco project together will involve several dozens of TRI-
UMF's staff. The cost recovery from these projects, however, permitted normal TRIUMF
salary increases to occur in 1988. With the prospects for KAON, the work overload and the
need to maintain the full science program of the existing TRIUMF facility, it is clear that
interesting times lie ahead.

Also in 1988 the first steps were taken toward legal incorporation of the TRIUMF Joint Ven-
ture. As a national laboratory for Canada TRIUMF takes pleasure in noting that the founding
four universities (Alberta, Victoria, Simon Fraser and British Columbia), which still carry legal
and financial responsibility for TRIUMF, have now been joined by three additional universities
(Montreal, Toronto and Manitoba). The universities are, initially, associate members of the
project but already have representatives at the TRIUMF Board of Management. With the
University of Regina expected to join by March 1989, TRIUMF will include universities repre-
senting every province west of the Maritimes. The incorporation of the TRIUM F Joint Venture
is likely to take several years to complete.

The TRIUMF Board was pleased to welcome Dean Robert Miller of UBC as a new member
replacing Vice-President Peter Larkin who has served tiie Board so ably for many years.

B.I', dayman
Chairman, Board of Management
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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 facility is also open to other Canadian as
well as foreign users.

The experimontal programme 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, and the third fixed at 70 MeV. The potential for high beam currents
- 100 ftA at 500 MeV to 300 fiA 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 363 staff at the main site in Vancouver
and 18 based at the four universities. The number of university scientists, graduate
students and support staff associated with the present scientific programme is about
575.

VI
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INTRODUCTION

Life is rarely normal. 1988 has been a year at TRI-
UMF in which the present TRIUMF program has
moved forward strongly. The experiments which car-
ried that forward momentum are chronicled in this an-
nual report. But there was much more.

The "more" which enlarged the normal life of TRI-
UMF was the advent of the Project Definition Study
(PDS) for the KAON Factory and - secondarily, hut
still very important - the work toward the 30 MeV
commercial cyclotron. The latter project involved the
use of TRIUMF staff and ideas, under an appropriate
Ebco-TRIUMF technology transfer agreement, toward
the rapid production of a new 30 MeV, 400 //A cy-
clotron for isotope production. Both the PDS and the
Ebco project receive only cursory attention in this re-
port although they correspond to very significant mile-
stones in the historical trajectory of TRIUMF.

The significant move toward KAON with the PDS
can be regarded as part of TRIUMF's manifest des-
tiny. It may be useful here, where we begin the record
of the substantial scientific achievements of TRIUMF
in 1988, to provide a perspective for where KAON re-
sides in the psyche of TRIUMF. The emergence of the
present TRIUMF facility into a world-class laboratory
has accompanied a dramatic transformation of the ba-
sic ideas about what lies at the heart of matter. The
ideas pertain to the basic building blocks of matter -
the three generations of quarks and leptons - and to
the unification of the description of nature's four fun-
damental forces. These new ideas, taken together, are
called the "standard model". It has provided a remark-
able synthesis of everything we had learned about sub-
atomic physics. In turn, it has led to urgent new ques-
tions (and the corresponding new facilities) seeking to
refine the standard model or go beyond it. TRIUMF
has achieved its position in the world because of the
effective way in which its experiments have responded
to the issues of the standard model. Read on, in this
annual report. The KAON Factory builds on the ex-
isting TRIUMF program and seeks to augment it in
a way which will retain centre stage, at TRIUMF, for
decades to come, in the important sequels to the stan-
dard model. Therefore, the present TRIUMF program,
although now in full flourish, very naturally bridges
into the new era which KAON will bring.

Amidst these future hopes and dreams the present
science flourishes. The versatility of muons, which are
one of TRIUMF's most important particles, continues
to provide surprising new science. Long ago TRIUMF
had, among the world's meson factories, played its fair
role in exploring the important science questions asso-
ciated with normal muon decay and the various possi-
ble rare decay processes of muons. Such normal muon
pursuits will be revisited in the future as new genera-
tions of detectors allow significant gains in our knowl-
edge. In the meantime, now, we find an astonishing
variety of processes involving TRIUMF's muons. As
recorded in this report they include, among others,
the miionium-antimuoiiium conversion search for the
strength of interaction constants, the very fundamental
search (seriously attempted for the first time) for ra-
diative muon capture in hydrogen and muon spin rota-
tion studies of radicals, fluids and high-temperature su-
perconductors. Muon physics at TRIUMF seems very
likely to prosper for a long time.

Equally buoyant are the nuclear physics programs
involving medium-energy proton and neutron beams
at TRIUMF. Every "user laboratory" such as TRI-
UMF thrives only if it retains user demand. User de-
mand is maintained if and only if the laboratory con-
tinues to provide new world-leading facilities. In the
proton hall TRIUMF did this, a few years ago, with its
high-quality beams and spectrometers and especially
with its CIIARGEX facility which, for the first time
anywhere, provided for the study of (p,n) and (rt,p)
reactions and, moreover, enabled these over the en-
tire medium-energy regime. The burst of experiments
which followed continued through 1988 as recorded in
this report. In the near future TRIUMF plans to pro-
vide a second-arm spectrometer and also high-intensity
(several (iA) polarized beams which will extend the in-
terest of the nuclear physics in the proton hall for many
more years.

Almost everyone loves theorists (sometimes even
more than is necessary). Although TRIUMF's theory
staff is small, it is very productive in new ideas for the
field. Good physics involves a healthy symbiosis be-
tween theoretical and experimental ideas. At TRIUMF
the theoretical work is greatly augmented by a large
group of young theoretical research associates and also



by many short-term and long-term visitors. TRIUMF production. A warm chorus should bo given to Alan
has attained a considerable reputation for its work Astbury and his colleagues who have marched bravely
on medium-energy processes and also for the work of into the work of the PDS. Certainly also a signifi-
Woloshyn and his collaborators on QCD and quark cant rheer should be given to John D'Auria and John
models. Vincent who, without significant resources, have perse-

There are many unsung heroes at TRIUMF who de- vered with bringing T1SOL into a position for impor-
serve to be serenaded. These include the TRIUMF op- tant new science,
erators who, short-staffed, achieved record cyclotron



SCIENCE DIVISION

INTRODUCTION

1988 has been a very exciting year indeed in terms
of the science output for our laboratory. The inter-
est in our facilities remains very high as measured by
the number of new proposals submitted (43) or the
total number of shifts requested (2000) on our beam
lines. The Experiments Evaluation Committee has rec-
ommended that about 50% of the requested shifts be
granted, and the cyclotron was able to deliver a record
number of 366 mAh for the year. A total of 75 experi-
ments received beam this year.

In particle physics, a number of groups are studying
the properties of the leptons and possible extensions
of the standard model. At TRIUMF Expt. 304 has
now improved its limit for the conversion process of
muonium to antimuonium, using a very original radio-
chemical technique. The process is not observed and
an upper limit on the branching ratio of 2xl0~6 was
deduced, which for the first time tests this hypothet-
ical interaction at a level below the Fermi coupling
strength.

A group from TRIUMF in collaboration with Prince-
ton and Brookhaven National Laboratory is searching
for the very rare second-order weak process A'+ —*
it*up. The detector was completed early in 1988 and
the first engineering run (14 weeks) took place. All
components and, in particular, the TRIUMF parts are
performing according to expectation, and the analy-
sis of this run should aiso yield results on Knfi+fi~,
A'TT77 as well as determine the magnitude of potential
backgrounds.

The studies of weak interaction in the quark sectors
are conducted in two major experiments at TRIUMF.
Experiment 452 will search for the radiative capture of
negative muons in ultrapure hydrogen in an attempt
to deduce the induced pseudoscalar coupling constant
gp. A new detector which includes a large angle pair
spectrometer based on a drift chamber similar to the
one built for Expt. 787 at BNL has been built, and is
now in early stages of commissioning.

Before its retirement the time projection chamber
was used in experiments on radiative capture in nu-
clear targets, which yielded values for gp in

 12C, 16O
and ')0Ca which are not confirming the large renormal-
isation effects in nuclei previously claimed.

Another major effort is mounted by the Manitoba
group to measure the parity violation in hadronic re-
actions, namely p-p scattering at 222 MeV. The in-
strumentation development and engineering program
is continuing, and good progress has been obtained

which should lead to a firm proposal soon. If the feasi-
bility of the experiment is confirmed, this experiment
would determine the weak />coupling constant.

The Manitoba group is also pursuing detailed stud-
ies of the nucleon-nucleon system and has measured
the spin correlation parameter Ayy in n-p scatter-
ing at three energies. These measurements are cru-
cial in determining better phase shifts solutions for the
parametrization of the interaction and are discriminat-
ing amongst several potential models. The inclusion of
these results in the databases will greatly constrain ti.a
phase shifts analysis. Similarly the group is planning a
second phase to the study of charge symmetry in the n-
p elastic scattering process at 350 MeV. Together with
their previous results at 477 MeV, this me.^urement
will pinpoint the contribution of the p°-w term.

The nucleon-antinucleon system has also been inves-
tigated via the measurements of spin-dependent ob-
servables at LEAR. A group from TRIUMF has col-
laborated in Expt. PS198.

A number of groups were involved in the search for
bound systems containing a pion and two nucleons.
These were searched for via the study of 7 transitions
from a n~ d atom to the neutral form ir°nn or v~pn
(Expt. 511) and in proton-induced reactions using the
MRS (Expt. 478) but so far none have been found.

In nuclear physics, the program has continued to ex-
ploit the superb facilities provided in oar proton hall.
We are delivering variable energy proton beams with
any spin orientation and, together with the polarimeter
at the medium resolution spectrometer, a complete set
of polarization observables is accessible. We also pro-
vide a unique facility (CHARGEX) to study isospin
properties of nuclear transitions.

Now that we have a reasonable understanding of
the elementary nucleon-nucleon force, the effort con-
centrates on refining our knowledge of the p-nucleus
interaction. Spin observables are particularly sensitive
to small amplitudes, and using appropriate transitions
one can get at very specific pieces of the nucleon-
nucleus force. When coupling this information with the
selectivity of the pn, np reactions in terms of isospin, a
detailed tool is then available. A good example of this
type of work is presented in the report for Expt. 432
where specific transitions to stretched states 4~ in 16O
are used to filter out the isoscalar part of the interac-
tion and the spin transfer coefficients are measured to
get the separation of the spin-orbit and tensor com-
ponent. Similarly in Expt. 459 the 0+-0~ transition in



1 60 is used to get at the tensor component.
Using the CHARGEX facility isospin components

of the interaction are selected, and searches for gi-
ant resonance (Expt. 486), extraction of the Gamow-
Teller strength distributions L=0 continued. A new
high pressure gas target was commissioned and three
experiments took advantage of it.

The pion program in the meson hall is now mov-
ing from the study of the elementary processes (li^p
and ir^d) to pion-nucleus physics, and several exper-
iments were devoted to pion absorption mechanism
studies (n"4He absorption, (7r,27r) reactions). The ele-
mentary amplitudes for xp and vd reactions have now
been pinpointed to very high precision and with con-
sistency. The comprehensive studies of polarization ob-
servables in the ltd system are now almost completed.
Complementary studies of the inverse reaction chan-
nels (np —* dw°, pp —*• dn+) add to the knowledge of
the parametrization of the 7r-nucleon interaction which
can now be used to investigate the more complex jr-
nucleus system. We are now entering the phase where
nuclear physics can be studied via this new probe, the
pion.

The techniques of muon spin resonance (/zSR) have
allowed major advances in solid physics and chemistry.
/iSR has made an important impact on the character-
ization of the new high Tc superconductor materials.
The phase diagram mean ordering in temperature and
the oxygen content has been systematically explored,
and it has been shown that a region exists where both

superconductivity and spin glass order coexist. Two
and possibly more fi+ sites have been identified. /iSli
has made unique contributions to the field, and a large
demand for these facilities has materialized.

In chemistry both muon spin rotation (/<SR) and
muon level-crossing spectroscopy (/iLCR) have been
used to elucidate the role of micelles in the reactivity of
muonium atoms in various solutions (Expts. 371, 447)
and for the study of organic free radicals (Expt. 398).
Experiment 450 focused on the transitional regions be-
tween low pressure vapours and condensed media and
sei, out to resolve the fate of the missing muonium sig-
nal. It is concluded that both spur and hot atom pro-
cesses are involved.

The theory group has more than ever played a key
role in the scientific program, and apart from its own
personal interests, the group has made decisive con-
tributions to our experimental program: Elucidation
of the Py\ amplitude puzzle in ird scattering, radia-
tive muon capture on the pioton, spin correlation in
muon capture on 3He, determination of the neutron
spin-dependent structure function, charge symmetry
breaking in n-p scattering, parity violation in p-p scat-
tering, charged Higgs effects in rare decays. The in-
teraction between theorists and experimentalists is ex-
tremely effective and plays a key role in the formulation
of the experimental program for our future activities
(K-factory). The large number of visitors attracted to
TRIUMF is a measure of the quality and the scope of
their research.

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. 182
Spin correlation parameter Ayy in »-/> clastic
scattering (W.T.II. vrm Orrs, I). Rcwway, Manitoba)

The purpose of this experiment was to measure
the spin correlation parameter Ayy and the analysing
power .-Ij, in n-p elastic scattering to an accuracy of
±().0:{ at '220, :V25 and '125 McV over the angular range
50° to 150° in the centre-of-mass system. The measure-
meiit. was carried out by scattering polarized neutrons
from polarized protons in a frozen spin target (FST)
and determining the asymmetry in yields with different
)i-p spin correlations.

Polarized neutrons produced at the LDo target, in
HI, 1A by transverse polarization transfer from polar-
ized protons were collimated through the 9° port, and
the spin direction was rotated to the vertical plane by
two spin precession dipoles (Bonnie and Clyde). The
recoil protons were detected in the proton range coun-
ters consisting of tirne-of-flight start, and stop counters
and four delay line chambers. The scattered neutrons
in coincidence were detected in 105 cm x 105 cm scin-
tillator arrays. The details of the experimental set-up
can be found in the University of Manitoba Interme-
diate Energy Progress Report 1987, 1988. The frozen
spin target consisted of bntnnol beads contained in a
5 cm high, :i,5 cm wide and 2 cm thick rectangular box.

In order to select, n-p elastic events from ii-np back-
ground four kinematic constraints are formed, viz.:

(1) Knergy sum: Tp + Tn

(2) Transverse momentum sun:
/',, sin 0,, cos <j>p + Pn sin 0n cos <f>n

(.'!) Opening angle: 0v + 0n

(•1) Coplanarity: <f>v + 4>n

In calculating the opening angle the deflection of pro-
tons in the I-\ST magnetic holding field is taken into
account.

The maximum target, polarization obtained during
the run was 84% with a maximum decay time of 600 h.
The target, polarization as measured by an NM II sys-
tem is known to no better than 4%; however, the
present experiment required that it, should be known to
an absolute accuracy of 2% . Independent calibrations
of the NMll system using unpolarized protons at the
beginning and end of each data-taking run were done.
An unpolarized beam of 500 MeV protons impinged
on a LII2 target or a stack of graphite and produced
protons by elastic scattering. The protons scattered at,
9° passed through the neutron collimator and a su-
perconducting solenoid (Superman), which rotated the
unwanted polarization of the secondary beam by 90°.
The protons scattered from the FST were detected in

proton range counters set at 24° . The recoil protons
were detected in the central region of the big scintilla-
tor arrays set at 61°. The p-p analysing power is very
precisely known and taken from the phase-shift analy-
sis predictions. Thus by measuring the asymmetry and
knowing the analysing power the target polarization
was measured to the required accuracy.

The preliminary data for Ayy and Ay at three ener-
gies are plotted in Figs. 1-3. The predicted values from
different phase-shift analyses and nucleon-nucleon po-
tentials are also shown.

Experiment 249
Radiative muon capture with the TPC
(G. AZUCICA, TRIUMF; M.D. Hasinoff, UBC)

Radiative muon capture (R.MC), n~Z —* v(Z—)-y, is
a weak semileptonic process which is particularly sen-
sitive to the induced pseudoscalar coupling constant gp

of the weak hadronic. current. The aim of this experi-
ment, was to measure the branching ratio for RMC on

50 60 70 80 90 100 110 120 130 M0 150
Angle ( c m )

60 70 80 90 100 110 120 130 140 150
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Kifi. 1. (a) Ayy at '220 McV, (b) Ay at 220 McV.
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Fig. 2. (a) Ayy at 325 MeV, (b) Ay at 325 MeV.

several light nuclei (12C, 16O, 40Ca) in order to deter-
mine gp in these nuclei and to look for evidence of any
renorrnalization away from the expected value for the
nucleon (gp = 6.8#a). A second purpose of the exper-
iment was to investigate the various backgrounds and
systematic errors *hat could contribute to the upcom-
ing measurement of RMC on hydrogen (Expt. 452).
The experimental technique has been described previ-
ously (1986 Annual Report, p. 8). Preliminary results
were presented at the IV Int. Conference on Mesons
and Light Nuclei in Czechoslovakia in September [Hasi-
noff et al., to appear in Czech. J. Phys.]. The data
analysis has been completed and the results discussed
below are being readied for publication. Further details
can be found in the Ph.D thesis of David Armstrong
[UBC, 1988].

Data were obtained for 40Ca using two different Pb
photon converters, one of 1.0 mm thickness and one
0.6 mm thick. The results from the two different data
sets were in excellent agreement witli each other. Fig-
ure 4 shows the data taken with the 1.0 mm con-
verter, compared with theoretical predictions for dif-
ferent values of gp. In Fig. 4(a) the theoretical curves

0.6

0.4 -

0.2 -

0.0

-0.2

-0.4

42b U*V

4 LAMPF HBO <Joto

D Pnsvnt data

1 Bonn
*. Pol«fMio

I

Soctoy > ' ' • I I ' j

:7';/. 1, <— Po',5 l U .

- ' , , ,

40 60 80 mo \20
Angle (cm.)

140 160

40 60 80 100 120 140 160
Angle (cm.)

Fig. 3. (a) .4^ at 425 MeV, (b) Ay at 425 MeV.

are from a phenomenological calculation of the nuclear
response [Christillin, Nucl. Phys. A362, 391 (1981)]
and in Fig. 4(b) the theory is a recent microscopic cal-
culation [Gmitro et al, Nucl. Phys. A453, 685 (1986)].
In both cases the theoretical spectra have been convo-
luted with the detector response function. The results
obtained with the 0.6 mm converter are very similar.
Interpolating the theoretical predictions yields the re-
sult gp — (5.7 ± 0.8);7a using the calculation of Chris-
tillin and the similar result gp = (4.6 ± 1.8)</a with
the calculation of Gmitro et al. . These results are in
good agreement with several previous measurements
of RMC on 40Ca [Hart et al., Phys. Rev. Lett. 39,
399 (1977); Frischknecht el al., Phys. Rev. C 32, 1506
(1985); Do"beli el a/., Phys. Rev. C 37, 1633 (1988)],
and indicate a slight downward renormalizalion of gp

in 40Ca.
For I6O two previous measurements of RMC exist,

but they are not in agreement. One group obtained
a partial branching ratio for photons of greater than
57 MeV (relative to the total muon capture rate) of
(2.4±0.5)x 10~5 [Dobeli e( al., op. dt.,) using Nal(Tl)
detectors while the other measurement used a con-
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volitional pair spectrometer and obtained the partial
branching ratio (3.8 ±0 .4 ) x 10"5 [Frischknecht ct al.,
Pliys. Rrv. C 38, 1996 (1988)]. The branching ratio de-
termined in the present experiment is (2.2±0.2)x 10~5,
in good agreement, with, but more precise than, the
former result, but in strong disagreement with the lat-
ter result,. For l f iO, only the 1.0 mm Pb converter was
used. The present, data are compared with the predic-
tions of a microscopic calculation of the nuclear re-
sponse [Gmit.ro cl al., op. cit.] in Fig. 5(a) and with a
phenoiiicnological calculation [Christillin and Gmitro,
Phys. Lett. 150D, 50 (1985)] in Fig. 5(b). Unlike the
''"(.'a case, the two models give very different predic-
tions for the RMC branching ratio as a function of
gp. Using the calculation of Gmit.ro et al., a value of
i)p = (]3.(5 1 \'^)<Jci is extracted, indicating a strong
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Fig. 5. RMC photon energy spectrum from I 6O, compared
to the calculations of a) Gmitro ct al. and b) Christillin
and Gmitro for different values of gp. The theoretical curves
have been convoluted by the detector response function.

upward renormalization of gp in I6O; in contrast, us-
ing the calculation of Christillin and Gmit.ro the value
gp = (7.3±0.9).7n is obtained, in good agreement, with
the expected nucleonic va luer = 6.8ga- Clearly, more
theoretical work is needed before the question of the
magnitude of the pseudoscalar coupling in 16O can be
resolved.

Only one previous measurement exists for RMC
on 12C [Dobeli ct al., op. cit.], in which a partial
branching ratio of (2.7 ± 1.8) x 10~5, based on a data
set of only 75 events. In the present, work, a much
larger data set was obtained, with over 600 events af-
ter background subtraction, divided equally between
the two different converter thicknesses. The data ob-
tained with the two different converters are in good
mutual agreement, and yield a partial brandling ratio
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of (2.3 ±0 .2 ) x 1 ()"'*, much more precise than the pre-
vious measurement. Unfortunately, there is no calcu-
lation of the nuclear response specific to the ' - ( ' case
available at present. However, if one extrapolates from
higher-/ nuclei using a Fermi-das model calculation
of the nuclear response [Christillin ct (•/., Nucl. Phys.
A345 , 331 (1980)] tho pn-ent branching ratio is con-
sistent with the expected nucleonic value of ;/;> = fi.8f/n.
It is exi>ected that calculations of the nuclear response
for H.MC on '-'(_• w<ll l>e available in the near future.

Experiment 304

conversion
(A. f;.Vn, TIUl'MF/Vu-torin)

This experiment is a search for conversion of miio-
nium {/i + r~ or Mu) into antimtionium (/*~r+ or Mil ),
a reaction which is allowed in some extensions of the
standard model. In particular, observable rates for this
process are predicted in loft-right, symmetric models in-
corjior,-t!iftg ,-t(i additional fftggs triplet which does not
conserve lepton number. Mu mixes with Mu through
the exchange of the doubly charged member of this
triplet, while neutrino masses are generated by the neu-
tral partner, in terms of a four fermion effective inter-
action with strength C! [Feinherg and Weinberg, I'hys.
Hev. 123, MM (l!»(il)] the branching ratio relative to
normal union decay is p « ('. • (C/Cf)2 where (!y is
(he Fermi weak coupling constant, and C — 2.5x H)~r>.
Several previous experiments have searched for conver-
sion with the most recent limit. [Huber ct ai, I'liys.
Rev. Lett. Cl , 2189 (l<)$$)] being G < 0.88(7/.- (90%
confidence) based on the data from our November 1987
data which consisted of 100 li of exposure. A fur-
ther 515 h of exposure have been obtained and (lie
data-taking for this experiment is now completed. The
present experiment probes for t/ie first time interac-
tions below the Fermi coupling strength.

Positive unions art1 stopped in the silica powder tar-

get (Fig. 6(a)) where they form thermal muonium
which diffuses into vacuum with a yield V = 2% per

^ incident / / + . In a large field-free vacuum region, Mu
will convert, to Mu with probability C • (G ' /6>) 2 . In
the vacuum drfl span- adjacent to the silica, however,
conversion must occur before the Mu atom strikes an
oxidized tungsten surface on which the /i~ can be cap-
tured to form a radioisotope of Ta. Approximately 19%
of the Mu atoms reach the WO.t surface.

Here the fi~ will undergo atomic capture and nuclear
capture on \V producing IIMTa ions. The surface layer
is chemically removed after each 12 h / i + exposure and
counted in a shielded low level counting (LLC) appa-
ratus at a separate location. Preliminary analysis indi-
cates an efficiency of 3% for (hose processes (Fig. 0(b)).

The l s ' T a nuclei (8.7 h half-life) decay by j3 emis-
sion to excited stales of ' " 'W. A dominant mode in-
cludes a prompt 111 keV gamma decaying to an 8.7 /is
metasfabfe state. T/ie LLC apparatus dottxts both
radiations together with a delayed gamma from the
metastable state. A peak in the delayed gamma spec-
trum ;.t 090 keV produced by fast, neutrons on C»e was
eliminated to reduce the backgrounds. The LLC detec-
tion efficiency for the ̂ -7-7,^/ decay sequence is 1.1%.
Figure 7 shows the spectra obtained from //~ irradia-
tion of a \V foil showing the- effect of these coincidence
requirements.

The number .V of detected antiiiiuonium events is
then given by

A ' = A > • r • f / ; / c » * • >'• < • ( i )

where A'/(+ = 2.0 x 101L' dii--i>ig 515 h of exposure to
/ / + / 'I'lie yiehi >' was measured with a procedure de-
scribed elsewhere, e, the product of the preceding ef-
(hieucies and radioactive decay corrections, is deter-
mined from /i~ rxposurrs xiu) Man to C»r)o ca]cu);t-
t ions.

The combined LLC spectra from all / ;+ exposures
are shown in Fig. 8. No events within 4 keV of 414 keV
are observed in the coincidence histogram. From a pre-
liminary analysis of tin- factors included in e. (F.q. (1)
implies a limit on the coupling constant of 6' < 0.367*
(90%< confidence). The corresponding upper limit on
the branching ratio is 2 X U)-fi. This data will form
the basis of T.M. lluber's I'h.D. thesis. The system-
atic study of mnonium yield data obtained from this
experiment, will be the subject of C A . Janissen's M.Sc.
thesis.



25O

2OO

a.1

^ 15O

J1OO

SO

35O AOO 4 5O 5OO 55O
EncrR.v (kfV)

12

1O

B

6

O
35O T

4OO 45O 5OO
Klnergy (kpV)

5 5 O

l'if;. 7. (iaiunia fii<*rjj;.V spectra of tin1 surface layer from a W foil exposed to ;/ : (a) all events,
(l>) events in prompt coincidence with a count in a beta scintillalor and followed by a delayed
gamma.

5 t •-

A-

3

2

1

414 keV

3SO 4OO 45O 5OO 55O
Energy (keV)

35O 4OO 45O 5OO 55O
Energy (keV)

Fig. H. (litniina energy spectra from all / /+ exposures (antimiioniiini runs): (a) all events

(b) events satisfying the I M \V coincidence requirements.

E x p e r i m e n t 3GS

Test, of cha rge s y m m e t r y in II-;I e last ic s ca t t e r i ng a t

350 M e V

(W.'l'.ll. turn O<rs, Mnnilolxi: I.At. ihrrmaus, lliUMF)

An experiment .similar in mo.st respects to the re-
ceiiHy foiii|>lel.e(l Kxpl. I2l [Alicgg ct <ii, I'liys. Hev.
I) (in press ); l'hys. Rev. Lett. 56, 2571 (1986)] is he-
ing prepared for data-taking in the summer of 198!). As
originally described the experiment will measure the
difference in analysing powers .1,, and Ar (where the
subscript denotes the polarized miclcon) at the zero-
crossing angle in neutron-proton elastic scattering at.
350 MeV. Designed a.s a null measurement, the exper-
iment, is to achieve an accuracy in A.I = A,,-At, of
±0.0008 (or ±0.0'2(i° in the zero-crossing angle).

The validity of charge symmetry has been of funda-
mental interest ever since it. was postulated soon af-
ter the discovery of (.he neutron. Much circumstantial
evidence has accumulated over the years favouring the
breaking of charge symmetry on t he order of a per cent.
Although low-energy nucleon-iiticleon scattering stud-
ies have shown a slight inequality of the nn and />/' scat-
tering lengths [Dutunrais ct el., Nuel. I'liys. B216, 277
(1983)], it has proved very difficult to remove experi-
mental a/id theoretical uncertainties to isolate charge

symmetry breaking (CSH) interactions unequivocally.
(•harge symmetry leads to the complete separation

of 'he isoscalar and isovector components of the n-p
interact ion. This in turn leads to the equality of the
differential cross .sections for polarized neul-ons scat-
tering from unpolarized protons and ricr rcr..«. A.s a re-
sult. A,,(0) = A,,[0) (the subscripts identifying the po-
larized particle). A noiivanisliiiig asymmetry difference
is directly proportional to the isospin singlet-triplet
mixing amplitude and therefore direct evidence of a
charge symmetry breaking term in the interaction.

The measurement of A.-l at the zero-crossing an-
gle at an incident, neutron energy of 177 MeV has
yielded A.I = (47±22±8)x 1()-'. This result should
he compared to the range of values from the most re-
cent theoretical calculations of (22-71)x I ( ) - 1 [Miller
ct <d.. l'hys. Rev. Lett. 56. 25(57 (11)8(5); Williams ct
al.. I'hys. Rev. C 34, 75(5 (1987); (Je and Sveime,
Phys. Rev. V- 33 , '117 (I98(i) and erratum Phys. Rev
C 34, 75fi (1987); Iqbal ct «/., r'hys. Rev. C 36,
2112 (1987); flolzenkamp ct al., I'hys. Lett. B195 . 121
(1987); Hrauer ft «/., Phys. Rev. (' 34, 1779 (198(5)].
These calculations include (collectively) estimates, of

contributions from direct electromagnetic effects, the
neutron-proton mass difference in one-pion and /> ex-
changes, and the isospin mixing />°-ui meson exchange.
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Fig. 9. Schematic diagram of the neutron and proton detector arms of the experimental detection apparatus.

Some other smaller effects have also been evaluated.
Although the various predictions are similar in magni-
tude, they differ significantly in their detailed predic-
tions.

The 350 MeV measurement will be performed in the
manner of the recently completed Expt. 121. Rather
than measuring the asymmetry difference directly, the
angles at which the asymmetry crosses through zero
will be determined. This difference between the zero-
crossing angles is directly proportional to the difference
in analysing powers at, that angle. Using this technique
a null measurement, will be performed where the ma-
jority of possible systematic errors cancel because the
An and Ap measurements are made with exactly the
same physical apparatus. The only changes are to the
polarizations of the beam and target.

The 350 MeV neutron beam will be produced in the
conventional manner using a liquid deuterium target.
A stable proton beam of intensity ss2 fiA with a po-
larization on the order of 0.80 is required. The time-
average current should be at least 1.5 /iA. The energy,
polarization and position of the primary beam will be
monitored and controlled as in Expt. 121. The proton
beam polarimeter/energy monitor has been modified
to operate at the higher currents and lower energy.
The n-p elastic scattering detection apparatus (shown
in Fig. 9) consists of large solid angle telescopes to
detect the neutrons and protons in coincidence. Neu-
trons are detected at 33.0° in large area scintillation
counters and the recoil protons are observed in scintil-

lation counter-wire chamber telescopes nominally cen-
tred at 53.0°. The detection apparatus will have reflec-
tion symmetry about the neutron beam axis to increase
the event rate and allow certain systematic errors to be
cancelled. The measurement made with this apparatus
allows all systematic errors, except those due to back-
ground corrections, to be eliminated to second order at
the zero-crossing angle. The solid angle for this exper-
iment will be considerably larger than for Expt. 121.
This will allow choosing an angle region that is asym-
metric about the zero-crossing angle. This in turn will
allow attempting a measurement, where the interest-
ing p°-ui term is relatively large. But note that only
the shape of the angular distribution of AA is acces-
sible in these experiments. The analysis of Expt. 121
data has permitted extraction of the charge symmetry
breaking AA as a function of angle with some assump-
tions about the ratio of the beam and target polariza-
tions. However, the errors are relatively large (±0.0035
for 1.5° lab bins). It will be possible to improve these
errors by at least a factor two in the new experiment.

Experiment 400
The Lamb shift and hyperfiiie structure hi
muonic atoms (E.E. Habib, Windsor)

The purpose of this experiment is to measure the
Lamb shift in light, muonic ions. Muons of momentum
30 McV/c will be injected into a magnetic bottle con-
taining 4He gas. They will pass through a degrader

10
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and the emerging unions of energy 0 0.(5 MeV will !'•
t r apped in the magnet ic field. After losing energy by
collisions with gas molecules, they will be captured to
form (muonic-"'l[e) ions.

A su'ilalile magnet ic field was modelled using two
air-core coils and the pa ths of unions of energy 0 to
O.li MeV wore calcula ted. These calculat ions showed
that the unions s topped within a small region. Since
sui table coils were not available, an iron magnet was
modified to produce the di-sired field in the central re-
gion. For proper funct ioning of the bo t t l e , the muon
beam must enter the chamber in a plane perpendicular
to the axis of symmet ry and str ike a degrader placid
5 cm from the centre of the field, in a direction within
a certain angular range.

The first test was carried out using the M U line
with the newly installed separa tor . The objectives of
the first run were: (1) to ope ra t e the MK! line and mea-
sure the union flux available; (2) to bring the beam to
I he desired posi t ion in the magnet ic field; and (:i) to
measure tlie background noise due t o ntt M P Y elec-
t rons .

The tests were carried out in air without a chamber
in the magnet ic field. Results were: (1) the background
noise due to electrons is not a problem, due to the
effectiveness of the separa tor ; (2) the muon flux was
smaller than expected but still usable.

Figure 10 shows the pa th of the union beam in the
magnet ic field and the pa th of a degraded union. T h e
emerging beam, after the degrader , consists of elec-
t rons . T h e pa ths are in the central plane. T h e mea-
sured field values were used in this calculat ion.

Experiment 452
Radiative union capture* (RMC) on hydrogen
(G. A:u<hs, TRW At F; A/, llasinoff, VBC

Radiative muon capture (RMC) on hydrogen (//" +
, , _ „ + „ + -,) is the ultimate goal of all muon capture
experiments. The hiRh sensitivity of the rate of RMC
to -,,,, the induced psoudoscalar coupling constant in
the weak hadronic current, stems from the fact that,
at high photon energies where q- — ">>>thc P i o n ProP"
agator (</2 - "? ; )" ' becomes very large. Furthermore,
RMC from the singlet state of the ftp atom or, equiva-
lent^, (in liquid hydrogen) from the ortho state of the
;>/<;> molecule, can be represented as a two-step process
where the photon is first emitted, thereby leaving the
ftp system in a triplet state. Ordinary // capture then
follows. It is well known that // capture from the triplet,
state is nearly 15 times more sensitive to g,, than cap-
ture from the singlet, state. The major difficulty of the
experiment, however, lies in the very low rate expected
for this process: about 6 x IO"8 of the stopping //'s will
undergo RMC'.

The average of five measurements of gp on the proton
[Hardin ct «/., Nucl. Phys. A352, 365 (1981)], obtained
from ordinary fi capture on hydrogen has a precision of
22% (<7,, = 8.7±1.9), although each of the experiments
contributing to the average has an error in excess of
•10%. Radiative ft capture on hydrogen has never been
measured before. In the present experiment we expect
to achieve a 10% precision. The systematic error will
be dominated by the uncertainty in the ortho -* para
transition rate in liquid hydrogen and by the tails of
the response function of the detector.

A series of measurements of the RMC rate on light
nuclei has now been completed (see Expt. 249), using
the TRIUMF time projection chamber (TPC) as a pair
spectrometer. We have taken advantage of the experi-
ence gained in these measurements to design the detec-
tor system for the present experiment. In the last year
our major effort, has been directed in the construction
of the various components.

A new drift chamber, based on the design of the
HNL787 chamber, has been built (Fig. 11) to replace
the TIT . It. is enclosed by an inner and an outer car-
bon fibre cylinder and consists of four layers of drift
cells, the third one having the wires strung with a
stereo angle of 7.5o. Each cell is about 5 cm long with a
drift distance of 2 cm. It has 10 anode wires, the inner
six of which are sense wires of 20 //m diameter Au-
plated \V. The drift field is provided by 19 Au-plated
Al wires placed on each side of the anodes. Each wire is
crimped in a pin inserted in a fredthrough hole which
defines its position. Careful measurements of the vari-
ations of the hole position in the anode and cathode

11
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Fig. 12. Cosmic-ray track in the drift chamber.

feedthroughs showed that initial tolerances were well
met. (about 50 /nn). While stringing the nearly 8000
wires, measurements of their tensions were done regu-
larly to monitor the stresses on the end plates. String-
ing was completed in September and initial tests with
cosmic rays have already begun (Fig. 12). The pream-
plifiers and post amplifiers as well as the cabling for the
readout of the chamber signals have all been built and
tested.

Modifications to the Chicago magnet have been
made to accommodate a new set. of trigger scintillators
installed around the chamber. In particular, a number
of holes (40) were drilled in the front end plate for the
scintillator light guides. New field mapping measure-
ments were made and these were found to be in good
agreement with calculations. The trigger scintillators
and converter are now mounted (Fig. 11), as well as
the new beam counter package.

Other major components of the detector are: (1) The
Asterix cylindrical wire chamber and associated elec-
tronics which have been shipped from CERN; every-
thing has been tested and is now ready to be mounted
in the magnet. Together with the stereo layer of the
drift chamber, this cylindrical chamber will serve to
define the angle of the track with respect to the beam
direction. (2) The cosmic-ray veto drift chambers and
scintillators which were used in the TPC run; they
have been completely recommissioned with new wires
and preamplifiers. They are now mounted above the
magnet. (3) The electronics setup for the trigger and
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data acquisition lias been set up using ECL logic and
FASTBUS TDC's in a completely reorganized counting
room.

Const ruction efforts were also applied in other essen-
tial subsystems: (1) The M9 beam line has been rebuilt
with one leg going to the superconducting muon chan-
nel, and the other to the Chicago magnet. Initial beam
tuning has been done. The rf separator is getting a
major refurbishing for use in this experiment. (2) The
target design, based on extensive Monte Carlo calcu-
lations, has been completed. The flask will be made of
250 (im An surrounded by Ag heat shields. Dummy
targets made of Cu have been built for testing. The
construction of the liquid hydrogen refrigeration and
purification systems is presently in the hands of the
cryogenics group.

Finally, considerable progress lias been made in all
aspects of the software: data acquisition, analysis and
Monte Carlo. Extensive Monte Carlo calculations have
been performed on all available computers, including
TRIUMF and Univ. de Montreal ACP systems to eval-
uate the backgrounds from radiative muon decay and
from decay-electron bremsstrahlung (Fig. 13).

Initial RMC rate measurements will be made in the
spring of 1989 with nuclear targets. It is expected that
the first runs on a liquid hydrogen target will take place
in the autumn.

Experiment 497
Measurement of the flavour-conserving hadronic
weak interaction (.!. Birchall, S.A. Page, W.T.H. van
Ocrs, Manitoba; G. Roy, Alberta)

The collaboration is currently in its first year of a
two-year instrumentation development, and engineer-
ing program in preparation for a measurement, of par-
ity violation in p-p scattering at 222 MeV. This ex-



periment is based on a modified version of our ear-
lier proposal, which has been described in previous
TRIUMF Annual Reports (Expt. 287). Experiment
497 will determine the parity-violating longitudinal
analysing power At in p-p elastic scattering at 222 MeV
to a precision of 2xlO~8in two independent geometries
simultaneously, which will provide a crucial consistency
check on the results. The beam energy has been chosen
to ensure that only the (3/V'A>) partial wave con-
tributes to Az, as confirmed by recent Monte Carlo
calculations for the proposed apparatus. This is in con-
trast to the situation at low energy (T < 50 MeV)
where the CSo-3Po) partial wave gives rise to the
measured parity-violating asymmetries [Kistryn et al.,
Phys. Rev. Lett. 58, 1616 (1987)]. In the conventional
weak meson exchange model of the parity violating N-
N interaction, the ^P?-1 D2) partial wave amplitude is
due entirely to weak p exchange, and thus a measure-
ment of At at 222 MeV enables the weak p-nucleon
coupling constant to be determined.

The true parity-violating asymmetry depends only
on the helicity of the incident proton beam. False asym-
metries may arise from helicity-correlated changes in
other beam properties such as position, direction, in-
tensity, transverse polarization, or energy, which must
be reduced to an absolute minimum during the experi-
ment. The approach taken is to eliminate or drastically
reduce modulations of all beam properties other than
helicity and to minimize the sensitivity of the detec-
tion apparatus to changes in beam properties. We are
working closely with the TRIUMF ion source group
to optimize the performance of the new laser pumped
polarized ion source, which is crucial to the successful
outcome of the experiment.

To reduce false asymmetries due to beam-intensity
modulations, the ionization chambers used to mea-
sure the beam intensity upstream and downstream
of the liquid hydrogen target must be highly linear
(Sg/gr < 10~5). Engineering runs have determined that
in order to give the required linear operation at the
500 nA beam current that is planned for the experi-
ment, the ionization chambers must be operated at re-
duced pressure and high voltage to ensure total charge
collection in dc mode. The dependence of beam inten-
sity upon spin state has been measured for the optically
pumped polarized ion source (14), using prototype in-
beam ionization chambers, as shown in Fig. 14 (30 nA,
290 MeV). The intensity is seen to drop by 3% between
the polarized and unpolarized states, but the variation
of beam intensity upon spin reversal is found to be
less than 0.1% (6±2xlO~4 in this figure). These re-
sults are extremely encouraging, since the source was
not yet fully optimized during the tests, the degree of
polarization during this run being only 30%. Work is
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Fig. 14. Beam current as a function of time following spin
flip. (Laser pumped polarized ion source: I = 30 nA, P~0.3;
averaging time: ~15 min.)

continuing at TRIUMF on improving both the polar-
ization and intensity of the optically pumped polarized
ion source.

To reduce false asymmetries due to the relatively
large parity-allowed analysing power Ay (~10~I),
small transverse polarization components which may
be present in the longitudinally polarized beam must
be minimized. It is necessary to measure the profile
of residual transverse polarization components within
the beam envelope in order to compensate for such ef-
fects in the final data. Initial measurements have been
made, using the target deployment system (TDS) at
the Tl target location on beam line 4B. A series of
strip targets were mounted on the target ladder, which
was scanned slowly through the beam while horizon-
tal and vertical scattering asymmetries were measured.
Preliminary results for a polarization scan are shown in
Fig. 15. Measurements were made with the Lamb shift
polarized ion source, as the optically pumped source
was not sufficiently stable at the time of the run. A po-
larization monitor based on a carbon blade which scans
through the proton beam, synchronously with 4 inte-
grating ion chambers, has been designed to meet the
precision requirements of the parity-violation measure-
ments, as indicated by systematic error calculations.
This detector will be built, and tested in the coming
year at TRIUMF.

Systematic errror estimates based on a net trans-
verse polarization of 0.001 have shown that the beam
centroid must be stabilized at two points on the sym-
metry axis of the apparatus to a few fim. Our pro-
totype single loop feedback system, described in ear-
lier Annual Reports, successfully reduced beam excur-
sions to this level at frequencies up to 1 kHz. Four new
20 A, 55 V power supplies have been designed and

14
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~ 1.5 cm).

custom built at the University of Alberta for the Feed-
back system, and new analog dividers designed and
built at TRIUMF have been installed and tested. In
August a two-loop system was operated and tested
at 500 nA. It required no further gain or offset ad-
justments unless the beam was catastrophically inter-
rupted and restored to a position beyond the steering
range of the aircore magnets. Although the prototype
feedback system based on split-plate ionization cham-
bers has been extremely successful at controlling beam
position excursions, the relatively thick windows and
sense planes of these detectors cause a large amount
of beam broadening which cannot be tolerated for the
parity-violation measurements. A dual function beam
intensity profile monitor, which will greatly reduce the
amount of material in the beam path, has just been
completed and preliminary testing is under way at
TRIUMF. The monitor contains split foils to provide
input signals to the beam position feedback loop which
will stabilize the median of the beam-intensity distribu-
tion in x and y to ±3 /im. The monitor also contains
harps of 12 //rri gold-plated tungsten wires at 1 mm
spacing for measuring the beam intensity profile.

Once the key beam diagnostic elements have been
completed and independently calibrated, we will focus
on a programme of test measurements to determine
the sensitivity of the apparatus to moments of trans-
verse polarization as well as beam intensity and posi-
tion modulations. The results of these tests will bo cru-
cial in determining the next stage of the experiment.

Study of rare A" decays
BNL 787 (BNL-Prhicoton-TRIUMF collaboration)
(D. Bryman, THIVMF/Victoria)

Unique opportunities to test, the standard model are
offered in the study of A" — irvV because reliable
higher-order calculations assuming three generations
can be confronted by experiment.

Bounds on the rate for A'+ —> 7r+vV have beep in-
ferred from A" —• /I/I, from seinileptonic B-meson de-
cays, from the measured 6-quark lifetime and from the
large observed Bd-Bd mixing. The predicted branching
ratio lies in the region 1 to 7x 1O~10 depending on the
top quark mass and mixing angles. Conversely, a mea-
surement of the branching ratio would be significant in
constraining these parameters and would allow a direct
test, of higher-order weak corrections in the standard
model.

A well-specified standard model expectation for the
A'+ -+ w+i/V branching ratio is the foundation sup-
porting the use of the reaction to search for new physics
in the form of extra generations or new types of parti-
cles or interactions.

In addition to searching for reactions like A'+ —>•
Tr+vV, BNL Kxpt. 787 is also studying a number of
other rare kaon decays including A'+ —• n+ fi+/i~ and

The 787 detctor has a large geometrical acceptance
('2TT sr) for the A'+ —• w+uV decay mode, while aim-
ing to maximize the rejection of background processes
such as A"T2, A';,2. A'+ —• /i^vy and others. Sensi-
tivity for identification of unaccompanied pions from
A'+ — w+ vV is accomplished through measurements
of momentum, kinetic energy, range, decay sequence
7T — /; —• r, and nearly 47r coverage for detection of
photons.

The detector assembly was completed in March, and
the first, experimental run followed immediately and
continued through May. After initial shakedown of the
apparatus every subsystem of the detector was found
to perform well and met. expectations.

Figure 16(a) sliows an example of a calibration event
of the type A'+ — T+7r°. A blow-up of the segmented
target is shown in Fig. I6(f>). Energy and time for each
target, element, are available at present from an ADC
and a TDC, respectively, so that, incident kaon and
outgoing pion elements can be identified. The momen-
tum calculated from the track in the drift, chamber is
198 MeV, determined with resolution ap = 2.5%. The
pion track energy is found by summing the range stack
and target energies to be 97 MeV with a resolution of
<JE ~ 3% and the range is 31 g/cm2 with a resolution
of <T/f « 3%. Correlation of range energy and momen-
tum are used to verify that, the particle is a pion. In
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addition, the TT —• \iu decay pulse is observed using
the transient digitizer in the last range stack counter
hit, as shown in Fig. 16(c). The energy and timing of
the 4 MeV muon pulse can be obtained and checked
for consistency of position using the two ends of the
counter. The ft —* cvv decay is also observed with the
TD during an inspection period of 5 //s. In this event
the two photons from ir° —<• 77 are both observed.
We have determined from data that the inefficiency
of the photon veto system is ?̂ o < 4 x 10~6 for 7r°'s
from AV->> which is consistent with expectations of the
Monte Carlo calculations.

The central drift chamber system was entirely de-
veloped at TRIUMF. The active volume is enclosed by
Al endplates and graphite-epoxy cylindrical walls. The
chamber is arranged in five layers of multiple sense-wire
cells. Three layers are axial and two are at a stereo an-
gle of 3.5°. The wires are staggered by 500 //m from
the cell axis to provide local resolution of the left-right
ambiguity. Six central sense wires are used resulting
in up to 30 points measured on a track. The Lorentz
angle of drift is 25° for a magnetic field of 1 T. Since
only the central six wires are used, there is no loss of
efficiency and a good distance vs. time relationship is
maintained throughout.

The electronics built at TRIUMF consists of an on-
board low power (30 mW) hybrid preamplifier with
output transmitted to an amplifier-discriminator. Drift
times are measured with LRS 1879, 500 MHz Pipeline
TDCs. The measured rms resolution from the elec-
tronics system is approximately at ~ 1 ns, result-
ing in a 50 pm uncertainty for argon-ethane gas with
Vd = 5 cm/fis. The typical minimum position res-
olution obtained under operating conditions is <r ~
150 ftm, which results in momentum resolution of ap-
proximately 2.5%.

The TRIUMF group also constructed the two lead-
scintillator sampling calorimeter endcap veto detec-
tors. Together these detectors cover 37% of the solid
angle. NE104 scintillator and lead sheets are positioned
transverse to the beam axis and 24 azimuthal segments
are read out via BBOT wave length shifter bars by
phototubes located outside the magnet. The detector
produces 10 photoelectrons per visible MeV energy de-
posited, which allowed a low threshold of 1 MeV to be
used.

The energy calibration and the balance of the end-
caps was done using monoenergetic rnuons from the de-
cay A'+ —> fi+Vp. The technique is also used to monitor
any changes in the gains of the phototubes. By mea-
suring the energy of the two photons coming from the
decay of the monoenergetic 7r°'s of the A'+ —• 7T+5r° de-
cay and thus reconstructing the ir° energy, the fraction
of visible energy over incident energy was determined

to be 0.312, consistent with expectation.
The beam counter system consists of several scin-

tillators, two scintillator hodoscopes, three planes of
MWPCs and a Cerenkov counter. All but the latter
were built at TRIUMF. The MWPCs use a fast CF4

gas mixture and special home-built hybrid electronics
including the post-amp/discriminator system built for
the central drift chamber. All elements performed well
at the highest rates (up to 5 MHz) encountered. A new
hodoscope and several new beam veto counters are be-
ing constructed for the 1989 run.

Two types of 500 MHz transient recorders (TD) will
be used in Expt. 787.100 channels of TDs built at BNL
using a Tektronix FADC were operational on the range
stack during the 1988 run. Another 100 channels are
anticipated for 1989. A prototype TD system based on
the TRIUMF 128-bucket gallium arsenide CCD is un-
der development at TRIUMF with the goal of installa-
tion during 1989. The 500 MHz CCDs offer potentially
a wide dynamic range (>9 bits) TD at low cost (total
cost <$350/channel is the objective). The readout of
the CCDs will be accomplished using 15 MHz FADCs
packaged in FASTBUS developed by a Delphi group
at Ames, Iowa. 64 channels of the Ames FADC are
presently operational at TRIUMF.

The data acquisition system for Expt. 787 for the
1988 run consisted of three main components:

• A FASTBUS-based system made of 7 crates daisy
chained to each other via SSP microprocessors that
were each recording data independently during the
beam spill. Event rejection based on energy sums from
ohe ADC data and w-fi recognition from the transient
recorder data was implemented in the various SSPs.

• A CAMAC-based system used for controlling and
monitoring the ADCs and high-voltage supplies.

• A group of VAX computers linked via Ethernet.
One computer was connected directly to the FASTBUS
system, another to the CAMAC system, and the third
one was dedicated to monitoring the data.

Reconstruction routines for the drift chamber, beam
counters, range stack and endcap veto have been writ-
ten by members of the TRIUMF group. A package of
subroutines has been written which outputs the results
of the reconstruction so that it is not necessary to redo
the reconstruction on subsequent passes through the
data. A version of the analysis program KOFIA with
all its reconstruction routines has been written for the
ACP microprocessor farm computer system sis well as
for VAXes.

Analysis has been performed using the ACP system
on all the valid K —* ituv data taken during the 1988
run. Refinements including fitting of the transient dig-
itizer data have been incorporated in subsequent anal-
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yses. Work is also proceeding on determining all ac-
ceptance and efficiency factors so that a result from
this dataset may be obtained. In addition, parallel ef-
forts are in progress to analyse A'+ —<• n+^i+fi~ and
A'+ —• ir+-yy data and to determine the magnitude of
potential backgrounds for the A'+ —» ir+ VV search.

Potentially good quality data for the A'+ —» w+uV
experiment were taken during the last few weeks of the
1988 run at a beam rate of approximately 150 K A'+

stops/pulse. These data are presently being analysed
and are expected to provide an improved sensitivity
over previous searches for A"+ —• n+ t/V.

Measurement of A —• ny
DNL 811 (Birminghaiii-BNL-Boston-Case
Western-New Mexico-Princeton-TRIUMF-UBC
Collaboration) (D.F. Measday, UBC)

The results for the 1987 run have now been com-
pletely analysed and most of the manuscripts have
been submitted for publication.

The decay £ + —+ py was the thesis of Nigel Ilessey of
Birmingham University. The observed t . inching ratio
was(1.45±0.20±0.11) xlCT3 with 408 events, which is
a significantly larger data sample than previous exper-
iments. The result is consistent with other results and
the overall error comparable to typical experiments.

The other two completed theses are from Boston
University and concentrated on the data taken with the
high-resolution 7-ray detector BUNI. Negative kaons
were stopped in both hydrogen and deuterium targets
and the singles 7-ray spectrum was observed. The the-
sis of David Whitehouse was on the hydrogen data,
and two capture reactions were cleanly observed for
the first time. The branching ratios, at rest, are

h'-p -> A7 DR = 10"-3 (499 events)

K~p — £7 BR = (1.44±0.23) x 10~3 (850 events)

The Ay ratio is significantly less than a previous ob-
servation but the line was not cleanly identified in that
measurement. The £7 reaction had not been observed
before. Both branching ratios are less than predictions
of the cloudy bag model and the nonrelativistic quark
model. The phenomenological model of Fearing and
Workman has a little difficulty with the very low value
for Ay, but is the most satisfactory of available calcu-
lations.

Tho reaction K~ d —* Any at rest was also observed
for the first time with the measured branching ratio
being

A'"d — Any BR = (1.94±0.12±0.20) x 10"3 .

It is surprising that it is larger than the branching ratio

for K p —* A7. The shape of the spectrum is consistent
with a reasonable An final-state interaction. However,
the data ai-e not adequate to obtain an improvement
on existing measurements of the scattering lengths a,
and at.

The experiment equipment was completely removed
in 1987 and the crystal box from LAMPF was placed
in the LESB II channel. During the spring run 1988
data were taken with the crystal box, with a view to
observing the rare decay A —> ny. Over 1200 magnetic
tapes of data were accumulated bat we shall be lucky
if the density of useful events is more than one per
tape. The on-line analysis showed that everything was
working reasonably but a lot of off-line analysis will be
required to separate out the signal. This will become
the thesis of Anthony Noble of UBC.

A second run will occur January-March 1989 and
there will be less need for engineering checks, so more
useful events should be observed. We also intend to
have some data with in-flight kaons to find how the
detector responds. Unfortunately the main crystals art-
only 12 radiation lengths deep (30 cm of Nal), so the
resolution for higher-energy gamma rays will be quite
poor. One needs about 18 radiation lengths for a few
hundred MeV 7-ray if you want 3% to 5% energy res-
olution. For comparison the crystal barrel at LEAR is
composed of modules 16 radiation lengths deep (30 cm
of Csl). It also has a much larger coverage of solid angle
and 1380 crystals, so it is a formidable new detector
and defines the present state of the art. However, we
can obtain some useful technical information with the
crystal box and will use this for defining detectors for
KAON.

Measurement of spin-dependent observables in the
pp elastic scattering from 450 to 700 MeV/c
CERN PS198
(D.R. Gill, G.D. Wait, TRIUMF)

The theoretical approach to NN scattering is mainly
based on potential models. The first ingredient of this
description is a form of theoretical NN potential,
based on meson exchange, which is C-parity trans-
formed to an NN potential. This <7-parity transforma-
tion reverses the signs of the potential contributions of
the odd (j-psrity meson exchanges. Important in this
representation is the tendency for all mesons to yield a
contribution of the same sign to certain components of
the interaction. In the NN system, scalar and vector
meson exchange add coherently in the spin orbit term,
while they tend to cancel in the central part. In the
N N potentials coherences occur in the central, tensor
and quadratic spin orbit contributions. This different
behaviour Jeads to the st ong NN attraction and is ex-
pected to have very striking consequences for spin ob-
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servables. The second ingredient in NN models is some
kind of annihilation mechanism. The annihilation cross
section is large and is responsible for the large imagi-
nary part of the potential. Several different approaches
exist for describing the annihilation, all with results
that fit reasonably well the existing data on the spin-
integrated cross sections. For the spin-dependent ob-
servables the situation is completly different: the pre-
dictions depend consistently on the theoretical inputs.
Therefore the measurement of spin observables in the
pN elastic scattering will provide useful constraints to
define the proper set of parameters of the NN poten-
tials. This, provided that the data are obtained over
the full angular range, because the different theoreti-
cal predictions differ significantly in different angular
domains.

This was the main motivation of Expt. PS 198 per-
formed with the antiproton beam of the LEAR facility
at CERN. Measurements were made of the full angu-
lar distribution of the differential cross section da/dQ
and of the analyzing power Ay in pp elastic scatter-
ing at 450, 550 and 700 AleV/c. Thus far only the
700 MeV/c data has been submitted to a preliminary
analysis. At this energy data on da/dQ have already
been published [Eisenhandler et al., Nucl. Phys. 113,
1 (1976); Kageyama el al., Phys. Rev. D 35, 2655
(1937)]. In regard to Ay a few points, with large error
bars, have been measured in a double scattering ex-
periment [Kimura et al., Nuovo Cim. A71, 438 (1982)]
and, more recently, data in a more restricted angular
domain, have been produced at 679 and 783 MeV/c
[Kunne et al., Phys. Lett. B206, 557 (1988)].

The experimental setup is shown schematically in
Fig. 17. Monitoring of the beam was provided by
counter (1). This counter consisted of a thin scintil-
lator F, 0.3 mm thick and of an antihalo scintillator
FH, 5 mm thick, with a circular hole of 2 cm. FH was
put in anticoincidence with F to give the signal F0.
When the beam was focused on the polarized target
(2),typical counting rates of FH were less than 2% of
F. An additional relative monitoring was provided with
counter 3 (Fig. 17), that consisted of two scintillator
slabs put to view the target at 0° but out of the scat-
tering plane and the acceptance of the spectrometer.
The polarized target consisted of a slab of pentanol
5 mm thick, 1.8 cm high and 1.8 cm wide. The 2.5 T
magnetic field, needed to polarize the protons, was pro-
duced by a superconducting split coil magnet, supply-
ing a vertical field. The proton polarization was deter-
mined by comparing the dynamic polarization signal
with the natural polarization signal at thermal equi-
librium. Typical polarization values of approximately
0.80 were obtained with relaxation times in the frozen
spin mode of the order of 150 h. The scattered particles

I - ANTI PROTON COUNTERS

1 - POLARIZED TARGET

3 - MON COUNTER"

(, - MWP CHAHBFR CHO

• COUNTER 3 IS OUT OF THE PLANE Of THE FIGURE ( 7

ri - SPES II

6 - MWP CHAMBERS

7 - SCINTILUIORS
8 - FOCAL PLANE

Fig. 17. Experimental setup.

were detected and momentum analysed with the mag-
netic spectrometer SPESII. In order to cover the full
angular domain in the cm. system, we detected p for
the forward cm. angles and the recoil p for backward
cm. angfes, rotating and/or reversing the magnetic
field of SPESII to get the convenient cm. angular set.

The detection system of the spectrometer consisted
(Fig. 17) of four MWPC, all of them with x and y
planes, and a scintillator counter S. The trigger was
F0*S. A precise measurement of time of flight, made
with these two counters, provided the appropriate se-
lection of the required particle (p or p) against the
other products, mainly pions, of the interaction of the
p beam with the target. With the co-ordinates at the
focal plane and the transfer matrix of SPESII the com-
plete kinematics of reaction was reconstructed, and the
missing mass determined. In this way the pp elastic
channel was seperated from the contributions of the
nuclear content of the target. Around 0\ab ~ 45°, where
the energy of the detected particle was minimal, angu-
lar and energy straggling considerably deteriorated the
resolution on the missing mass. In order to investigate
the possible contaminations from quasielastic scatter-
ing or other reactions on the nuclear content of the tar-
get we added a recoil counter. This wae put at 0 ~ 90°
with respect to SPESII and rotated with it. It con-
sisted of a scintillator slab and a MWPC, with x and
y planes and covered the full acceptance of SPESII. It
was efficient for the detection of the recoil particle, p or
p, in the angular domain 70° < cm. < 110°. Through
track reconstruction and coplanarity selection it was
shown that, even in that angular domain, background
contami/iation was negligible.

In a preliminary run with a proton beam the ap-
paratus was checked by measuring da/dQ and Ay in
pp elastic scattering. The results were consistent with
phase-shift compilations. From the measured p spin-
dependent cross sections at 702 MeV/c the prelimi-
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NUCLEAR PHYSICS AND CHEMISTRY

Experiment 300
Polarization transfer in the ;>;>
(I).A. Ihitchron, TRIUMF)

reaction

Complete determination of the amplitudes for pp —*
requires measurement of "polarization transfer",

that is, the correlation of proton beam (or target)
polarization with the polarization of the outgoing
deuterons. Partial-wave amplitude fits by Bugg and by
VV'atari and collaborators have included other available
spin obsorvables involving polarized beams and/or tar-
gets. These data left poorly constrained certain phases
between amplitudes, with the result, that the Bugg and
Watari solutions predicted vastly different vector-to-
vector polarization transfers in pp —• C/TT"1". This situa-
tion led us to make a measurement of the sideways-to-
sideways polarization transfer A,., at. 507 MeV using
the focal plane polarimeter (FPP) of the medium res-
olution spectrometer at THIUMF.

As reported in last year's Annual Report, we ob-
tained asymmetry liata at seven centre-of-mass nngJet
in the range 20° to 155°. In October of this year we
were able to measure the analysing powers for the FPP
using a polarized deuteron beam. This was done at
the Laboratoire National Saturne synchrotron in a set-
up which produced all of the polarization components
' ' n . '20. '211 a l 'd t'j^', analysing powers were measured
at, 150, 200, 275 and .550 MeV.

With these results v.v are able to make a precise
prediction for measured asymmetries given a partial-
wave amplitude solution. Figure 19 shows our asymme-
try data compared to the Bugg and Watari solutions.
There is a clear-cut preference for the former solution.

a
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Fig. 19. Our results for polarization transfer in the pp —•
dK+ reaction at 507 MeV. The curves are predictions of
partial-wave amplitude sets fitted to previous data.

Experiment 328
Multi-miclcoii modes in pion absorption on 4He
(P. Wcbcr, UBC)

For a long time the understanding of pion absorp-
tion in nuclei was dominated by the picture of 2.Y-
absorption nNN —• NN (quasifree absorption), in
analogy to the free ltd —> A'.Y case. The measurement
of quasifree absorption in carbon '-'('(7r+,/>/>) at 1K =
165 and 245 MeV [Altman el al. (Phys. Hev. Lett. 50
1187(1983)] with only 10% 2A'-absorption out of the
total absorption cross section shed some doubts on the
prevalence of the quasifree absorption model. Recently
pion absorption measurements with ''He have been per-
formed at TRIUMF and PS1 (SIN) also in kinematical
regions, where 2A'-absorpt.ion is strongly suppressed.
A three-nucleon absorption cross section proportional
to the three-nucleon phase space (constant matrix el-
ement) has been reported by Backenstoss tl al. [Phys.
Rev. Lett. 55 2782 (1*185)]. The results by Aniol ,t
al. [Phys. Rev. 0 33. 1711 (1!>8(>)] reveal proton en-
ergy spectra proportional to phase space, whereas the
two-fold differential cross sections lluctuate by a lac-
tor of two, depending on the choice of the counter
geometry. The ratio of [].\ to 2A' absorption is sur-
prisingly high, although different for the two experi-
ments. The 3A' absorption cross sections amount to
20-40% of the to'al absorption cross section between
1\ = 62 and 120 MeV. It is important to investigate
this absorption process in further detail as the reac-
tion w -f 3.V —> ,'{.V implies an interaction of a pion
with three nucleons. In Expt. 328 TT+ absorption in 'lie
has been studied at 'l\ — 1()5 MeV. The experimental
set-up in the TRIl'MF Mil area consisted of a liquid
'1IIe target and four detectors (Fig. 20). Three pro-
ton coincidences from the reaction !He(7r+,/>/>/>)" Wl>lv

accepted in any counter combination that allowed a
kinematically complete analysis of this reaction. In two
detectors (RA.RB) the protons were stopped, whereas
the other counters (TA.TB) measured time of Ilight
over a distance of 2 in.

All four counters were equipped with wire cham-
bers (MWPC), allowing trajectory determination and
target traceback. Thin (//T-counters were placed in
between the target and each detector, allowing a
hardware-trigger on charged particles, anil enabling
particle separation in dE-E plot . during the software
analysis (Fig. 21). The energy response of RA ami RB
as well as the time of flight for TA and TB were cali-
brated via the two-body reaction ltd —<• pp with a liquid
deuterium target. The properties of RA and RB are
described in detail by Z. Papandreou et al. [Nucl. In-
strum. Methods A268, 179 (1988)]. The time-of-flight
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Fig. 20. Typical set-up for Expt. 328.

resolution for TA and TB is better than 1 ns and trans-
lates to an energy resolution of 10 MeV (FWHM) at
100 MeV proton energy. The coincidence measurement
of three protons after pion absorption in 4He is kine-
matically complete.

First results are reported here from a geometry with
RA at 40°, RB at 100° and TA at -70°, respectively.
During the software analysis cuts were imposed on
the proton bands in three detectors (Fig. 21), good
wire chamber information was required, and the event
had to be originated from the target cell. For the
data interpretation a Monte Carlo programme calcu-
lated three-nucleon and four-nuclec phase space with
built-in geometry and energy thresholds. The analysed
events can be compared with the MC simulation in
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all energy and angle variables. It is, however, conve-
nient to concentrate on a variable, which reveals infor-
mation about the reaction mechanism. The momen-
tum pn of the undetected nucleon (spectator) seems to
be an appropriate variable to calculate from the ex-
periment and MC simulation (Fig. 22) contains the
measured neutron momentum distribution, along with
the MC simulation of quasifree three-nucleon absorp-
tion. There is substantial agreement between measure-
ment and simulation in the momentum region of 0-
250 MeV/c, indicating that the TT+ was absorbed by
three nucleons having opposite Fermi momentum to
the spectator neutron. A .^cond bump around 300
MeV/c can be attributed to final-state interaction of
one of the outgoing protons with the spectator neutron.

The result of this experiment can be directly com-
pared to an experiment at PSI [Backenstoss el a/.,
Phys. Rev. Lett. 61, 923 (1988)], where 120 MeV TT+
were absorbed in 4He as well. Three-proton coinci-
dences as well as ppn-coincidences were recorded si-
multaneously. The analysis in terms of the spectator
momentum distribution leads to the same conclusion.
The second bump at 300 MeV/c has been observed
even stronger, which can be explained by the special
geometry, favouring final-state interaction.

Experiment 331
Spin-transfer measurements in x+rf —» p+v
(G. Jones, UBC)

An extensive program of spin-dependent measure-
ments of the p+p —• d+ir reaction has been carried
out in recent years in order to provide an experimental
determination of the partial-wave amplitudes for this

480 -
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Fig. 21. dE-E plot showing the particle separation in RA.
The solid curve defines the cut on protons.

Fig. 22. Neutron momentum distribution for the reaction
4He(jr+ ,ppp)n.
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fundamental pion reaction. Most of this work has in-
volved the measurement of spin-correlation parameters
obtained by bombarding a polarized proton target with
a polarized proton beam. It has been clear, however,
that additional measurements which depend on the
deuteron spin are required before a unique amplitude
determination can be carried out. The first of these,
itu, the vector analysing power, was measured (for the
inverse reaction) by utilizing a polarized deuteron tar-
get. The remaining measurements which are required
are the spin-transfer parameters. Although these have
been known to be extremely important in constraining
the partial-wave amplitude fits, they have experimen-
tally been the most challenging to obtain.

Our approach for measuring the spin-transfer pa-
rameters also utilizes the inverse reaction. It involves
the measurement of the polarization of one of the out-
going protons when the pion is absorbed on a polarized
deuteron target. This year measurements of KNN were
measured for a proton angle (lab) of about 30° for pion
kinetic energies of 105,140, 180, 205 and 255 MeV (cor-
responding to proton energies in the inverse reaction
of 500, 570, 650, 700 and 800 MeV, respectively). This
data represents the completion of our program of mea-
surements of KLS, KSS and A'JVJV initiated last year.

This technique provides the benefits of a well-defined
deuteron vector polarization (typically >30%, with
an additional small, calculable tensor component), to-
gether with straightforward "polarimetry" techniques
for measuring the polarization of the outgoing p*o-
ton. From the tensor information, in fact, Mathie et
al. (Regina) will be analysing the data with a view to
extracting the tensor analysing power for the reaction
(Expt. 303).

The production of proton pairs from background re-
actions associated with pion absorption ia the nuclear
target material was distinguished from the reaction of
interest by imposing appropriate kinematic constraints
on the two-proton events. By imposing appropriate
cuts on the polar and azimuthal angular correlations,
the background contamination could be reduced to a
level of a few per cent. In order to reduce the amount
of data stored on magnetic tape, a front-end proces-
sor (SEN J-ll Starburst) was employed to reject any
events associated with a scattering angle in the carbon
of the polarimeter by less than 6°.

The technique was tested by analysing a set of un-
polarized target runs. The data were obtained for pi-
ons of 205 MeV with the polarimeter at an angle of
27° (lab). During these runs a longitudinal magnetic
field at the target was maintained at the usual value
of 2.5 T. The normal component of line polarization
of the outgoing protons is known (by time-reversal in-
variance) to be equal to the analysing power for the

Table I.

Measured Predicted
polarisations polarizations

% (%)

Normal polarization 36.5±2.4 36.5
Sideways polarization 10.8±2.5 12.6

inverse reaction: p+p — d+ir (a reaction which has
been extensively studied in this energy range). Since
the deuterons in the target were unpolarized, there is
no sideways component of the polarization of the out-
going protons. For an unpolarized target, then, both
components of the transverse polarization of the out-
going protons are known, a situation ideal for testing
the analysis algorithms, especially susceptibility to sys-
tematic errors. By maintaining the magnetic field at
the same value as that required for the spin-transfer
measurements, the effects of precession (by ~10°) in
the transverse plane could also be tested.

Table I lists the values measured in this way for the
normal and sideways proton polarizations at the po-
larimeter. In the second column of Table I are the val-
ues expected on the basis of the known analysing power
for the time-reversed pp —«• dir reaction, corrected for
the spin precession at the target. The excellent agree-
ment between these two sets of numbers confirms not
only that systematic effects are well under control, but
also that the analysing power of the polarimeter (taken
from values published by the Geneva group) is consis-
tent with expectations based on analysing power mea-
s-umroTris ©Y the mveTse leattiott-

Analysis of the spin-transfer results for the full data
set obtained using the polarized target is now under
way. So far, KLS results have been obtained for pion
kinetic energies of 105 and 205 MeV (corresponding to
500 and 700 MeV proton kinetic energy in the time-
reversed reaction). These are: 0.078±0.038 at 0 = 32.5°
(corresponding to 147.5° in the time-reversed reaction)
and 0.198±0.029 at 0 - 34.5° (145.5° for the time-
reversed reaction), respectively. The values expected
on the basis of Bugg's partial-wave analysLs are: 0.173
and 0.342, respectively.

With this data included with the rest of the spin-
dependent data for the inverse reaction, the extent to
which the partial-wave amplitudes describing the reac-
tion are constrained by these new results can be evalu-
ated. An illustration is provided for the 105 MeV case
in Fig. 21. Figure 23(a) shows how well the spin-cor-
lation data measured by a number of different, groups
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ferent groups can be fit by different sets of partial-wave
amplitudes (in this case two solutions are shown, solu-
tions which yield essentially equivalent \ 2 values). In
Fig. 23(b) the effect of including our KLS datum into
the database is illustrated. One of the original solutions
(shown by the solid line) changes to that shown by the
dashed line, a result which is more consistent with our
measurement. Although the other solution (shown by
the dashed-dot line) also "moves" toward the datum
point, it is incapable of yielding a good fit to our mea-
surement without at the same time yielding a poor fit
to the spin-correlation data. It is expected that, with
the inclusion in the database of our results for h'ss
and KNN as well as KLS, all ambiguities of this type
in the partial-wave amplitude fits to the data will be
resolved for the energies investigated.

Experiment 359
Part II, Measurements of the spin-flip probability
Snn for inclusive inelastic scattering of 290 MeV
protons from 44Ca
(C. Glasliausscr, Rutgers; 0- Hausser, SFU/TRIUMF)

Diffential cross sections (<r), analysing powers As,
spin-flip probabilities Snn, and spin-flip cross sections
ffSnn have been measured for the inelastic scattering of
290 MeV protons from 44Ca. Data were taken over the
angular range from 3° to 12° in the laboratory (mo-
mentum transfer q up to about 150 MeV/c) for energy
losses u> generally up to about 50 MeV, but extend.ng
to about 75 MeV at 7°. t h e Snn measurement » de-
signed to determine the relative spin response of Ca,
the percentage of the 44Ca response to intermediate-
energy protons which transfers spin (S=l) to the nu-
cleus. Multipole decomposition of the crSnn data de-
termines the distribution of spin excitation strength in
the nucleus.

The Snn data at 7° are shown in Fig. 24. They show
the same features as 5 n n data for 4°Ca at 319 MeV
measured up to energy losses of 40 MeV [Glashausser
et al., Phys. Rev. Lett. 51, 1526 (1987)]: small values
of Snn at low w, slowly increasing through the region
of 5=0 giant resonances around 18 MeV, and reach-
ing a maximum of about 0.40 at high w. These val-
ues reflect the predominance of 5=0 correlations in
the nucleus at low w, and S=l correlations at high
w The value of 0.40 is considerably higher than the
free value of about 0.25, and indicates that the nuclear
response is more than 80% 5=1 at these excitation en-
ergies. Such behaviour has now been seen for a num-
ber of nuclei between 12C and 90Zr in measurements
both at TRIUMF and LAMPF [Baker el al, Rutgers
Univ. preprint, in preparation]. The strong enhance-
ment of SrM at high excitations could not be explained

*ta(p,p') 290 MeV
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Fig. 24. Spin-flip probability for inelastic scattering of
290 MeV protons from "Ca at 7°.

in calculations based on the response of a semi-infinite
nuclear slab with RPA correlations, although the qual-
itative shape of the spectrum was reasonably well de-
scribed [Glaushausser et al., op- cit.] The data shown
here were extended to 75 MeV to determine whether
the enhancement disappeared if the excitation energy
increased beyond the region where spin resonances are
expected. Such a resonance - which can be found in
the multipole decomposition of the <rSnn data - might
reasonably be considered as the source of the enhance-
ment, but by definition it should be moderately nar-
row. The fact that Snn is approximately flat above
40 MeV indicates that some other explanation must be
found. In Baker et al., where these and other Snn data
will be reported, fully microscopic RPA calculations
by Castel and by Wambach are shown which suggest
that the explanation of the enhancement lies in the ex-
haustion of 5=0 strength at lower excitation energies
combined with some enhancement of 5=1 strength at
high excitation energies. Even these calculations, how-
ever, are not yet satisfactory over the entire range of q

and w.
A preliminary spectrum of the (rSnn data at 3° is

shown in Fig. 25. Some anomalies appeared in the ab-
solute cross sections in the original run from which
Fig. 25 is taken. New data taken this fall are cur-
rently being analysed. Because the spin-flip probabil-
ity for 5=0 resonances is essentially zero, and because
the same is true for any instrumental background, this
spectrum corresponds to the spectrum of spin excita-
tions in 44Ca. The strong bump near 20 MeV, very
close to the position of the 5=0 giant Hipole resonance
seen in the a spectrum, corresponds to the spin dipo\e
in 44Ca. A weak structure on the low-energy side of this
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Fig. 25. Spin-flip probability for inelastic scattering of
290 MeV protons from 44Ca at 7°.

resonance at about 10 MeV is likely due to the excita-
tion of a weak Ml resonance. This spectrum should be
compared with similar data at the same angle taken
in Part I of this experiment for 54Fe, where an Ml
resonance is a very prominent feature [Hausser et al.,
in preparation]. Quantitative results for the strengths
of these states await a multipole decomposition which
will be performed when the new absolute cross-section
data are available.

Experiment 372
Single-pion production in np scattering
(N.E. Davison, Manitoba)

The detection apparatus for Expt. 372 (np — ppw~)
consists of a charged particle tracking system, a time-
of-flight system plus several systems for calibration and
monitoring. The tracking system consists of 12 drift
chamber planes, 4 each in the x, y and u directions,
the latter at 45° to x and y. The drift chambers cover
the entire solid angle into which the two protons in the
final state can be emitted. The TOF system consists
of a single TOF start detector and a segmented TOF
stop array also covering the angles into which protons
can be be emitted. Although the neutron beam passes
through the central regions of both the drift chamber
and TOF systems, the coincidence requirements in the
trigger reduce accidental false triggers to a negligible
level.

These detectors were installed in 1987 and tested in
1988. In addition, detectors were installed and modifi-
cations made to the trigger electronics to 1) determine
and monitor the efficiency of all detectors, 2) determine
during data acquisition, the alignment of the appara-

tus with respect to the neutron beam, 3) obtain a data
sample with pions at large angles for testing the Monte
Carlo simulations, 4) normalize the np —• ppit~ data to
np elastic scattering, and 5) reduce false triggers due
to events originating elsewhere than in the target.

Since the np —* ppv~ reaction has three particles in
the final state, all three analysing powers Ax, Ay and
Az are in principle nonzero. It is therefore essential to
know the polarization components of the beam along
all three co-ordinate axes. A second neutron polariza-
tion monitor was therefore installed upstream of the
neutron spin precession dipoles to augment the exist-
ing polarization monitor downstream of the target.

Experimental efforts during the past year have cen-
tred around several short test runs plus a major test
run in July, during which the full detection apparatus
was brought up and tested with the goal of obtaining
high-quality data sufficient to test the data analysis
programs and to enable decisions to be made concern-
ing the fraction of time to be spent acquiring data
in the various trigger modes. Over the course of the
year, phase-restricted cyclotron operation was made
"routine" with proton beam bursts of less than 0.5 ns
FWHM. A detection system was installed in the SFU
chamber to monitor the width of the proton burst and
its phase with respect to the cyclotron rf. Software was
written to run on the cyclotron VAX-730 computer for
monitoring the proton beam burst and to transmit di-
agnostic information to the MRS VAX-750 data acqui-
sition computer.

Data analysis programs are presently being devel-
oped and tested against both real data obtained during
the test runs and Monte Carlo data. Software for mon-
itoring all crucial variables is being written to run con-
currently with data acquisition on the MRS VAX, and
a full analysis program including detailed maximum
likelihood event reconstruction is being assembled to
run on the cluster, receiving data over Ethernet for as
many events as the cluster can analyse in real time.

Experiment 375
Few-body physics with the
reaction (E.L. Mathie, Regina)

deuteron break-up

Analysis of the previously measured cross sections
for 36 pion-proton angle pairs at 134, 180 and 228 MeV
was extended to include an out-of-plane acceptance
correction. This correction was extracted from the
data, using the difference in time of flight from the
two ends of the timing counter in each arm. This cor-
rection factor is iargest for those coincident arms lo-
cated near the free pion-proton kinematical locus, and
negligible for cases far from the quasifree region. A
parasitic test was performed in July to confirm the
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height (in time units) which was convoluted with the
time-of-flight resolution for comparison with distribu-
tions extracted from the data. With this correction ap-
plied one finds typically good agreement with calcula-
tions of Garcilazo on the low-momentum side of the
distributions, up to 30% differences in the region of
the quasifree peak, and frequent disagreements on the
high-momentum side of the distribution. Two publica-
tions of this work are in different stages of preparation.
The first discusses in detail the analysis technique with
comparisons to other techniques previously used, and
the second will discuss the energy dependence of the
cross sections.

Measurements of the vector analysing power for the
same broad range of phase space were completed in
January using the TRIUMF polarized target. The ex-
perimental technique involved measurements with the
polarized target cell, a background cell and a polythene
timing calibration target. As for the cross section ex-
periment, a multi-arm time-of-flight arrangement was
employed to register an event for 36 angle pairs of pion
and proton. Data analysis is under way, and prelimi-
nary results should be available by summer of 1989.
This material will form part of the Ph.D. work for
Regina graduate student, D.M. Yeomans.

Experiment 394
Absolute jr±p differential cross sections at
low energies (G.R. Smith, TRIUMF)

Angular distributions have been measured on the
Mil and M13 beam lines at TRIUMF for both v+p
and n~p elastic scattering differential cross sections
at incident pion energies of 30, 45, and 67 MeV. Two
techniques were used for n+p at 67 MeV, one involv-
ing passive targets (a single arm experiment), and the
other using active scintillator targets to detect coinci-
dent recoil particles. Measurements at the lower inci-
dent energies were made using the active scintillator
target technique only. The' cross sections were mea-
sured at scattering angles ranging from 50° to 150° in
the centre-of-mass system. Statistical uncertainties are
typically 3% and absolute normalization errors 2%.

The active target results were obtained in an experi-
mental configuration consisting of six two-element scin-
tillation counter telescopes for detection of the scat-
tered pions. Data were thus acquired at six angles si-
multaneously. The distance between the two scintilla-
tors in a given telescope was varied as a check on our
ability to reproduce multiple scattering and decay ef-
fects by Monte-Carlo simulation. The active target was
adjusted such that the trajectory of recoil protons was
in the plane of the target. The correction for protons
escaping from the surface of the target, thus depositing

Tn = 66 8 MeV

• present work

reference 1

180

Fig. 26. The results of the single-arm measurements at
66.8 MeV from this experiment are shown (solid points)
together with the earlier results from Brack et al. (open
points). The KH80 and WI87 phase-shift solutions at this
energy are also plotted.

less energy than expected, was studied in several ways,
including the use of a dual target, system in which these
escape corrections cancel, and by extensive variation of
the target angle.

At 67 MeV these measurements are in good agree-
ment with earlier published data for both n+p and
?r-p [Brack et al., Phys. Rev. 34, 1771 (1986); Phys.
Rev. C 38, 2427 (1988)]. There is generally very good
agreement between the measured cross sections for ;r~p
and both the Karlsruhe (KH80) and the SAID (SM86)
phase-shift solutions at all three energies, but the Tr+p
cross sections lie significantly below both phase-shift
solutions at 45 and 67 MeV. The discrepancy for v+p
is typically several standard deviations.

The results of the single-arm portion of the experi-
ment have just been published. The results of the active
target portion of the experiment are in the final stages
of analysis, which includes extensive Monte-Carlo cal-
culations of the many different experimental geome-
tries which were used as systematic checks. The final
results will be available early in 1989.

Experiment 405
Spin response of magnetic dipole transitions in
156Gd and 164Dy
(D. Frekers, TRIUMF)

Collective magnetic dipole transitions have recently
been discovered in the deformed rare earth nuclei
[Bohle et al., Phys. Lett. 137B, 27 (1984); Phys. Lett.
148B, 260 (1984); Nucl. Phys. A458 205 (1986)]. To
generate these transitions, it is belie.-ed that proton
and neutron deformed fluids perform rotational oscil-
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lations against each other ("nuclear scissor"). The ex-
citation constitutes an isovector Ml transition, whose
B(M1) value is dominated by convective current con-
tributions. The properties of such states have been well
described using the two-fluid concept of the interacting
boson approximation (IBA), i.e. IBA-2.

We have measured the Ml transition in the ro-
tational nuclei 164Dy and I56Gd using intermediate-
energy proton scattering in order to assess the spin
contamination. No significant spin strength (<2% of
the total strength) is found in 156Gd, whereas in 164Dy
about 20% of the total B(M1) strength is attributed to
spin excitation.

This difference between the spin response of 156Gd
and 164Dy is not expected within the framework of
the IBA-2. The present results indicate that the un-
derlying shell structure still has a prevailing effect.
Such shell effects have been predicted by Nojarov
and Faessler [Nucl. Phys. A484, 1 (1988)], who have
performed R.PA calculations for six rare earth nuclei
(154Sm, 15«.I58Gd, '«Dy, i6SEr, and 1MYb) using a
self-consistent symmetry restoring quadrupole interac-
tion. The calculated configurations lead to predomi-
nantly orbital excitations, except for 1MDy , where the
leading term is a two-proton quasiparticle spin-flip con-
figuration of the type [541] 1/2 — [541]3/2 (2/ 7 / 2 -»
lftii/2) resulting in a 90% spin admixture overall for
the isovector Ml-transition. This is far larger than our
experimental result, yet the observed difference be-
tween 1S6Gd and 164Dy is in qualitative agreement.
Since the above-mentioned configuration is also ac-
tive in 158Gd, a similar experiment on this nucleus is
planned.

The work has been accepted for publication in Phys.
Lett. B.

Experiment 413
Cross sections and analysing powers for the
3He(p, vr+)4He reaction in the energy range
from 250-515 MeV
(W.R. Folk, K. Furutani, Manitoba)

Beam time for this experiment was received in the
fall, and detailed angular distributions of the differ-
ential cross sections and analysing powers were mea-
sured at proton bombarding energies of 300, 416 and
507 MeV. The present experiment was performed with
the liquid 3He target and the medium resolution spec-
trometer (MRS) using an achromatic beam of polar-
ized protons and currents in the range from 4-35 nA.
Use of a dispersed beam with the 44 mm diameter cell
would have been problematic and, moreover, was quite
unnecessary, given the good peak-to-background ratio
obtained in the spectra. The approximately 11 mm
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Fig. 27. Focal plane spectra of the 3He(p, JT+ )4He reaction.

thick target cell represented a 3He areal target density
of 85 mg/cm2 at a cell temperature just under 2 K.

Figure 27 displays two focal plane spectra represen-
tative of the range of peak-to-background signals ob-
served in the experiment. These spectra were recorded
at a proton bombarding energy of 507 MeV and a labo-
ratory angle of 23° (top) and at 416 MeV and an angle
ofl04° (bottom). While the background is exceedingly
small for the former spectrum, even the more signifi-
cant background in the latter spectrum presents no
difficulties in extracting the desired information. The
background arises primarily from the 25.4 (im thick
stainless steel windows on the liquid 3He cell. The sud-
den rise in the spectra at high excitation corresponds
to the opening up of the channels associated with the
excited states of 4He.

Comparison of the angular distributions of the dif-
ferential cross sections with the data from the charge
symmetric and time-reversed reaction 4He(ir~, n)3ll of
Kallne ei al [Phys. Rev. C 24, 1102 (1981)] show good
overall agreement. Similarly, the 415 MeV (p, JT+) dif-
ferential cross sections of Tatischeff et al. [Phys. Lett.
63B, 158 (1976)] appear to be in good agreement with
our 416 MeV results.

While the differential cross sections display relatively
little structure as a function of angle, the analysing
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powers, shown in Fig. 28, reveal large oscillations, the
patterns of which change markedly as the energy is
changed. Previous investigations of the analysing pow-
ers of this reaction were carried out at considerably
lower energies (178 and 198 MeV) [Kehayias et al.,
Phys. Rev. C 33, 725 (1986)] and at a considerably
higher energy (800 MeV) [Hoistad et al., Phys. Rev. C
29, 553 (1984)]. These results at 198 and 800 MeV
are also shown in Fig. 28. Comparison of the 198
and 300 MeV data reveals that the negative analysing
power of the lower-energy data - characteristic of the
low-energy pp —• dir+ analysing power - has changed
character completely by the time the energy is in-
creased to 300 MeV. The present 507 MeV data bears
considerable similarity to the 800 MeV data, although
the former has a more pronounced positive excursion
at forward angles.

Because spin-dependent observables provide par-
ticularly stringent tests of theoretical models, the
present experiment has emphasized measurement of
the analysing power in the A-resonaiu:e region where
current microscopic models incorporating the two-
nucleon mechanism involving intermediate A forma-
tion have their greatest validity [Alons el al., Nucl.
Phys. A480, •113 (1988)].

Experiment 414
Measurement of the cross section for H(7r~, x+ TT~ )i;
very close to threshold
(M.E. Scviov, UBC)

Experiment 414 was awarded 15 shifts of high-
intensity beam to study the experimental set-up pro-
posed to measure the total cross section for the reac-
tion H(TT~ ,TT+ T~ )n at. energies between 176-200 MeV,
which is between 4 to 28 MeV above threshold. At.
these low energies the total cross section for the reac-
tion can be simply related to the value of the chiral
symmetry breaking parameter £. This is a very impor-
tant parameter of chiral perturbation theory as it de-
scribes the nature of the nonconservation of the pion
axial vector current [Olsson and Turner, Phys. Rev.
181, 2141 (1969)]. Recently chiral perturbation theory
has been used to calculate the strange quark content of
the proton and a value of 40% was obtained [Weidner et
al., Phys. Rev. Lett. 58, 648 (1987)]. The calculations
assume a value of 0 for £; however, the data generally
believed to show that £= 0 were obtained at energies
too far above threshold to be directly applicable and an
extrapolation was needed to determine £[Bjork et al.,
Phys. Rev. Lett. 44, 62 (1980). There has never been
a theoretical justification for the extrapolation and in
fact a recent model of Oset and Vincente-Vacas [Nucl.
Phys. A446, 584 (1985)] for the \\(TT~ ,w+w~ )n reac-
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Fig. 28. Angular distributions of the analysing powers.

tion predicts that the low-energy dependence of the
cross section is considerably different from the extrap-
olation. Out measurement, to be made much closer to
threshold, will avoid this extrapolation and provide a
more reliable value of the cross section at threshold
and hence t,he definitive value of the chiral symmetry
breaking parameter.

The major elements of the experiment are shown
in Fig. 29. The pion beam from Mil is counted by
two beam-defining scintillators, SI and S2, placed up-
stream of the target. The size of S2 was chosen so that
its image on the target, was 20x20 mm. The target con-
sisted of 3 scintillators of dimensions 10x40x40 mm
each viewed by a R1635 photomultiplier tube. Low-
energy pions from the H(ir~ ,n+n~ )7ireaction are
stopped within the scintillator target and the w+'s are
identified by observing the 7r+ —• fi+ decay. Neutrons
from the reaction were detected in coincidence by the
neutron bars placed 2 vn downstream at zeTo degrees.
The energies of the neutrons were determined by the
time of flight of the neutrons. The pion beam was swept
clear of the neutron bar scintillators with the PAC-
MAN magnet.

The goal of this run was to test all elements of the ex-
perimental arrangement and demonstrate the feasibil-
ity of the technique. The TT+ —• (i+ decay was detected
in the active target by looking for the characteristic
pulse from the 4.1 MeV muoii stopping in the active
target. The most definitive way of doing this was to
record the output from the phototubes in 2 ns incre-
ments with a 500 Megasample per second transient dig-
itizer. We used a TEKTRONICS 2440 digitizing scope
to do this. The device worked admirably and enabled
both the size and shape of the active target output
pulses to be readily analysed. To determine the accu-
racy of our knowledge of detection efficiency for ir+ 's
stopped in the active target we stopped lew-energy
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Fig. 29. The experimental layout to be used for the mea-
surement.

7r+'s from Mil in the active target. The results were
compared with those obtained from runs it 184 MeV
7r~ when we were looking for the ll(n~ ,w+ir~ )n reac-
tion. The detection efficiency of the system is the num-
ber of counts in the "time of second pulse" histogram
divided by the area under the fitted 26 ns exponential
decay curve. The precision of the technique was deter-
mined from the stopped ^ r u n s where the number of
TT+ 's stopped in the target was counted and compared
to the number detected via their decay. Agreement at
the 2% level was achieved, which was the statistical
uncertainty of the measurement. The double pulse de-
tection efficiency achieved during the test run was 24%.

The final spectrum of neutrons gated with a n+ pulse
in the active target is shown in Fig. 30. It was accumu-
lated for the \\(n~~ ,n+n~ )n reaction after 3 days of run-
ning a n~ beam at 184 MeV and rate of 2 MHz. There
is a clear enhancement of the neutron energy spectrum
in the region of the II(7r~ ,ir+TT~ );tncutron energy peak
as shown by the Monte-Carlo curve. The size of the

background, (mainly due to the 12C(7r ,7i + n)A' reac-
tion), was determined in a separate run at 172 MeV.
This is just below threshold for the foreground run
but still 140 MeV above threshold for the major back-
ground reaction. These data were acquired during a
run of 1.5 days. The foreground-background subtrac-
tion yields 640±90 counts in the energy range of 15-
40 MeV, i.e. a statistical uncertainty of 15%.

The detection efficiency of the neutron bars is de-
termined by stopping low- energy w~ 's in a liquid deu-
terium target. The reaction, stopped ir~+d —• n+n then
occurs with a branching ratio of 73% ± 1.0% [Highland
et al., Nucl. Phys. A303, 333 (1981)]. This reaction is
used as a calibrated source of monoenergetic, 70 MeV
neutrons. A Monte-Carlo code was used to provide the
energy dependence of the detection efficiency of the
neutron bars given this one calibration point. In this
way the neutron detection efficiency was calibrated to
within 5%.

We have submitted a new proposal to the TRIUMF
EEC to make the full measurement. The changes to
the existing arrangement are to construct a new ac-
tive target consisting of 5 scintillators each of dimen-
sions 6x40x40 mm, implement and test new double
pulse detector hardware and acquire an additional two
channels of 500 MHz transient digitizer. None of these
activities will take more than 6 months and they can
all be carried out in parallel. Therefore, we expect to
be ready to take beam by the summer of 1989. The
final analysis of the data will then take a further year.
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Fig. 30. The neutron energy distribution gated with TT+

events in (lie active target for the H(T~,T + TT~)H reaction
al 184 MeV. This spectrum was accumulated after 3 days
of running at an incident beam rate of 2xlOfl pious per
second. There is a clear enhancement in the energy range
of neutrons from the H(ir~,x+ JT~)» reaction as shown by
the Monte-Carlo curve.
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Experiment 421
Research and development studies with TISOL
(J.M. D'Auria, SFU; J. Vincent, TRIUMF)

This brief report is intended to summarize progress
achieved over the last twelve months for Expt. 421 and
the TISOL facility. The goals of this project are to de-
velop and use the TISOL facility (the prototype, test
on-line isotope separator) to address scientific and en-
gineering questions of importance to the ISAC (ISOL
and accelerator) facility, and to develop TISOL as a
useful physics facility.

An early description of the TISOL facility was pre-
sented in previous annual reports and is also given
in Oxorn et al. [Nucl. Instrum. Methods B26, 143
(1986)]. In 1987 this facility was installed and oper-
ated successfully, as described in the 1987 Annual Re-
port. During the past 12 months the end of the TI-
SOL line was extended and the mass separated ion
beam taken from the ve^ical to the horizontal direc-
tion. This brought the finai collection point to a loca-
tion of much lower radiation background, allowing the
detection of the collected radioisotopes while the pro-
ton beam was on. The present layout of the facility is
shown in Fig. 31. The change in direction was achieved
using electrostatic elements, namely six quadrupoles
and a dipole. Further, additional steering devices were
added along with diagnostic elements. This complete
installation was completed during the summer, and a
series of runs made later in the year to survey the ra-
dioisotopic production yields.

SI Bender

Table II. 1988 production yields (Ti target - 1.5 gem" 2 ) .

Isotope
Z A

Li 8
9

Na 20
21
25
26
27
28

K 35
36
37
38
42
47

n / 2
00

0.844
0.777
0.446
22.5
59.6
1.07

0.304
0.03
0.19
0.34
1.23
458

12.36 h
i7.5

Production
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Fig. 31. A schematic layout of TISOL.

"units: ions • s ' • fiA ' incident p
bobserved but yield not measured

Two experimental set-ups are used to mrasure
yields. In both arrangements a fixed collector is viewed
with a Ge(Li) j spectrometer, a Si surface barrier
charged particle detector, an E-E plastic telescope (for
energetic p's and a high gas pressure, 3He fast neu-
tron spectrometer (from McGill). In one arrangement
the ion beam is simply stopped and the emitted ra-
diations studied. In the second (for ms and s activ-
ities) the ion beam is deflected electrostatically and
cycled, synchronized with the data-acquisition system.
All spectra data were collected with a PA 8000, MCA
board in an IBM (clone)-AT. The first results are pre-
sented in Table II. Of interest here are the observations
and measurements of rather short-lived species. In gen-
eral these yields are comparable to values obtained at
the ISOLDE facility (CERN) when normalized for tar-
get thicknesses. Slightly lower yields are attributed to
the smaller extraction voltage, the lower temperature
achieved in the heated surface ion source at TISOL,
and transmission loss through magnetic quadmpolos
used after the extraction electrode. Design changes arc
in progress to improve the latter two points. In addi-
tion to these results, runs were attempted with Ta foil
targets, but these were not successful due to the much
higher temperatures needed for the ionizer (25()0°C)
and target oven (2200°C).

Ion source developments were achieved in three main
areas. Following an esscnlinffy unsuccessful run with
an all-graphite system (oven and plasma chamber),
a novel compact electron boating, plasma source was



signed and is presently under engineering development.
A second-generation surface ion source was installed
and successfully operated. This is a more robust source,
capable of handling higher temperatures and could be
used as a production source. Finally, an off-line elec-
tron cyclotron resonance (ECR) ion source and mass
analyser system was assembled and tested successfully.
Singly charged ion beams of oxygen, nitrogen and re-
lated gaseous species were extracted. Measurements
are in progress this year on the observed ionization effi-
ciencies for single and multiple charged ions of a range
of low Z gaseous elements. These are being performed
in collaboration with G. Roy of the Univ. of Alberta
and his graduate student, P, McNeely.

In summary, TISOL is now a facility that can be
used almost routinely for the measurement of produc-
tion yields of a limited range of radioisotopes.

Experiment 430
Spin excitations in 208Pb
(C. Glashausser, Rutgers; C.A. Miller, TRIUMF)

This experiment was designed to measure the spin-
flip probability 5,m for inelastic scattering of 200 MeV
protons from 208Pb to determine the strength of spin
resonances, particularly the Ml, and to look for evi-
dence of the enhancement of Snn relative to the free
NN values at high energy loss ui. In the first, phase,
which wa.« essentially a feasibility study, ten shifts were
devoted to measurements at 4°, 6°, and 8°; the results
are discussed below in detail. They revealed large val-
ues of Snn in the Ml region, clear evidence for a spin
dtpole resonance, likely evidence for a spin quadrupole
in the 15-25 MeV region, and some tantalizingly low
values of Snn in the high w region where statistics are
poor. Up to .35 MeV, statistics were typically ±0.08 on
Snn in 1 MeV bins.

Data from Phase I for inelastic scattering of 200 MeV
protons from 20SPb are shown in Figs. 32-34. The dom-
inant feature in the 4° spin-flip cross section (<rSnn)
spectrum in Fig. 32(a) is the clear spin dipole reso-
nance in the 10-15 MeV region. The tail of this reso-
nance extends into the likely Ml region around 7 MeV.
It also extends into the high excitation energy region
where the 6° and 8° aSnn spectra in Figs. 32(b) and
32(c) show a bump between 15 and 25 MeV which
very preliminary analysis suggests is primarily the spin
quadrupole resonance. Absolute values of ffSnn for
208Pb are roughly similar to those measured previously
for medium weight nuclei.

The data for Snn indicate values above 0.2 in the
Ml region below 10 MeV at 4° in Fig. 33(a). These
values are surprisingly large, given the clear tail of
the non-spin-flip El resonance which extends into this

!Pb(p,p') 200 MeV

c)

5 10 15 20 25 30 35 40
Excitation Energy (MeV)

206

10 15 20 25 30
Excitation Energy (MeV)

Pb(p.p') 200 MeV

35 40

0 5 10 15 20 25 30 35 40
Excitation Energy (MeV)

Fig. 32(a)-(c). Spin-flip differential cross sections
(dcr/dUSnn) for proton inelastic scattering on 208lJb at the
angles and energies indicated.

region as seen in the 4° a data in Fig. 34(a). The
gamma ray data of La-szewski et al. [Phys. Rev. Lett.
54,530 (1985)] and the previous (p, ;/) a data from Or-
say [Djalllali et al., Phys. Rev. C 31, 758 (1985)] also
suggest that the El is large here. The large value of
Snn indicates significant spin-excitation strength here,
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Fig. 33(a)-(c). Spin-flip probabilities for proton inelastic
scattering on 208Pb at the angles and energies indicated.
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Fig. 34(a)-(c). Differential cross sections for proton inelas-
tic scattering on 208Pb at the angles and energies indicated.

but the fact that Snn remains high at 6° and 8° in this
region indicates that not all of this strength is Ml. In
the spin-dipole region, 10-15 MeV, Snn at 4° is signif-
icantly smaller than in the Ml region even though the
spin-dipole resonance dominates the entire <rSnn spec-
trum at 4°. The small values of Snn here occur because

of the enormous cross section for the Couloitib-excited
El in the <r spectrum. Snn increases again at, all an-
gles in the 20 MeV region and tends to stay high
up to 35 MeV where the polarimeter efficiency de-
creases markedly. The data at higher w thus have very
large error bars, but there is some indication that the
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average values are somewhat below the enhanced val-
ues of 0.4 seen in thisw region for medium weight nuclei
[Glashausser el al. [Phys. Rev. Lett. 58, 2404 (1987)].

The cross section spectra show a bump in the 20-
25 McV region at all three angles. Previous reports
on cross section measurements in this region [Lisantti,
thesis, Univ. of Oregon, 1986] propose that this bump
corresponds to the giant 5=0 octupole resonance. It is
interesting to note, however, that a featureless back-
ground has been assumed in that work. The present
data show a bump in the oSnn spectra in just this
region. As shown by our previous work on 40Ca, the
0Snn spectra (multiplied by the appropriate factor,
typically about 2) give a much better estimate of the
"background" to subtract when extracting S=0 res-
onance parameters than the phenomcuological back-
grounds previously assumed [Raker el al., Phys. Rev.
C 37rc, 1350 (1988)] will be important to determine
whether the "5 = 0 octupole resonance" remains after
subtraction of a background which includes the appar-
ent spin quadrupole resonance.

In 1988 we have used a further 20 shifts of beam
time in an effort to obtain definitive evidence on the
spin-dipole and spin-quadrupole resonances, as well as
on the enhancement of Snn over the free values. The
improved statistics in the Ml region are not expected
to be sufficient for a definitive M1/M2 separation, but
it is hoped that they will yield a useful limit on the M 1
strength in the low excitation region.

Experiment 432
Polarization transfer in inelastic proton scattering
from 16O
(I). Larscn, Sitnon Frasrr; O. Ilnusscr, Tlill'MF/SFV; II.
Jr/ipetrn (LAMPF); I). Frcktrs, TMVMF)

The aim of Expt. 432 is a test of (lie effective in-
teraction of intermediate-energy protons with the nu-
cleus. This is accomplished by measuring cross sec-
tions and a complete set. of spin observables for the
reaction ]F'O(p,p'). The "stretched" <r states in lfi0,
at excitation energies of 17.7!) MeV, 19.80 MeV (both
mainly T=0) and 18.98 MeV (almost purely T=l), are
strongly populated by this reaction. They are char-
acterized by a dominant particle-hole configuration
(p-j/V's/z) a l l ( ' a n isospin structure determined previ-
ously from electron [Lingren and Petrovich, in Spin Ex-
citations in Nuclei'(Plenum, New York, 1984), p. 32.'t]
and pion [Holtcamp el al., I'll vs. Rev. Lett. 45, 420
(1980)] scattering experiments. Stretched states pro-
vide a useful nuclear filter to examine spin-dependent
components of tiie complex ()0-pieee) effective N-
nticleus interaction. For the range of momentum trans-
fers where the 4" states are strongly excited (q ~ 1.3-

2.5 fm"1) the isoscalar interaction has contributions
from both tensor and spin-orbit terms, whereas the
isovector interaction is dominated by the tensor force.
Although the relative strength of both isoscalar compo-
nents may vary greatly (the tensor part is much more
prominent in the density-dependent Paris-Hamburg (<
matrix [Rikus and von Gerainb, Nncl. Phys. A42G, 19(i
(1984)] than in the free /-matrix of Frauey and Love
Phys. Rev. C 31, 488 (1985)] very similar differential
cross sections (<r) and analysing powers [Ay) may re-
sult. Measurements of a. Ay are therefore of limited
use ii) unravelling the isoscalar interaction. The spin
transfer coeflicients D,y provide a considerably more
sensitive test of the interaction.

The experiment was carried out using polarized pro-
ton beams in BL4B. Protons scattered off a waterfall
target developed at Univ. of Toronto were momen-
tum analysed with the medium-resolution spectrome-
ter (MRS). The transverse spin components of the pro-
tons were determined by secondary inclusive scatter-
ing from carbon using the MRS focal-plane polariine-
ter (FPP). A total of 16 shifts of polarized bead) time
were consumed to determine cross sections, analysing
powers, induced polarization and spin transfer coefli-
cients D,,' and D,/< at 350 MeV. In addition, cross
sections and analysing powers were measured at 290
MeV. Cross sections measured at 200 MeV were found
to be in good agreement with those from previous work
at IUCF [Olmer ct al., to be published]. A further 22
shifts will be required to complete the set of spin ob-
servables at 350 MeV by determining !)„„, Dw and
D,...

In Fig. 35 we show the spectrum quality obtained
with the waterfall target. The resolution during long
runs was typically only 1 10 keV whereas the intrin-
sic resolution of the MRS determined with a thin Pb
target was 70 keV. The 4~ states are superimposed on
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Fig. .•J5. A typical MRS H20 spectrum taken using the Univ.
of Toronto "waterfall" target.
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Fig. 36. Angular distributions for the three 1 states in
16O, compared with various theoretical models (see text).
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Fig. 37. The raw data binned in excitation energy at. 0\.^
22°. The peak-fitted results are shown for comparison.

a substantial continuous physical "background" which
arises from quasielastic scattering. In Fig. 36 angular
distributions for the three states are compared to pre-
dictions corresponding to the free i-matrix of Franey
and Love [op. cit.] (solid lines) and to the G-matrix of
von Geramb [op, cit.] (dot-dashed lines). Calculations
using the G-matrix of Nakayama and Love [Nakayama
et ai, Nucl. Phys. A431, 419 (1984)] and the rela-
tivistic model of /V-nucleus scattering developed at
Colorado [Rost and Shepard, computer code DREX,
preprint and private communication] give qualitatively
similar predictions and are not shown.

The systematic errors implied in .separating the -1
peaks from the underlying background can be judged
from the 22° results shown in Fig. 37. The raw data
summed in bins of 0.2 MeV of excitation energy are
shown as open points, the solid points are fur 1 in-
discrete 4~ states. The dashed lines correspond to a
smooth representation of the background, whereas the
solid lines include also broad features included in ihe
Gaussian peak fitting program. In addition to Dss> and
DJC we have combined the data in a check relation-
ship C,,< which should vanish within statistical errors
and which provides a useful test of the reliability of
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Fig. 39. Angular distributions of Dsii for the three
"stretched" states in 16O.

the FPP results. From results of the type shown in
Fig. 37, and from the variation of the answers for the
observables using a variety of peakshapes compatible
with the observed shapes of background-free discrete
peaks at low excitation, we estimate an upper limit of
<0.1 for the systematic errors in the spin observables
for the discrete 4~ states.

The results for D,s> and D,r shown in Figs. 38 and
39, respectively, include statistical errors only. We no-
tice several discrepancies between the experiment and
any of the (four) theoretical predictions which are out-
side of likely systematic errors. The zero crossing of

Dssi for the 18.98 MeV T-\ state is shifted to larger-
angles than predicted. The zero crossing occurs in the
plane-wave impulse approximation (PWIA) at a mo-
mentum transfer where the longitudinal and transverse
pieces of the isovector tensor interaction are equal and
is relatively unaffected when exchange and distortions
are included. This result could be confirmed with a
measurement of Dw which should assume values of -
0.5 when V' « V.

The theoretical predictions for D,i' for the two
(mainly) T=0 states are considerably above the data.
It is at present not clear whether this indicates a de-
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feet of the effective interactions (or the NN data base
which underlies these interactions), or whether uncer-
tainties in the nuclear structure of the 4~ states are
major contributors.

An interesting byproduct of the present experiment,
the spin observables for the quasielastic 'background'
at a fixed w = 17-22 McV can be used to test, cur-
rent models of quasiela.st.ic scattering. The data set,
once complete, will provide information on the in-
dependence of the spin observabies and complement
existing data sets at 500 MeV [Carey cl al., Phys. Rev.
Lett. 53, 144 (1984)] and 290 MeV [HSusser cl al.,
Phys. Rev. Lett. 61, 822 (1988)].

Experiment 435
Spin-flip probabilities witli the (/7, if) reactions
(R. Iklmcr, TRWMF)

The study of spin transfer in the 51 Fe(;7, r1)5'1('o* re-
action completed 16 shifts of data-taking iti Septem-
ber. The measurement was carried out on the TRI-
UMF charge exchange facility [Helmer, Can. J. Phys.
65, .r)88 (1987)]. The neutrons were counted by detect-
ing recoil protons from a hydrogenous liquid scintilla-
tor (BC 513) contained in a glass ceil (2.54 cm wide <
5.08 cm thick x 7.0 cm high); their polarization was
determined by making use of the analysing power of
the H(rT,p) reaction and flipping the spin of the inci-
dent protons. The recoil protons were detected by the
MRS positioned at. a scattering angle of 27°, where the
product of U(n,p) cross section times analysing power
squared (the usual figure of merit, for analysing power
measurements) is a maximum. A signal derived from a
photomultiplier tube which was viewing the converter
was used to correct, the focal plane position for the
energy loss of the protons in the converter. The en-
ergy resolution achieved on line was ~3.5 MeV. The
effective analysing power of the scintillator/MRS com-
bination was calibrated using polarized neutrons from
the 'Li(;T, ft)' Be reaction whose spin transfer coefficient
Dnn is known [Taddeucci cl al., Phys. Rev. Lett. 52,
1960(1984)].

Analysis is in progress.

Experiment 441
Analysing powers in ir^p elastic scattering
between 98 and 2C3 MoV (G.R. Smith, TRIUMF)

A series of measurements of 7r+;7 and ft~p elastic
scattering from a polarized proton target was per-
formed on the Mil beam line at TRIUMF in January.
The detection apparatus was the TOF spectrometer.
The goal of the experiment, was to obtain precise values
of the ir^panalysing power A(0) over a systematic set

of angles and bombarding energies spanning the region
of the (3,3) resonance. Measurements of this observable
are crucial ingredients in determining accurately the
irN phases. A(0) consists of an interference between
different amplitudes, and is therefore sensitive even to
nonresonant phases. Since very few A(0) data existed
previously in the energy range of this experiment, par-
ticularly for 7r~;7, these data will help considerably to
restrict the acceptable phase-shift solutions for the 7rAr

interaction.
The TRIUMF polarized de.ut.eron target was em-

ployed for the experiment, charged with normal bu-
tanol (C^HyOH) target, material in a frozen spin mode
at 1.25 T. The polarizing magnetic field (2.5 T) was
in the vertical direction. The average target polariza-
tion was 70.5%, as measured using an NMR technique
before and after each run.

The scattered pion and recoil proton were de-
tected in coincidence using a time-of-flight scintillation
counter telescope spectrometer developed specifically
for these type of measurements, and described iti detail
elsewhere [Smith cl al., Phys. Rev C 35, 2343 (1987);
Brack cl n/., Phys. Rev. C 34, 1771 (1986)]. Six sets
of pion and proton detectors wer>j used so that data
could be acquired simultaneously at six angles. Data
were acquired in two angular settings of the detectors
(12 angles in total) ranging from 50° to 140°. The inci-
dent pion energies at the centre of the polarized target
were 98, 138, 166, 214 and 263 MeV. The pion beam
flux was determined directly with two in-beam coin-
cident scintillators. The pion fraction of the incident
beam was determined for each run by TOF through
the channel using a beam sample circuit.

Sufficient data were accumulated to provide uncer-
tainties on the asymmetry of 0.01 or less for jr+/7and
0.04 or less for ir~ p. The effect of the new A(0) data on
the phase-shift analyses was determined using the pro-
gram SAID [Arndt and Roper, SAID on-line program].
Single energy analyses were first, performed at 5 ener-
gies from 100 MeV to 250 MeV. The S- and P-wave
phase shifts were derived from these fits. The new mea-
surements were then included in the data base and the
analyses were repeated. The predictions of analysing
powers from the "old" and the "new" solutions is com-
pared to the data at T* = 166 MeV in Fig. 40.

At all energies there is a considerable reduction in
the uncertainties of A{0) but it is most pronounced for
n~p. At 166 MeV, for example, the uncertainties in
A(0) for T~;7are reduced by a factor of between 10 and
20 at most angles. Changes in the actual predictions
are also most pronounced for 7r~p between 138 and
214 MeV.

The effect on the phase shifts is largely a substan-
tial reduction of the uncertainties, with a less dramatic
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Fig. 40. The x+p (upper) and 7r~j7 (lower) A(0) data from
this experiment are shown. The "old" predictions of A{9)
are indicated by the vertical bands, the extent of which
represents the uncertainties associated with the old predic-
tions. The "new" solutions which encompass the new data
are plotted as solid lines, bounded by the uncertainties in-
dicated by the dashed lines. From this figure, representative
of the data obtained in this experiment, there is clearly a
dramatic improvement in our knowledge of the riV phases,
especially for K~p.

effect, on the obtained values themselves. The largest
effect is on the / = l / 2 waves (S\i, Pu and I\j) where
the uncertainties) aie reduced on some partial waves by
a factor of 10 or more. The new .4(0) data have been
included in the data base used for SM88 [Arndt and
Roper, op. cit).

Experiments 442, 443
The A(n, 2ir)A' reaction above threshold
(R. Itui, N. Grion, Trieste)

The A(it,2n)A' research program has continued ex-
amining the 2I1 and 2(wi'h nuclei at '/;+ = 280 MeV.
Data were taken in summer during a period of high-
intensity beam. As a part of the same program, in
1987 the lf'O target was studied at the same energy.
These experimental results and their comparison with

the available theoretical models will direct, for the first
time, our understanding in the realm of the A depen-
dence of the (n, lit) process in complex nuclei.

In the case of 16O our results [Phys. Rev. Lett. 59,
1080 (1987) and Nucl. Phys. A (in press)] were com-
pared with the predictions of the model of Oset and
Vicente-Vacas [Nucl. Phys. A454, 637 (1986)], and the
most important findings were:

• the total cross section increases sizably, '2.5 to 3,
when using the dispersion relation of pious in the
nuclear medium instead of the free one, and

• no precritical inhancement were detected as they
were suggested in a work of Cohen and Eisenberg
[Nucl. Phys. A395, 389 (1983)].

Analysis on 2H has almost been completed and
shortly a full-length paper describing the observed fea-
tures will be submitted for publication in collabora-
tion with M. Vincente-Vacas. The 2OtiPb target was
not fully examined in the runs this .summer. We were
able to cover slightly more than 1/2 of t ho allowed
in the reaction plane phase-space. Data-taking on this
target will be completed in 1989. However, the set of
data in our possession already represents a stringent
test for the A(ic,2Tr)A' model originally proposed by
Oset and Vicente-Vacas and successively modified by
Vicente-Vacas to account, for N ^ '/, nuclei [private
communication].

In order to ensure a unique identification of the re-
action products, the experiment required a coincidence
between final-state negative and positive pious. The
apparatus used to detect. w~ TT+ pairs consists of the
TRIUMF QQD magnetic spectrometer which analysed
negative pions, and the CARUZ, a scintillator total
absorption range telescope which mass identified pos-
itive pions. The incident beam was monitored by two
hodoscopes. A hodoscope of four scintillators placed
dowtistream from the target monitored the spatial po-
sition and intensity of the pion flux at the target lo-
cation. Likewise, a high-rate niultiwire proportional
chamber mounted upstream of the target measured the
flux and the x-distrihution of the pion beam. For the
"H(TT + , ir+n~ )pp measurement, a LD-j cylindrical target
of 2 in. diameter and 2 in. height, was used, hi order to
avoid background measurements because of the pres-
ence of the target cells, raytracing of the incoming and
outgoing pions was necessary. Figure 41 shows the re-
sults of a run with empty target. The rim of the vessel
is clearly visible allowing for unambiguous target cuts.

Measured many-fold differential cross sections are
presented in Figs. 42, 43 and 44. The full and dashed
curves are a Monte-Carlo phase-space .simulation of the
(1) nn — wwp and (2) nd — inxpp react ions, respec-
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Fig. 41. The QQD wire chamber traceback to the empty
LD; target.

lively. Simulations carry the same kinematical cuts as
the experimental data, and they are normalized to the
data of Fig. 42. Figure 43 shows a triple-differential
cross section as a function of the kinetic energy of neg-
ative pious. As far as the Monte-Carlo simulations are
concerned, comparison to the data of Fig. A'i suggests
that the reaction, for this subset of data, proceeds via

the elementary TTN —>• 2irN process, while the second
nuclcon of the deuterium acts as a spectator. Finally,
large deviations from the data are shown in Fig. 44 for
both reaction channels, (I) and (2). This subset of data
indicates that only pure phase-space considerations are
not adequate to interpret the data, and a microscopi-
cal description of the process is necessary [Nucl. Phys.
A446, 584 (1985)].
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Fig. 42. The measured threefold differential cross section
(open squares) as a function of the angle of positive pions.
The full and dashed curves are Monte Carlo phase-space
simulation of the irn — jrjrp ant) ltd — inr;j/) reactions,
respectively.
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Fig. 43. The measured threefold differential cross section
(open squares) as a function of the kinetic energy of nega-
tive pious. The curves have the same meaning as in Fig. U.

The total cross section for " ' 0 wa.s obtained by inte-
grating the four-fold differential cross section over ihe
energies and angles oftlw w+ rr~ pairs. T\\o value found
was 2.25±0.35 fib. The same procedure wa.s employed
for 2H, and the preliminary value is about ') I inns lower
than that for oxygen in good agreement, with previ-
ous published LAMPF data [Phys. Rev. Lett. 53 . 510
(1984) and Phys. Rev. C 33 , fi55 (l!)8(i)].
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Fig. 44. The measured fourfold differential cross section
(open squares) as a function of the kinetic energy of positive
pious. TJie curves have the same meaning as in Fig. 1'.
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Fig. 45. Experimental layout of the bremsstrahlung experiment.

Experiment 446
Pion-proton bremsstrahlung
(P. [{itching, TRIUMF/Alberta; A. Stetz, Oregon State)

The reaction itp —» npy was first studied with the
expectation of measuring the magnetic moment of the
A + + resonance. A model analysed by Kondratyuk and
Ponomarev predicted that the bremsstrahlung photons
fron the pion and proton would interfere destructively
at backward photon angles and that the cross sec-
tion d^cr/dfl^dQydk would have a large bump around
k « 70 MeV corresponding to the excitation of the
A(1232). A group from UCLA working at the 184-inch
cyclotron pursued this idea in a series of experiments
during the 1970s. The data, however, were found to
decrease smoothly like \/k in contrast with theoretical
calculations. The UCLA group explored a wide range
of kinematic conditions, but no sign of the A was seen.
This has posed a theoretical puzzle, which has not yet
been completely solved.

Experiment 446 is intended as a survey experiment
to collect differential cross section and asymmetry in-
formation for the reaction w+p —> Tr+py from a po-
larized target over a wide region of phase space. The
experimental set-up is shown in Fig. 45. The pions will
be detected with the PACMAN spectrometer using a
new set. of drift chambers. Photons will be detected in
three Nai detectors: TINA, MINA and a new, smaller
detector on loan from the Univ. of Alberta. The proton

energy and angle will be determined by a segmented
array of plastic scintillators currently under construc-
tion at Oregon State University.

The experiment is scheduled to begin data-taking
during January 1989. The initial run will concentrate
on 265 MeV incident pion energy and the photon an-
gles 60°, 105°, 150° and 220°, as shown in Tig. 4r>.

Experiment 459
Excitation of the 10.957 MeV 0~.T=0 state in ":O
by 200 and 400 MeV protons
(J.D. King, Toronto; D. Frckcrt, THIVUF; It. Scliutxmk.
Saskatchewan)

In proton physics the 0 ̂  —• 0~ transition offers a
number of interesting aspects. Being an unnatural par-
ity transition it requires a spin flip, but at the same
time the complexities of both the nuclear structure
and nuclear reaction are greatly reduced liecritise only
,1=0 states are involved. In particular, with the spin-
orbit part of the effective interaction not contributing
and the central part predicted to be weak [Love cl at.,
Proc. Int. Conf. on Spin Excitations, Telluiidc, 1982
(Plenum, New York, 1984), p. 205], the transition effec-
tively probes the tensor part of the nurleon- nucleus in-
teraction, which is the least well-known piece. Furl her,
it has been shown [Zhit et a/., IMucl. Phys. A439, 619
(1985)] that in a nonrelativistic frame the analysing
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Fig. 4fi. Cross section and analysing power data for the 0+ —*• 0 transition in I6O for (a) 200 MeV (b) 400 MeV
incident proton energy. Tlie full line represents a calculation using the Hamburg density-dependent interaction,
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power Ay can only take nonzero values as a result of the
exchange parts of the interaction. This is notably dif-
ferent from a relativistic calculation where nonzero val-
ues for Ay are possible without the explicit, inclusion of
exchange [Piekarewicz, Phys. Rev. C 35, 675 (1987)]. It
is, however, also necessary to include exchange contri-
butions, and a microscopic distorted-wave relativistic
impulse approximation with explicit exchange (DREX)
has been formulated [Rost and Shepard, Phys. Rev. C
35,681 (1987)].

We have chosen the 10.957 MeV T=0 state in IGO for
our measurement since the resolution with dispersion
matching of the MRS seemed adequate.

Measurements of differential cross section and
analysing power were made for incident protons of 200
and 400 MeV. At 200 MeV, a UeO target of approxi-
mately 80 mg/cm2 was used initially. Since the 0~ state
is only weakly excited, it was difficult to extract this
peak from the Be background and the strongly excited
4 + state in 16O 139 keVhigher in energy. A waterfall
target was constructed based on a design of such a tar-
get for electron scattering [Voegler and Friedrich, Nucl.
Instnim. Methods 198, 293 (1982)]. This target was
used successfully at both 200 and 400 MeV. However,
even with the improved background from the waterfall
target, it was not possible to extract the ()~ state from

the spectrum at angles greater than :V2J>° at 200 MeV
and for angles greater than 14° at 400 MeV with Ihe
best resolution of 140 keV.

The differential cross section was determined by nor-
malization to the clastic cross section which has been
measured at THIUMF [Chan, Univ. of Alberta M.Se.
thesis (1985) unpublished] and UJCF [Clover <l .;/.,
Phys. Rev. C 3 1 , 1 (1985)].

Cross section and analysing power data are shown
for 200 MeV in Fig. 4fi(a) and for 400 MeV in
Fig. 46(b). Also .shown are nonrelalivistic impulse ap-
proximation calculations using the Hamburg density-
dependent interaction [von Ceranib, AIPCP No. 97
(AIP, New York, 1983), p. 44] (solid line), and the
Love-Franey effective interaction [Love and 1'ianey,
Phys. Rev. C 24, 1073 (1981)- 3 1 , 488 (1985)] (dashed
line), as well as a DREX calculation (dotted line). None
of the calculations provides a good fit to the data. In
particular, the analysing power at forward angles is less
than predicted and there is an indication at 400 MeV
that it may even become negative.

All of the calculations shown in Fig. 4(i have as-
sumed that the 10.957 MeV state is a pure '/'=() stale.
However, many states in ' ' '() are known to be isospin
mixed, and mixing of 5 10% between the l().i)57 MeV
7'=0 and 12.979 MeV 7'= I states lias been suggested
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[Barker, Aust. J. Phys. 31, 27 (1978)]. Preliminary cal-
culations show that the inclusion of mixing indeed de-
presses the analysing power for angles less than 5° at
both 200 and 400 MeV.

Clearly, more forward angle data are required at
both energies. The waterfall target is not suitable for
use near zero degree because of scattering from the win-
dows, and a solid target like BeO or H310BO3 of about
10 mg/cm2 is preferable. The latter has been success-
fully used in a recent IUCF experiment [Sawafta, ex-
perimental proposal, 1988]. Resolution requirements
are not as stringent, since the nearby 4+ state is only
very weakly excited at very forward angles.

Experiment 466
Measurement of np —» dir° cross sections near
threshold (D.A. Ilulchcon, TR1UMF)

The experiment had a very successful production run
in August, this time using a 1.5 cm thin liquid hydro-
gen target. The aim of the experiment is to make a
precision measurement of the total cross section for the
np —• (ITT° reaction at energies very close to threshold.
Using the Cliargex facility to get a neutron beam of
good energy resolution and detecting recoil deuterons
in singles in the MRS spectrometer, we were able to see
clearly above background the locus of the desired two-
body reaction even at an energy 1 MeV lab (0.5 MeV
cm.) above threshold.

The yield of deuterons will be normalized to the yield
of protons from np elastic scattering, these knock-on
protons being accumulated at the same time as the
deuterons. It is necessary, therefore, to know accu-
rately the relative acceptances of the MRS for protons
and deuterons. This part of the analysis has been com-
pleted and the final stage, fitting of the deuteron yields
to obtain the dependence of np —> dwn cross section on
reaction angle and beam energy, has begun.

Experiment 468
Gamow-Teller transitions to isospin triads in
.4=6,12 nuclei studied by (n,;>), (p, }>') and (p,n)
reactions at 280 M«V (J. Mildcnherger, Simon Francr;
O. Hawser, SFU/TRWMF)

The original motivation for this experiment was to
provide an accurate determination of isospin violation
for the Gamow Teller matrix elements connecting the
6Li (T=0, J T =1 + ) ground state with the T=l , J*=0+
isospin triad in 6He, 6Li and fiBe. The forward-ingle
cross sections for the (n,p)} (p,p') and (p,n) reactions
are proportional to the square of the matrix element of
the OTq operator (q — —,0,+), with the proportional-
ity constant determined by the / / value for the 6]Je (i~
decay. The GT matrix element in RLi can then be corn-

pared to the Ml matrix element known from 6Li(e,e')
experiments [Bergstrom el ai, Nucl. Phys. A317, 439
(1979)]. The Ml and GT matrix elements are domi-
nated by identical spin parts but differ by meson ex-
change current (MEG) and orbital contributions, the
latter being absent in the GT matrix element. Botii the
orbital and MEC effects can be reliably calculated in a
light nucleus such as 6Li, and any residual discrepen-
cies between the axial vector and Ml matrix elements
might then be ascribed to a change in the size of the nu-
cleon inside the nucleus (an EMC-related etfect). Such
an interpretation is compatible with ihc cloudy bag
model in which the magnetic moment of the nucleon
scales with the radius of the hag, while the axial vector
coupling remains roughly constant.

We report here forward-angle measurements of
(n,p), (p,p') and (p,n) cross sections at 280 MeV us-
ing the medium resolution spectrometer (MRS) and
the CHARGEX facility. To our knowledge this is the
first attempt to determine isospin violation in the three
reactions. In addition to the A=6 data we have mea-
sured cross sections for similar transitions to the .4 = 12
triplet. The A=12 triplet has been studied extensively
both theoretically and experimentally and serves as a
test, of our experimental techniques. The isospin viola-
tion implied by the ratio of ft values [Ajzenberg-SHove,
Nucl. Phys. A433, 1 (1985)], /<" / / /+ = 1.13 ±0.01,
can be reproduced quantitatively in a Woods-Saxon
model [Blomqvist, Phys. Lett. 35B, 375 (1971)] which
predicts different radial overlaps as a result of varia-
tions in the binding energies of the nucleons active in
the transition. If one makes the reasonable assumption
that no additional isospin violation can arise between
(p, n) and (n,p) reactions at the same energy one may
then use A=\2 data to determine (p,n) cross sections
relative to those for (?), p). We note that absolute (p, n)
cross sections have so far only been determined for
the 7Li(p, n)~Be reaction at various energies [Watson,
preprint].

We have measured the (n,p) and (p,p') cross sec-
tions relative to those for corresponding N N reactions
whose cross sections were taken from Arndt's SPP88
phase shift-solution [SAID (Scattering analysis interac-
tive dial-in program)]. The systematic uncertainty im-
plied by this assumption is difficult to assess, and the
4̂ = 12 data provide again a valuable test. For the ele-

mentary pp reaction we have carried out a careful ab-
solute cross section measurement with results shown in
Fig. 47. Our data are in good agreement with a previ-
ous data set at a similar energy [Aebischer el a/., Phys.
Rev. I) 13, 2478 (1976)]. We see that while the shape
of the angular distribution for the data agrees very
well with SP88, the data lies «6% below the phase-
shift solution. Since it is quite possible that a similar
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discrepancy exists with the {n,p) phase-shift solutions
we have in the following retained the relative normal-
ization of (n,p) and (p,p') cross sections implied by
SP88.

In Fig. 48 the cross sections for the A=12 system
are compared with calculations which include the ef-
fects of isospin breaking explicitly. The calculations use
the 8-16 213ME wave functions of Cohen and Kurath
[fill in ref.] and Woods-Saxon form factors. In 12C the
additional effects of isospin mixing of the 15.11 MeV
1 + ,T=1 with the 12.71 MeV 1 + ,T=O state are also
included. The calculations reproduce exactly the ob-
served ft~/ft+ asymmetry but require an overall nor-
malization factor of 1.20 to obtain agreement with the
absolute B(GT) values. The reaction calculation uses
the effective interaction of Franey and Love [Phys.
Rev. C 31, 488 (1985)] and optical potentials obtained
by folding experimental matter distributions with the
same interaction. An overall normalization factor of
1.37 was applied to the reaction calculation to force
agreement with the (n,p) and (p,p') data. The theo-
retical distributions were folded with the finite angular
acceptance of the MRS before comparing to experi-
ment. The (p, n) datum was normalized to the average
of the two 278 MeV (n,p) data points assuming that
the reaction preserves the isospin asymmetry observed
in the B(GT) values. Because of the scarcity of (n,p)
and (p,n) data at 280 MeV we also show an angu-
lar distribution (theory dashed) previously measured
at 198 MeV [Jackson el a/., Phys. Lett. B 201, 25
(1988)]. The ratio of fl'exp/'T'theo ' s shown at the bot-
tom of Fig. 48. The SP88 normalization implies that
the {n,p) data are compatible with the (p,p') data to
an accuracy of about ±3%. The (p, p') angular distri-
bution falls off more rapidly with momentum transfer
than the calculation; since realistic (Woods-Saxon) ra-
dial form factors were used this may be attributed to
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Fig. 48. 12C(p,p'), I2C(n,p)l2B and 12C(;>,n)12N experi-
mental and theoretical cross sections (top); ratios of exper-
imental to theoretical cross sections (bottom).

the effective interaction.
Similar procedures were applied for the reactions

populating the A=6 triplet. Since the fiBe ground state
is unbound to particle emission B(GT+) is not avail-
able and therefore isospin symmetry was assumed in
the theoretical calculations. The radial form factors
were obtained with a harmonic oscillator potential
whose size parameter was adjusted to a large value
(b = 2.15 fm) to force, agreement with the (p,;/) an-
gular distribution; for the (n,p) and (p,n) calculations
the same oscillator parameter was adopted. The data
for the three reactions, which have been normalized
in the same way as those for the .1 = 12 system, and
theoretical calculations are shown in Fig. 49. The cal-
culations have to be multiplied by a factor of 0.88 to
reproduce B(GT~), and an overall factor of 1.0011 to
bring the DWIA calculations into agreement with the
(;?,»)) and (n,p) data. It can be seen that the (;>,//)
data fall below the (»,/>) and (7), 77) data by about.
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5%. This is unexpected since in the A=12 system the
isospin violation is roughly linear in T3 of the final nu-
cleus. Theoretical estimates of isospin breaking in the
A—& system are, however, difficult because of the low
two-particle emission thresholds, the particle instabil-
ity of 6Be, and the cluster-like structure of the 4He+2N
system.

In summary, we have observed (n,p), (p,pf) and
(p, n) reactions populating isospin triads in A=6,12 nu-
clei. Cross sections can be extracted relative to those
for the elementary NN reactions; however, the amount
of isospin breaking depends then on systematic errors
in the phase-shift solutions. When the isospin breaking
in the A—§ system is investigated relative to th „• well-
understood isospin breaking in J 4 = 1 2 the accuracy is
limited to several per cent by the statistical accuracy

of the J 4 = 1 2 data. We observe a small isospin breaking
of « 5% in the (n,p) and (p,n) relative to the (p,p')
data in A=6.

Experiment 472
Measurement of B+ (GT) for 76Se using the
(n,p) reaction (R. Helmer, TRIUMF)

A measurement of the distribution of Gamow-Teller
(GT) strength in the 76Se(n,p)T6As reaction completed
13 shifts of data-taking in July. This measurement will
provide a test of model calculations of some of the ma-
trix elements involved in the double /? decay of 76Ge.
In addition, the results will be of interest in connec-
tion with the more general problem of establishing ap-
propriate approximations for large shell model calcu-
lations in this mass region.

The experiment was carried out on the TRIUMF
charge exchange facility [Ilelmer, Can. J. Phys. 65, 588
(1987), using targets of enriched 76Se powder packed
betweeii thin mylar foils. Data were taken at angles of
0°, 3°, 6°, 10° and 15°.

Preliminary analysis indicates the presence of some
GT strength in the lowest 4 MeV of excitation, but no
quantitative estimates have yet been made.

Experiment 473
Knockout of deeply bound nucleons
(C.A. Miller, TRIUMF)

This experiment has the goal of studying medium
effects on proton quasi-free scattering by bound nucle-
ons. In a kincmatically complete experiment in which
both final-state nucleons are detected, knockout of
deeply bound nucleons is selected in order to emphasize
the medium effects of interest. The data from measure-
ments for knockout of Is protons from I6O that were
obtained a year ago have been found to indicate a sub-
stantial reduction of the value of the analysing power
compared to that for free scattering. This is consistent
with the predictions of one particular model of the ef-
fects of enhancements of the lower components of the
nucleon wave functions by the large scalar and vector
nuclear potentials. Since other spin observables are also
expected to be affected, further data are needed to test
both this model and new, more complete calculations
now becoming available.

The second stage of this investigation, undertaken in
1988, constitutes the first measurement of spin-transfer
parameters in such a kinematically complete experi-
ment. While the target and kinematic conditions were
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the same as before, the beam polarization was selected
to be transverse in the reaction plane and the MRS
focal plane polarimeter was used to measure the two
transverse components of the polarization of one of the
final-state protons. As before, the other proton was
detected in a crude magnetic spectrometer consisting
of the PACMAN dipole with four vertical-drift cham-
bers. Neutrons were also detected in coincidence with
the MRS by two scintillator arrays. The commissioning
and testing of this rather complex instrumentation, as
well as the establishment of the transverse-polarized
beam tune, required eight of the 24 shifts of scheduled
beam time. Most of the rest was spent in the measure-
ment of D,i, and D\<s. Two shifts were used to repeat
the analysing power measurement of a year ago in or-
der to confirm the surprising results. The new data are
now being analysed.

Experiment 474
The 20Ne(«,/>)20F reaction at En = WS MeV
(B. Pointon, Simon Fraser; O.Hausser (SFU/TRIUMF);
R. Henderson (Mclbourne/TRWMF)

Recent large basis shell model calculations predict
that the strength distributions for Gamow-Teller (GT)
and Ml transitions in (sd) shell nuclei may differ
markedly, especially at the beginning of the shell.
These differences are caused by interference between
the spin and orbital terms in the Ml matrix elements
while the GT matrix element has only spin contribu-
tions. To confirm this experimentally it is important
to survey GT strength distributions across the whole
(sd) shell and then compare these with the Ml strength
functions. The interference of spin and orbital contri-
butions is predicted to be most conspicuous low in the
(sd) shell. In the A=20 system GT strength is pre-
dicted to be spread over several states in 20F, the lowest
1+ state being at Ex = 1.06 MeV. The Ml strength to
the analog state at Ex = 11.26 MeV in 20Ne should be
enhanced by the constructive interference of the orbital
term by about a factor of 3-4. Inelastic electron scat-
tering results [Fagg et al., Phys. Rev. C 5, 120 (1972)]
show that almost all the Ml strength is concentrated in
this lowest 1+ state, in qualitative agreement with the
shell model predictions. A second motivation for the
present experiment, the determination of GT quench-
ing in .4=20, arises from the considerable spread in
the amount of quenching observed previously in (p, n),
(p,p') and (n,p) reactions using (sd) shell targets.

We have measured the 20Ne(n, p)20F reaction at
En = 198 MeV because several calibration experi-
ments had been carried out at IUCF which relate cross
sections and GT strength at this energy. A new high
pressure (n,p) gas target was developed for use in the

2aNe(n,p)20F 198 ,VieV

0.0
- 5

Fig. 50. 20Ne(n, ;))20F cross sections for 5 angles between
1.5° and 15°.

CHARGEX facility. In January 1988 it was used to
measure the cross sections and backgrounds at. 1.5°
and 6°. Data-taking was completed in July with mea-
surements at three more angles (3°, 10°, and 15°). The
angular distributions will be used in a multipole de-
composition to extract the GT (L=Q) and spin-dipole
(L=l) strength components in 20F. Development of the
gas target assembly was continued with the introduc-
tion of thin (0.0002 in.) windows for the target cells
and of a longer single cell configuration to reduce the
(n,p) background. These developments were exploited
in later experiments (Expt. 488 and Expt. 485).

Data analysis is almost complete and preliminary
results are shown in Fig. 50. A major source of the
statistical uncertainty in the data is the background
subtraction. Backgrounds arise from the chamber gas,
cell walls and cathode foils and account for about 50%



of the counts in the raw spectra. They have been mea-
sured in separate runs using different pressures of 20Ne
and Ar-CO? detector gas. The resolution is moderate
(about 1.3 MeV) having a sizable contribution from
straggling in the thick (0.020 in.) exit window of the
gas target cell. The peak at Ex = 1.1 MeV is the
Gamow-Teller excitation analogous to the 11.26 MeV
1 + , T—\ state in 20Ne. The angular distribution indi-
cates a small component of higher multipolarity which
is quite small at 1.5°. The other major peak is at
Ex — 6 MeV and appears to be mostly /,= 1 since it is
strongest at 6° where DWIA calculations predict the
maximum of the L—\ angular distributions to occur.
A multipole decomposition of the cross sections at the
various scattering angles, which is necessary to extract
the L=0 strength, is in progress.

For the state at Ex — 1.1 MeV the centre-of-mass
cross section is 1.23 mb/sr at 0;oj = 1.5° with an
uncertainty of about 25%. Using DWIA calculations
to extrapolate to q=0, and neglecting contributions
from /, > 0 multipolarities we derive an upper limit
of B(GT)< 0.152. Recent MSU shell model transition
densities and assuming a value g,\jgv — 1.25 predict
R(GT)=0.1424 for this state. A recent (/.>,//) experi-
ment [Willis cl al., Nucl. Phys. A4G4, 315 (198 )] has
determined a value of 0.185±0.022.

A paper on the gas target has beer, written and is be-
ing submitted for publication to Nuclear Instruments
and Methods. This experiment is the subject of an
M.Sc thesis at SFU.

Experiment 478
7rA'Ar resonances
(I). Fvckcrs, TRIUMF)

The isospin 7—2 state of the TTA'/V system has
two interesting substatcs, which are the states with
Tz = - 2 (i.e. mm') and 7% = +2 (i.e. ppir+). If
the pion can provide enough binding potential to bind
the slightly unbound di-ncutron, res p. di-proton sys-
tems, such a system could only decay weakly, and the
lifetime could be large as that of a free pion. The pos-
sibility of a bound system has spawned numerous the-
oretical calculations giving, however, partly conflicting
predictions for bound states [Gale cl al., Nucl. Phys.
B8. 109 (1968); Ueda, Phys. Lett, 74B. 123 (1978);
Kiilbermanii et al., J. Phys. G5, 35 (1979); cl al.,
Phys. Lett. 74B, 163 (1978); Friedmann cl ai, Phys.
Rev. Lett, 41, 794 (1978); Garcilazo, Phys. Rev. C 2C
2fi8'l (1982), Phys. Rev. Lett, 50, 1567 (1983), Nucl.
Phys. A408, 559 (1983), Phys. Rev. C 31. 257 (1985),
Phys. Rev. C 34, 1425 (1986); Dillig, invited talk
held at TRFUMF (1986); Kehnreicli. Diploma Thesis,
Univ. of Erlangen (I98G); Kalbermann and FJsenberg,

Phys. Lett. D211, 389 (1988)]. Several experimental
attempts have been made in the past to look for a
bound and/or unbound nNN system (either nnv~
or ppir+). Lichtenstadt cl ai [Phys. Rev. C 33, 655
(1986)], for example, reported a resonant enhancement
at 40 MeV above threshold with a width of 30 MeV
in the pion production reaction d(ir+, Tr~)ppx+ and at
256 MeV incident pion energy. A much talked about
measurement was performed by Ashery cI al. [preprint]
in 1987 at LAMPF, where the authors reported evi-
dence for a bound ppv+ (E& = 12 MeV) and nwr~
(Eg = 15 MeV) system using the double charge ex-
change (DCX) reaction on deuterium (d(z+ ,TT~ )ppv+

and of(7r~, •K+)nmr~ ). These results were, however, not
confirmed during a similar experiment, by the same au-
thors in 1988 [Ashery ct al., private communication].
A measurement at TRIUMF [Stanislaus cl al., Phys.
Lett. B, in press] using stopped negative pious cap-
tured by gaseous D-j also failed to see any 7 ray transi-
tions into a possible 7—2, pnw~ state below threshold.
We note however, that all these experiments may not
at all be conclusive because the formation of a JT.'VA7

system may be suppressed for certain entrance chan-
nels.

We felt that a proton-induced reaction could pro-
vide the most conclusive evidence for bound and/or
unbound states in the wN N, T'=2 system. In our first
experiments at TRIUMF using the MRS spectrometer,
we have concentrated on searching for bound states us-
ing a 12C target and a 500 MeV incident proton beam.
Using a proton induced reaction has a number of ad-
vantages over any other reaction studied thus far:

1) A proton induced reaction, like 12C(p,2IIe7i + ),
can be regarded as a one-step reaction. Two diagrams
are contributing (see Fig. 51) resembling target and
projectile pion emission, and the cross section can be
estimated to be of the order of 1-10 /ib/sr.

p
pn

n

P
P
P

n

t n — PP77
n

Fig. 51. Reaction mechanism for the reaction *•!(/>, 7V"r+ ).V.

2) Due to the large negative Q-va\u<\ the reaction
is not kinematically suppressed. At about 500 MeV'
incident energy and at a scattering angle of about 10°
the momentum transfer to the residual nucleus is low
( p , r ~ 200 MeV/c).

3) The reaction is isospin allowed as the residual
nucleus can easily provide the isospin balance.

4) A bound ppir+ can easily be delected in a spec-
trometer (like the MRS) exploiting time of flight, low
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magnetic rigidity, and the specific energy loss dE/dx
in various scintillators at the entrance and exit of the
MRS dipole.

In these experiments the only unknown quantity is
the lifetime of the ppir+ system against weak decay.
First, the TT —* et/ branch, which is helicity suppressed
for a free pion decay, may now be considerably en-
hanced, as the angular momentum imbalance can be
accommodated by the residual system. Second, the
/?+-decay of the proton becomes energetically possi-
ble. Some theoretical predictions on the lifetime have
been made [Lipkin, AIP Conf. Proc. 176, Rockport
(AIP, New York, 1988)] leaving, however, still room
for wide range of values. Therefore, to make a search
for a bound TTA'JV system meaningful, it was important
for us to cover the largest possible range of lifetimes.

We have used several different set-ups to cover the
region of possible lifetimes down to abol-t 20 ps. This is
about 3 orders of magnitude smaller than the lifetime
of a free pion. During all funs we used a 200 mg/cm2

12C target, and an incident beam energy of 500 MeV.
The spectrometer was placed at 10°, and incident beam
intensity was usually between 1 and 10 nA. In a first
measurement an attempt was made to track the ppir+

particle over its entire flight path through the MRS,
which is about 10.5 m and corresponds to a time of
flight of about 70 ns. No event was found and an upper
limit of 5 ns was placed on the ppir+ lifetime assum-
ing a production cross section of 1 //b/sr. In a second
attempt, di-protons from a. possible ppw+ weak decay
were detected in coincidence with a front end scintil-
lat.or dE/dx signal which would indicate the passage
of an A—2, q—+3 particle 30 cm away from the pro-
duction target. This measurement increased the sensi-
tivity for the lifetime to 0.5 ns. Two unique features
of the MRS, its large momentum acceptance (~13%),
and its relatively large solid angle acceptance, allowed
a high di-proton detection efficiency. The requirement
of a double track in each of the focal plane wire cham-
bers as well as requiring twice the A£7 signal of a single
proton in any of the focal plane scintillators yielded di-
proton spectra of extreme purity. Three candidates for
a bound ppn+ were found in a region of no background.
Prompted by this apparent positive result, modifica-
tions to the detecting system were made. To reduce
the time of flight, a stack of two thin 5 mm x 5 mm
plastic scintillators (covered with a 1 mm aluminum
foil to stop any low-energy heavy ions) were placed
5 cm away from the production target at 10°. Since
the edges of these counters were only 6 mm away from
the incident beam, substantial lead shielding against
any stray beam was necessary. Despite the proxim-
ity to the incident beam, we were able to run about
the same incident beam intensity (1-5 nA) without

1 2 3
FE-scint. 1

2 4
FE-scint. 1

Fig. 52. Energy loss correlation between the two front scin-
tillators gated on di-protons; b) is the scaled up version of
a) and shows the regions where various species of particles
are located.

excessive counting rate in either of the scintillators.
Using two scintiUators now allowed considerably bet-
ter identification of any species of heavy ions (or low-
energy particles) which might have obscured a proper
ppn+ -detection otherwise. The set-up was able tu de-
tect bound ppir+ particles with lifetimes as short as
20 ps (again assuming a production cross section of
1 ftb/sr). It also rules out the apparent positive result
of the previous measurement. In Fig. 52 ;s liown the
energy loss correlation for the two front scintiiiators
gated on di-protons as identified by the double track
requirement and proper dE/dx signal at the MRS exit.
Indicated are the locus of 3He, and o-particJc> if (lie
diproton gate is removed. In a conservatively drawn
circle around the region where a bound i>pw+ could be
expected we do not see a single event.

Experiment 480
Spectra] function of p+n in 6Li
(R.E. Warner, Notre Dame-Oberlin)

Measurements of the p+n spectral function for 3Ile
(i.e., the relative momentum distribution for p+n pairs
at rest in the laboratory) have been made at TR1UMF
by Bracco el a!. [Phys. Rev. Lett. 50, 1741 (1983)] and
compared with predictions of various Faddeev mod-
els. Recent Faddeev models of sLi by Lehman ci at.
[Phys. Rev. C 25, 2743 (1982)] successfully describe
the ground-state properties of this nucleus by treating
it as an o-particle and two nucleons. We have begun
measurements of the p+n spectral function for 6Li in
the expectations that Faddeev predictions tvi.') soon be
available [Lehman, private communication] and mean-
while have developed a plane-wave model whose pre-
dictions are in moderately good agreement with our
preliminary data.
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Measurements of the 6Li(p, pa)pn reaction were
made in Area BL1B using 200 MeV polarized pro-
tons. Protons quasielastically scattered at 57° cm.
were detected by a plastic+Nal telescope in coinci-
dence with a-particles detected in a two-element Si
telescope. Data were obtained for p+n wave numbers
k between 0.5 and 1.5 fm~1; f>~k2 = Me where M is
the nucleon mass and c is the p+n relative energy. The
measured cross sections are shown in Fig. 54; the asym-
metries were smaller than those expected for quasielas-
tic p+a scattering under these conditions.

A simple theoretical model was developed with the
following assumptions. The 6Li ground state contains
a p+n pair (with S= l , L—Q) moving in a harmonic
oscillator potential whose range parameter reproduces
the 6Li charge radius. The final p+n are in a scat-
tering state described by a Yamaguchi wave function.
Other unbound particles are described by plane waves.
The impulse approximation is used to relate the p+a
interaction causing the transition to the p+o- elastic
scattering cross section.

The predictions of this theory are compared with our
experimental data in Fig. 53. The agreement within
a factor of two, and the general downward trend of
measured and predicted cross sections with increasing
k, is as good as we expect for a plane-wave model.
Minima in the predictions result from interference be-
tween plane-wave and scattering terms in the Yam-
aguchi function. Lehman [private communication] ex-
pects them to be absent from the Faddeev model cal-
culations, which will include all pairs of interactions in
the 6L: ground state and use the PEST potential to
describe the final-state p+n interaction over a larger
energy range.

The above data are preliminary. Our final analysis
will include evaluation of the d+a cluster probabil-
ity and momentum distribution from the three-body
6Li(p,pa)d data which were concurrently obtained,
analysis of the 6L\(p,pa)pn data for p+n pairs with
uonvanishing laboratory momentum and their compar-
ison with our theoretical predictions, and more care-
ful evaluation of the possible contribution of the reac-
tion tail from the three-body reaction to events inter-
preted as 6]A(p,pa)pn. We intend to repeat, the mea-
surements at higher incident eneigy (500 MeV) us-
ing the MRS; this will reduce distorted-wave effects,
which are undesirable even if a Faddeev model is used
for analysis since the reaction mechanism must still
be treated by the p'ane-wave : npulsc approximation.
He'pful byproducts will be the reduction of beam nor-
malization problems and elimination of the reaction
tail.
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Fig. 53. Measured differential cross section for 6Li(p,;>a);)ii
reaction at 200 MeV at five geometries where the cm. of the
undetected p+n pair can be left at rest in the laboratory,
compared with PWIA predictions.

Experiment 484
A study of the spin dipole resonance in
40Ca(n,j>)40K
(A. Trudel, Simon Eraser; h'.P. Jackson, TRWMF)

The (p,n) and (n,p) reactions at intermediate ener-
gies have proven sensitive probes of the isovector spin-
flip strength in nuclei. The early studies focused on
measuring the GT resonance and addressed the ques-
tion of missing strength. The answer to this question
sparked interest in higher multipolarity resonances,
in particular the spin dipole resonance (SDR). In a
multipole decomposition approach the extracted GT
strength above the giant resonance is sensitive to un-
certainties in the spin dipole angular distribution at
small angles. One of the objectives of this experiment
is to use the well-isolated low-lying 2~ state in '°K to
measure the spin dipole angular distribution.

Further motivation for the measurement came from
a recent RPA calculation by Smith and Wambach
[Phys. Rev. C 36, 2704 (1987)] which attempts to
describe the full nuclear isovector response for both
floZr(;;, n) and 90Zr(n,/>) reactions. This calculation
performed in the second RPA, which includes ex-
plicitly the effect, of 2p-'2h final-state correlations on
the spreading widths, also included two-step contribu-
tions to the reaction mechanism. The calculation ac-
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curately reproduces the (p,n) response over the mea-
sured 35 MeV excitation energy range but, for the
(n,p) response, it overpredicts the magnitude of the
low-lying spin dipole resonance and underestimates the
magnitude of the continuum at higher excitation. The
•1QCa(n,p) cross section measurement together with the
existing 40Ca(p, n) data could be useful in illuminating
the reasons behind the observed discrepancy in 90Zr.
In the lower mass nucleus, 40Ca, the effect of 2p-2h
spreading will be smaller and the energy systematics
for the SDR will be different than in 90Zr.

Cross-section measurements at 300 MeV with MRS
angles 0°, 3°, 6°, 10° and 15° were made this summer
using the CHARGEX facility. Some hydrogen contam-
ination was observed in the 40Ca targets. With op-
timization of the energy resolution off line, the low-
lying 2" state should be resolvable from the U(n,p)
ground state at all angles except 3°. Preliminary anal-
ysis shows evidence for the spin dipole resonance in
"10K at 11 MeV excitation energy, in good agreement
with the 10 MeV excitation energy observed for the
analogue resonance in the 'inCa(/>, ;J)'1USC reaction. A
complete analysis is presently under way.

Experiment 485
Investigation of single particle spin dipolc
transitions in liN(n,j>)I5C reaction (A. Crllcr,
Sl-'U/Western Ontario; K.P. Jackson, TMUMF)

Iti the simplest approximation the ground state of
the nucleus 15N is a single lp\/2 hole coupled to the
closed shell nucleus I6O. Similarly the simplest states
in lr'C would have one particle outside and 2 Imles in
the \p shell. Transitions between the lowest states in
those nuclei would be then of a "single particle" nature
involving \p\/2 —* '^s\/2 alKl U'1/2 ~^ 1̂ 0/2 transitions.

The first objective of Expt. 485 was a study of the
(n,p) reaction on 15N populating g.s. and 0.740 MeV
states in 1:'C. The comparison of the experimental cross
sections ami angular distributions for these transitions
with DWIA predictions using different shell model con-
figurations provides a unique opportunity to investi-
gate spin dipole transitions between the states with a
simple structure and to investigate the nuclear struc-
ture itself, near the p-shell closure. There is also an
interesting connection between these (n,p) measure-
ments and the first forbidden ft~ decay of 15C.

The information about the spin dipole cross section,
especially at lower angles, is also of crucial importance
if one wants to separate the Gamow-Teller (GT) and
spin dipole strengths in a rniiltipole decomposition pro-
cedure. At present the results of multipole decompo-
sition have large uncertainties, as there are essentially
no experimental measurements of simple spin dipole

transitions at small angles.
Gamow-Teller transitions between 15Ngs and nega-

tive parity states in 15C are forbidden in the approxi-
mation described above. However, these transitions bo-
come possible through admixtures of higher order (2;J-
3/I) excitations into the 15Ngs . The investigation of
such configuration mixing has been extensive, although
theoretical treatments are not very satisfactory for the
closed shell nucleus 16O. Data from the 15N(n,;>) reac-
tion will complement the existing 1GO measurements.

The (n,p) configuration of the MRS with the high
pressure gas target was used for this measurement. The
secondary target consisted of a single cell containing
pure (99.5%) 15N gas at 20 atm with solid targets of
carbon in the front position and CHT in the back posi-
tion of the target box for normalization purposes. Spec-
tra were recorded for angles 0°, 5°, 10°, 15° and 20°
at a proton energy of 290 MeV.

In addition measurements with the gas cell filled
with Ar/COo at 20 atm and 1 atm were taken. These
will allow the subtraction of background arising from
the counter gas as well as from the solid material in tin-
cell and in the target box. The acceptance of the spec-
trometer was also measured with methane gas (('II.])
at 20 atm filling the high pressure gas cell.

The analysis of the data has already started, and the
results are expected soon.

Experiment 48C
Isovector giant resonances in 238U(n, j>) and
16'Ta(n.p)
(B. Spiccr, Melbourne; S. Yen, TRIUMF)

During July data were taken for the -38U(7?,;>) reac-
tion at 320 MeV with the TRIUMF Chargex facility
in (n,p) mode. The objective was to study the (n,]i)
reaction in the most neutron-exce»., nucleus possible,
where the normally dominant Qhu) Gamow-Teller res-
onance and even the 1/iu; spin dipole resonance are
largely Pauli blocked, thus giving a window for the
observation of the 2/iu> spin isovector monopolo reso-
nance previously observed in Expts. 268 and '131 in
the 2 Q 8Pb(n,p) reaction. Data were taken at. MRS an-
gles of 0°, 2.5°, 5°, 8°, 11° and 15° during 12 shifts of
beam time. The 2 : )8U(»,p) spectrum at 3.3° true scat-
tering angle is shown in Fig. 54. As expected, the spin
dipole is only weakly excited, but still visible in the on-
line spectra. The spin isovector monopole stands out
clearly at about 15 MeV excitation. Off-line analysis
of this data is in progress.

The last, shift was used to look at the l s lTa(ti , j i) re-
action at an MRS angle of 3°, with the hopes of seeing
a splitting of the spin dipole resonance in this highly
deformed nucleus. This data has been rebinned into
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Fig. 54. The 320 MeV 238U(n,p) spectrum at 3.3* scatter-
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Fig. 55. The 320 MeV I81Ta(n,p) spectra at 2.0° and 5,2°
scattering anglos.

two bins centred at 2.0° and 5.2° true scattering an-
gles. The spectra are shown in Fig. 55. The results are
puzzling. The 2.0° spectrum is larger at all angles than
the 5.2° spectrum, which is in sharp contrast to the sit-
uation in the 90Zr(r?,p) reaction. It is tempting to jump
to the conclusion that the SIVM resonance reaches all
the way down to zero excitation, but the very shape of
the 5.2° spectrum seems to warn us away from that.
There is also apparently structure in the 5.2° spectrum
at low excitation, up to 3 peaks, at excitation energies
of 5.0, 8.8 and 12.2 MeV. The statistics are very poor,
however. We believe that it is important for us to ob-
tain more data, and to understand the nature o( these
peaks, and more beam time was requested at the De-
cember EEC meeting for this purpose.

Experiment 488
Study of the 3He(n,p)3H reaction
(S. Yen, TRIUMF; M. Moinester, Tel-Aviv)

The 3He(r?,p) reaction is of interest because it pro-
vides an opportunity to study isovector excitations in
the lightest, possible "real" nucleus. It is well known
that in the /3 decay of tritium the Gamow-Teller ma-
trix element is quenched about 4.4% from the single-
particle estimate [Towner and Khanna. Nucl. Phys.
A339, 334 (1983)]. This quenching of CT strength is
observed in (p,n) and (n,p) reactions in many nuclei.
The missing strength is conjectured by some [Bertsch
and Harnamoto, Phys. Rev. C 2C, 1323 (H.82)] to be
shifted to higher energies by 2-particle 2-holp mixing.
and by others [Bohr and Mottclson, Phys. Lett. 100B.
10 (1981)] to be shifted to the region of the A-isobar
by A-hole configurations.

The search for the missing GT strength in heavier
nuclei is complicated by the fact that, in the presence of
distortions, higher multipolarities make nonzero con-
tributions to the cross section, even at a scattering
angle of 0°. The high-excitation continuum is also
larger, making it problematic to identify fragmented
GT strength at high excitations. Since 3HC(H,/») is such
a light nucleus, both distortions and the high- excita-
tion continuum are minimized, offering one of tlie best
cases for identifying fragmented GT strength at high
excitations.

During two separate runs in August and Septem-
ber, data were taken on the :iHe(»,/>) reaction at. a
bombarding energy of 290 MeV. The apparatus used
was the TRIUMF CHARGEX facility in {n,p) mode
[Helmer, Can. J. Phys. 65, 588 (1087)]. The secondary
target, consisted of 3He gas at a pressure of 20 at.ni, fol-
lowed by a CUj foil for normalization purposes. Dam
were taken at 0°, 5°, 10°, 20°, and 25° in the lab.
Sample on-line spectra at 0° and 10° are shown in
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Fig. 56. On-line spectrum of 3He(n,^) reaction at 0°
subtraction has been made for background due to Ar-
counter gas and solids in the gas target.

No

Figs. 56 and 57. In addition to data on 3He at 20 atm
pressure, data were also taken with the gas cell filled
with Ar-CO2 at 1 and 20 atm. These allow us to sep-
arate the contributions from the 3He gas, the Ar-CO^
counter gas in the secondary target, and the solid com-
ponents in the multi-wire proportional counters in the
secondary target. Data were also taken at various an-
gles with the gas cell filled with methane at 20 atm,
to allow us to account for the attenuation of the inci-
dent neutron beam in the thick walls of the gas target
vessel.

In Figs. 56 and 57, the sharp peak corresponds to the
ground state of 3H. The broad, prominent structure
visible at 10° is the spin dipole resonance. It is evident
that there is no GT strength concentrated in a few
peaks at high excitation. Off-line analysis of the data
is in progress, and will it is hoped set a significant
upper limit on widely distributed GT strength at high
excitations.

Experiment 402
Enhancement of the S=l, T=0 nuclear response in
pion scattering
(O. Hausser, SFU/TRIUMF; M. Vetterli, Simon Fraser)

Experiment 492 is concerned with a study of
quasielastic pion scattering from Pb at 100 MeV and
200 MeV. A surface response model [Esbensen and
Bertsch, Ann. Phys. 157, 255 (1984)] including 2p2h
damping reproduces well the (n, p) cross section at mo-
mentum transfers greater than about 0.5 fin"1. 2p2h
correlations push strength to higher excitation energy
where the simple RPA response underestimates the
data. The {n,p) cross section is dominated by the 5=1,
T=\ nuclear response. The 5=0, T=0 response, which
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Fig. 57. On-line spectrum of 3H(n,p) reaction at 10°

is the largest component of the (p, p') cross section, is
not damped by 2p2h correlations. It would be useful
to observe 2p2h damping in a channel other than 5=1,
T=l , therefore confirming this mechanism which is a
possible explanation of Gamow-Teller quenching.

It is the goal of Expt. 492 to determine the 5=1,
T=0 response by studying quasielastic TT scattering.
This channel can be isolated by comparing the cross
sections at judiciously chosen energies and scattering
angles. Figure 58 shows the response in each of the four
spin-isospin channels for incident pion energies of 100
MeV and 200 MeV. At 100 MeV and 50°, the cross
section is dominated by the 5=1, T=0 response, while
at 200 MeV and 30° it is dominated by the 5=0, T=0
response. By combining measurements under both con-
ditions, it. is possible to separate the quasideuteron re-
sponse. Further study of the anomalous 7r~/7r+ cross-
section ratio observed in Seestrom-Morris cl al. [Phys.
Rev. C 33, 1847 (1986)] should also be possible since
we planned to make measurements with both TT+ and
ir~ beams.

The PACMAN magnet was modified to act as a large
acceptance, moderate resolution (w5 MeV) pion spec-
trometer for this experiment. The detector arrange-
ment is shown in Fig. 59. The front-end detectors con-
sisted of a thin trigger scintillator (S5), an MRS type
front-end chamber (FEC) (WC1), and a standard TR1-
UMF delay line chamber (WC2). Two MRS focal plane
polarimeter chambers (VVC3, WC4) were used at the
focal plane along with 4 trigger scintillators. The lat-
ter were combined into two planes (SI, S2). A second
delay-line chamber (WC5) and a scintillator (S3) were
placed on the opposite side of the beam from the spec-
trometer to detect the recoil protons from the H(7r, ?r')p
reaction which served as a normalization. A series of
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Fig. 58. Pion-nucleon cross sections in each of the four spin-
isospin channels at 100 MeV and 200 MeV.

plastic scintillators monitored the beam. S6, S7, and
S8 were used as a pion telescope measuring the inelas-
tic scattering of pions from the target, while 59 and
S10 formed a muon halo monitor. Sll was placed up-
stream of the target to integrate the beam and S4 was
used as a muon veto and will be discussed below. The
event trigger consisted of S1-S2-S5-S11-S4, with S3 also
included for H(TT, 7r')p.

As mentioned above, this reaction was used to cal-
ibrate the system. The incident pions had an energy
of 170 MeV and the recoil protons were detected be-
tween 64° and 78°. Since the energy of the protons
was low, between 6 MeV and 22 MeV, WC5 had to be
placed very close to the target. The efficiency of the
second arm (WC5,S3) varied with proton energy and
tight gates had to be set on the proton energy.

This experiment ran in the first half of July on beam

line Mil, and most of the time was spent commission-
ing the PACMAN as a spectrometer. Of the expected
problems (determination of chamber parameters, op-
timization of the electronics and the trigger require-
ments, beam tuning, etc.), two stand out as having
caused the most delay.

Experiment 492 was the first experiment in the me-
son hall to use the new TRIUMF data acquisition sys-
tem. Although this system had been running success-
rully for over a month on the MRS, the TPC750 VAX
was not configured in the same way as the MRS VAX
and several modifications had to be made.

The major problem to be overcome was that of
the muon halo. Although the beam line was heavily
shielded, the forward angle of the spectrometer made
it impossible to eliminate muon contamination. Scin-
tillator S4 was placed between the shielding and WC1,
and was included in the trigger as a veto. This dramat-
ically reduced the muon contribution to the event rate.
Although the trigger was still dominated by muons, we
were able to make useful measurements.

Data were obtained for jr+ and TT~ on Pb at 200
MeV and 30°. Since much time was necessary to com-
mission the spectrometer and since changing to 100
MeV required moving the PACMAN to 50° which is
time consuming, the latter phase of the experiment
was not done. The goal of isolating the 5 = 1, 7=0 re-
sponse can therefore not be achieved with the present
data set. However, we will obtain results for the w~/<r+

cross-section ratio at 200 MeV. Analysis of the data is
in progress.

S3

Fig. 59. Experimental layout for Expt. 492. The PACMAN
magnet was modified as a moderate resolution spectrome-
ter.
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Experiment 490
Measurement of the angular distribution of the spin
transfer parameter DLS in ;;;; — I!TV+

(H. Abcgg. TRIl'MF)

Experiment. 496 received 14 shifts of beam time.
The longitudinally polarized proton beam was scat-
tered horn a 200 mg/cnr thick C\\-> foil. The scattered
deuterons were identified with the MRS. Whenever
possible over the angular range the pions were used
in coincidence with the deuterons. To this end a plas-
tic scintillator was placed at the corresponding angle
on the right side of the MRS. Beam currents of about
0.5 nA were used. The normal and sideways polariza-
tions were monitored continuously and were on average
0.003±0.001 (spin-up), -0.006±0.001 (spin-down) and
0.038±0.001 (spin-up), -0.038±0.001 (spin-down), re-
spectively. From time to time use of the 4 A polarimeter
allowed the determination of all polarization compo-
nents. After correcting for instrumental asymmetries
the longitudinal polarization of (he proton beam was
0.720±0.002 (spin-up) and -0.691±0.002 (spin-down).
Ten good statistics data points were obtained in the
centre-of-mass angular range of the pion between 40°
and 155°. The data were analysed and follow closely
the fits received from D. Bugg.

Experiment 498
Analysing power zero crossing angles in up elastic
scattering below 300 MeV (('.A. Davit, Manitoba)

This experiment was proposed and accepted at the
December 1987 Experiments Evaluation Committee
meeting. It is designed to provide high-precision data
to constrain the nucleon-nucleon phase shifts and to
help understand discrepancies in the database, espe-
cially with regard to the polarization data. This in-
volves measuring the zero-crossing angle of the ?*-
j> elastic scattering analysing power to ±0.2° (cm.),
much as was done in the CSB experiment (Expt. 121).
Below 300 MeV, this zero-crossing angle is a strong
function of energy, which implies that we must, cali-
brate our neutron energy precisely. We will also get a
value for the zero-crossing angle at. 350 MeV from the
next CSB experiment (Expt.. 369).

This experiment will make use of the existing equip-
ment for CSB (Expt. 369) and would be scheduled so
that. it. could make use of the detectors and electronics
set-up for that experiment, i.e., either before or after
('SB. We will need to use either a LHi> target or a CII-..
target (with dummy graphite target).

The neutron beam energy must be known l.o
<0.5 MeV. To calibrate the primary proton beam en-
ergy, we have calibrated (at one energy only so far)

the BEM against the value determined by TRIUMK
Expt. 4G6, slightly above the threshold for the reaction
up —> dn°. The BEM will be calibrated at two more
energies with respect to the MRS. We use the results
of Bugg and Wilkin [Nucl. Phys. A467, 575 (1987)]
to establish the average neutron energy by integrating
over the spectrum of neutrons predicted by them for
the d(p,n)pp reaction at 9° in the lab. This prediction
will be tested by Miller et at. in E]xpt. 433.

This experiment will take approximately 6 shifts and
will probably occur sometime in 1989.

Experiment 502
Measurement of analysing powers in low-energy xd
elastic scattering
(N.R. Stcvenxon, Saskatchcwaji)

The method of satisfactorily handling the Pn n.\' in-
termediate potential in ird elastic scattering has been a
central issue for many of the theoretical models. Most
resolve this by splitting the P\[ into its pole (pion ab-
sorption) and non-pole (reseattering) components with
the overall value for the phase of P\\ being constrained
to experiment (only a few degrees below 2G0 MeV).
However, the pole term is Pauli blocked in some waves,
and when this factor is included most models fail to re-
produce the measured obscrvables as well as when it is
ignored or when P\\ i<; omitted altogether.

To attempt to understand the missing physics that
exists bet.ween theory and experiment some have added
additional higher-order terms to theoretical models.
For example, the longstanding discrepancies in the
back-angle cross sections and forward-angle vector
analysing power fl\\ can be resolved by including
short-range A-A' interactions [Ferreira rt at.. J. Phys.
G 13, 1,39 (1 ^7)], and the discrepancies in the tensor
analysing power T-M can be largely removed if second-
order diagrams involving AWTTTT intermediate states
are introduced [Jennings and Rinat, Nucl. Phys A485.
421 (1988)]. Experimental tests of these assertions con-
liiuie to be made at. TRIUMF and elsewhere.

In the low-energy regime (below 100 MeV) the P;j,s
has a diminished influence and one would expect, to be
more sensitive to the treatment of the P\\ interaction.
At 50 MeV it was pointed out [Locher, A1P Conf. Proc.
163 (AIP, New York, 1987), p. 20] that the analysing
powers are particularly sensitive to the P\ i input due
to a combination of the above-mentioned effect coupled
with the observation that the real part, oi the forward
amplitude goes through zero near this energy.

A partial-wave analysis [Stevenson and Shin, Phys.
Rev. C 36, 1221 (1987)] showed that some of the
waves must behave in a completely different way below
100 MeV to that, over the (3,3) region. A foremost ex-
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ample is the //<£=/oo partial wave which is one of the
dominant contributions. Its clockwise behaviour with
decreasing energy ..nust give way to a rapid anticlock-
wise loop to threshold. This occurs below 100 MeV but
the shape is not determined. Theories predict very dif-
ferent values and rapidity. Interestingly, in the coupled
nd *-+ pp channels the corresponding partial wave aj
displays a similar effect [Bugg, J. Nucl. Phys. 10, 717
(1984)] at the corresponding energies.

To reconstruct the dominant partial waves at
50 MeV requires the measurement of at least 4
analysing powers [Stevenson and Shin, op. cii] (spin-
transfers cannot be measured due to the low recoil en-
ergy of the deuterons). Experiment 502 undertook to
measure those observables over as complete an angu-
lar range as possible. The experiment first took data in
July in the M13 channel. The measurements were made
using the TRIUMF dynamically polarized deuteron
target and the QQD spectrometer. Since this was the
first time that a polarized target had been used in M13
a suitable servicing platform with associated equip-
ment had to be constructed. It was also the first time
that a polarized target had been used at the pivot point
of the QQD spectrometer. The initial set of measure-
ments employed the target polarized in the vertical di-
rection to determine iT\\ and T%2 = T22 + 72o/\/6.

The polarized target cell was constructed such as to
minimize the quantity of material in/near the target.
This would have allowed us to measure the angular
range from 50° to 150°. However, the target cell devel-
oped a heat leak problem which could not be solved
immediately. A substitute cell (not optimum for these
single-arm spectrometer measurements) was used in
place of this and measurements at 70°, 110°, and 130°
were made. Due to lost beam time and lower than ex-
pected target polarization we were unable to measure
all the angles we had intended at this time. The prob-
lem with the original target cell has now been diag-
nosed, and it is planned to complete the measurements
with a vertically polarized field and then proceed to
determine T20 with a longitudinally polarized target.

Figure 60 shows some preliminary results and com-
pares them with various theoretical models after a cor-
rection for Coulomb has been made. The best agree-
ment seems to be with the model of Blankleider and
Afnan after the higher-order additions of Jennings and
Rinat are added (dashed curve). We note that these
data comprise the lowest-energy polarized target data
that exist and demonstrate the feasibility of other sim-
ilar impending measurements at TRIUMF. One such
natural extension of these measurements would be an
investigation of the effect of the Coulomb interaction
and possible charge symmetry breaking. This may be
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Fig. 60. Preliminary results of Expt. 502 for iTn at 50 MeV.

examined by comparing the analysing power iT\y in
ir+d and w~d in the near future.

Experiment 505
True absorption of low-energy pions by nuclei
and the pionic atoms anomaly
(E. Friedman, Hebrew Univ., Jerusalem)

The anomaly in widths of broad pionic atom states
appears to be established experimentally. Existing cal-
culations are unable to reproduce these results al-
though current potentials are capable of reproducing
shifts and widths over the whole of the periodic ta-
ble, covering almost 4 orders of magnitude. In all the
cases where the anomaly is observed the width of the
X-ray iine is very large and the determination of the
widths involves subtraction of relatively large back-
ground. Therefore, before concluding that there indeed
is a failure of the theory with these "abnormal" states,
one must establish the anomaly with the help of an-
other experimental method.

The analysis of elastic scattering of pions at 20-
30 MeV seems to show [Phys. Lett. B 207, 381 (1988)]
that there is no anomaly in the potentials. However,
more direct evidence is really needed from observables
more closely linked with the width of pionic atom
states. The cross section for true absorption of pions
by nuclei <rabs at very low energies is such a quan-
tity. Counting measurements of cross sections for true
absorption of pions by nuclei have been made before,
mostly above 50 MeV. At very low energies (below 30-
50 MeV) experiments have been performed by detect-
ing reaction products but the interpretation seems to
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depend on many assumptions. The present experiment
is to measure erabs at such low energies and to link these
to widths of pionic atom states.

The total reaction cross section is given by

2w
'{hc)2k

I* lmUoptx d3r

where w and k are the pion total energy and wave
number, respectively. Uopt is the optical potential and
X is the elastically scattered wave function (distorted
wave). The width of an atomic state is given by

r = - i tip dPr

where ^ is a bound-state wave function. Clearly the
two expressions are rather similar, and studies of <TR
should shed some light on T and on Imf/Opt- One dif-
ference between the two quantities is that only true
absorption contributes to F whereas true absorption
and inelastic scattering contribute to CTR. The latter
process is represented by one-nucleon imaginary terms,
linear :n the nuclear density, which are absent from the
expression for F. It is therefore intended to separate OR
into crabs + Cim if obvious notation.

Experiment 505 is to do transmission experiments
at 30 MeV, and possibly at lower energies on M13,
coupled with the appropriate scattering experiments to
be carried out at PSI, on targets of C, O, Mg, Si and
possibly Ca, with the same equipment and method as
in Expts. 254 and 393. It was scheduled for August but
the time was devoted to the higher priority Expt. 530;
plans now are to run Expt. 505 in the summer of 1989.

Experiment 530
7r+/> total cross sections at low energies
(E. Friedman, Hebrew Univ., Jerusalem)

This experiment utilizes the facility for precision
measurements of transmission of pions to tackle one of
the most pressing problems of low-energy pion-nucleon
physics.

At energies below about 100 McV one finds discrep-
ancies as high as 20% between experimental cross sec-
tions for pion-nucleon elastic scattering and predictions
made with currently accepted phase shifts [Brack et al.,
Phys. Rev. C 38, 2427 (1988)]. In addition, differences
between various experiments grossly exceed their re-
spective quoted errors. It is thus highly desirable to
obtain more data on the pion-nuclcon interaction with
the help of independent techniques. In the present ex-
periment we measure the attenuation of a TT+ beam
by hydrogen with the help of a detector subtending
on angle 0 (w30°) at the target. For low-energy TT+

this attenuation is given by the integral of the differ-
ential cross section over the solid angle complementary
to that of the detector. The angular distribution for
w+p elastic scattering is peaked at large angles and
therefore the above integral is closely related to the
total cross section for the ir+p interaction. We aimed
at measuring this integral to an accuracy of 5% us-
ing the apparatus employed before (in Expts. 254 and
393). Solid targets of CH2 and graphite were used in
order to obtain the rr+p cross section from the corre-
sponding differences. This approach seems preferable
to using liquid hydrogen, as absolute values of cross
sections are the prime aim of the experiment.

Preliminary measurements were made in August on
M13 at 63 MeV. The results showed that the cross
sections on CH2 and C could be measured to accu-
racies better than 0.5% and therefore the 7r+p cross
section could be obtained with the required accuracy.
Based on these results data-taking is planned at 67, 92
and 126 MeV for the next phase of measurements. At
67 and 92 MeV the discrepancies between phase-shift
predictions and experiment are 20% and 10%, respec-
tively, whereas at 125 MeV all results are in agreement
with each other and that energy should provide a check
on the technique.

Search for spontaneous JT° decay
(D.F. Measday, S. Stanislaus, UBC.)

There has been a surge of interest recently in
whether heavy elements might produce measurable
quantities of ir° during spontaneous fission. Energet-
ically it is permitted because 200 MeV is available in
actinide fission.

TINA and MINA constitute an excellent n° spec-
trometer, so they were set up at the end of a running
cycle by stopping n~ in a CH2 target. A cosmic-ray
veto counter was borrowed from the TPC group. Then
the detectors were allowed to run for several weeks.
The whole procedure was repeated in an independent
run. No w° events were detected for any of the sources
which were Pb, Bi, Th, natU and 232Cf. Figure 61 il-
lustrates the spectrum for ETxEM (7 energy in TINA
multiplied by the 7 energy in MINA) which is a conve-
nient parameter because the peak position is indepen-
dent of the 7r° energy. Spectrum (a) is from the set-up
procedure using ir~p —+ 7r°n at rest; the other spectra
are (b) 252Cf with borax shielding against neutrons,
(c) 252Cf with no shielding, and (d) natural uranium.

Branching ratios can be obtained with respect to
other forms of decay and the limits range from 10~n

to 4xl0~9 . The most sensitive value is for 252Cf and
an appropriate parameter is the ratio for n° produc-
tion with respect to spontaneous fission, and a limit
of 3.3xl0~!O was obtained. This is better than the
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two previous experiments, one at Saclay, the other at
Oak Ridge. More sensitive searches are continuing in
the Frejus tunnel and at LAMPF. Ouc equipment can-
not compete with these measurements so we have pub-
lished our results and terminated this programme.

Search for dibaryons
(D.F. Measday, S. Stanislaus, UBC)

In the summer of 1987 there were persistent ru-
mours from LAMPF that bound systems of irNN
had been observed in pion double charge exchange on
the deuteron, viz. ({(n^,ir:f:)wNN. The objects were
claimed to be bound by about 15 MeV and were isospin
2 systems (ir+pp and j - ' no) . If such a system existed,
there might be observable transitions from a ir~ d atom
to the neutral species (ir°nn + w~pn). The 7-ray would
be about ]3 MeV and so easily detected in a small Nal

-2S00H

-300O
10 20 30

y—ray Energy (MeV)

Fig. 62. Subtraction of the gamma spectrum for v stop-
ping in H2 from the spectrum for D2. No peaks are observed
in the expected range of 10 to 20 MeV.

crystal. Similar searches have been conducted in the
pp system for transitions to baryonium.

Thus during a run on Expt. 511, using a deuterium
gas target, some spectra were taken using a 12.7 cm
<f> x 12.7 cm long Nal detector. TINA and MINA were
also available but the background from thermal neu-
tron capture was much worse in these large crystals.
It was found that a hydrogen target provided identi-
cal conditions, so the spectral shape of the accidental
background could be determined in a straightforward
manner.

Figure 62 illustrates the subtracted spectrum, deu-
terium minus hydrogen, over the energy region of in-
terest, 10 to 20 MeV. (The dip towards 40 MeV comes
from the 7r° box from ir~p —* w°n.) No peaks are de-
tected. In a test run with electrons, the energy reso-
lution of the Nal was found to be 20% in this energy
region.

Various fitting procedures gave similar resuus con-
cerning the lack of peaks. Around 13 MeV it was found
that there were no peaks, and the branching ratio limit
was about 2xlO~4 with 90% C.L. This is a useful
value when compared with the calculation of Heller
and Gibbs, a preprint of which is now available. Sev-
eral possible configurations can be eliminated. Unfor-
tunately, however, the most likely candidate is a 2~
state, and Heller and Gibbs predict that this would
have ;. branching ratio of ~10~7 which seems out of
reach for Nal detectors in this very difficult energy
regime. A pair or Compton spectrometer would be less
sensitive to neutron capture 7-rays, but the efficiencies
are low. As the LAMPF dibaryons seem to be dissolv-
ing in the ether, our results have been published and
the project has been terminated.
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RESEARCH IN CHEMISTRY AND SOLID-STATE PHYSICS

Experiment 371
Muouium in micelles
(D.C.Walker, VDC)

These experiments have shown that the reactivity
of muonium atoms towards solutes in water is greatly
influenced by addition of micelles. At least two fac-
tors are involved. First, the changed microenvironment
causes a lowering of the activation barrier for slow ab-
straction reactions involving organic solutes trapped at.
the lipid phase. Second, there is a natural concentrat-
ing effect, caused by preferential localization of solute
and diminished mobility of muonium in the micelle.
The effects of biphasal separations depend specifically
on where the solute is localized - in the hydrocarbon
core of the mic-lle, in the Stern layer, the ion atmo-
sphere, or the bulk aqueous phase. Confined diffusion
plays a role and perhaps an enhanced probability of
tunneling for certain types of reactions is evident.

Muonium is used here to emulate the properties of
its heavy isotope hydrogen, which cannot be observed
under such conditions due to its faster reaction with
the surfactants. However, there may also be important-
general implications, because these enhancements seem
to be prototypes of the altered kinetics to be expected
for membrane-mediated reactions in living cells.

This experiment was completed during 1988 after a
total of ~85 shifts using the union spin rotation tech-
nique (//SR) on M20A or M15 and level crossing reso-
nance spectroscopy (LCR) on M15 or M20B. Muoniuin
atoms were invariably formed in the water pha.se and
their reaction rates determined by /(SI? or the free-

00075.M Uracil '0 0025M DTAB micelle
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1E2 IB 1.9 2 2 1 2 2 2 3 2 4
Longitudinal Magnetic Field / T

Fig. fi.'J. LCR spec t r a of uracil in D T A B micelles at 2.5 x

1 0 - 3 M.

radical product detected by LCR. A wide range of so-
lutes (~45) was studied, including biologically impor-
tant bases and molecules whose low solubility in water
required both the solubilizing and enhancing proper-
ties of micelles in order to see the radical.

Figure 63 shows an LCR of the muonated radi-
cal formed by addition of free muonium atoms ex-
clusively across the C=C bond rather than either of
the C=O groups of uracil in a dilute micelle solution
(decyltrimethylaiir ionium bromide). Table III pro-
vides a selection of second-order reaction coefficients
in pure water [ksi) and with added micelles (i'A/(m;C)).
Micelle enhancement factors are seen to range from
0.5 to 20,000. Furthermore, km itself can be seen
to change dramatically with structure, as in the se-
ries CH3CONH2 (*A/ < 105 M- ' s - 1 ) to CH3COCII3
(8x 107) to CH3CSNH2 (2x 1010). This work forms the
basis of the PhD thesis of Mary Barnabas and lias al-
ready been partially published in Chem. Phys. Lett.
145*289 (1988); Can..]. Chem. G6, 1979 (1988); Chem.
Phys. Lett, 143, 313 (1988); Radiat. Phys. Chem. 32,
65 (1988); and Can. J. Chem. (in press).

Table III. Muoniuni rate constants with and without
added micelles, and kinetic isotope effects.

Solute

2-Propanol
Acetone
Acctamidc
Thioacctamidc
Urea
Tctratnethyltliiourea
Adcninc
Valinc
Ilistidine
Penicillamine

k u /
.M-'.s-1

1.3xl()6

K.7xl()7

<10f'
3xlO10

<\o'j

•txlO!0

2x10°
5xlOu

2.5X109

3.8xl()9

k«/kH

0.02
33

<1.5
5

< i
-

20
0.4
11
1.5

k\/(mic)

.M-'s-1

2.5x10'°
2.5x10'°

1x10°
3x10'°

<1()9

2xl01D

2x10°

2x10'J

Experiment 398
//LCR spectroscopy of free radicals
(P. It'. Percival, Simon Frasrr)

The combination of muon spin rotation (/(SR) and
union level-crossing spectroscopy (/(LCR) has proved
very successful in the study of organic free radicals.
Several projects have been investigated concurrently
under Expt. 398, but there has been particular em-
phasis on intramolecular motion in alkyl radicals.
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The study of proton and muon hyperfine cou-
pling constants (hfc's) of the tert-butyl radical
(CH3)2CCH2Mu described in the 1986 TRIUMF An-
nual Report has been extended to measurements of the
13C hfc's of the trigonal carbon. Figure 64 shows this

new data. It is clear that, the 13C hfc passes through a
shallow minimum in the region of 250 K. This is qual-
itatively similar to the equivalent data on (CH3)313C,
measured by electron spin resonance (ESR), but there
are intriguing differences. The existence of such a min-
imum in the 13C hfc is usually taken as evidence of
vibration between pyramidal configurations of the rad-
ical. Mu for H substitution would not be expected to
have much effect on a pure inversion mode, but might
be effective if methyl rotation is coupled to inversion,
as suggested by the analysis of the temperature depen-
dence of the muon and proton hfc's.

A second radical with interesting intramolecular
motion is cyclohexadienyl, C6H7. The isotopomer
CeHeMu is formed by stopping fi+ in benzene. Since
the reaction is most likely a simple Mu addition, the
muon ends up in the methylene group, well placed as
a label to study the restricted torsional motion of this
group. The temperature dependences of the muon hfc's

u and CeFgMu were measured by
//SR, and the corresponding methylene H, D and F cou-
plings determined by /.iLCR. The hfc variations were all
linear with temperature over the small range studied
(12-50°C). The results are summarized in Table IV.
Muon and deuteron hfc's are given in isotopically re-
duced form for direct comparison with the proton hfc's.
fiLCR measurements on a dilute solution of 13C6H6

showed that the 13C hfc for carbons 1 and 6, adjacent

Table IV. Muon and X(6) hyperfine coupling constants for the methylene group in
the cyclohexadienyls CfiX6Mu (X=H,D,F).i

radical
(MHz)

Ax
(MHz) (MHz/°C)

dAx/dT
(MHz/°C)

C6H6Mu

C6D6Mu

CcFcMu

12.4
25.0
37.2
50.5

6.2
12.4
25.0
37.2
50.5

12.4
25.0
37.2
50.5

161.877(3)
161.611(3)
161.336(3)
161.053(3)

163.806(3)d

163.578(2)
163.263(2)
162.954(2)
162.600(2)

63.15(1)
63.12(1)
63.10(2)
63.06(2)

126.08(1)
126.03(1)
125.97(2)
125.88(1)

123.40(6)
123.27(6)
122.93(6)
122.82(5)
122.07(6)

361.02(1)
359.78(1)
358.57(1)
357.18(1)

-0.022

-0.027

-0.005

-0.028

-0.002 -0.101

"statistical errors in parentheses
hAtt - 0.31413^
cassnining a straight line
dAD = 6.5U5AD
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Table V. 13C hyperfine coupling constants in 13C6H6Mu.

(MH2) (MHz)

12.4
25.0
37.2
50.5

53.76(3)
53.81(4)
53.74(3)
53.72(3)

39.36(3)
39.41(4)
39.36(3)
39.39(3)

to the methylene group, does not vary with tempera-
ture (Table V), suggesting that torsional motion of the
methylene group does not alter the geometry at these
carbons. This view is supported by semiempirical cal-
culations which show that the isotope effects and nega-
tive temperature gradients are consistent with a planar
ring configuration, and that vibration involves bending
only the C-Mu and C-H methylene bonds, in contrast
to an earlier suggestion that the whole CMuX group
bends out of the ring (Fig. 65).

Both of the projects described above included fiLCR
measurements on 13C-labelled material. Although di-
lute solutions are a necessity, this poses no problem for
/zLCR, provided the radical is formed within 100 ns.
Unfortunately, to interpret the spectra the muon hfc
must first be known, and the usual method, transverse-
field fiSR, cannot be used due to loss of phase coher-

Fig. 65. Possible vibrational modes of the cyclohexadienyl
radical: planar ring with variation of a and y (left); out-of-
plane bending of the whole CHMu group (right).

ence of the precession signals. An alternative method
which avoids this problem is rf muon spin resonance
in a longitudinal magnetic field. Experimental tech-
niques for the detection of radicals by this method
have been developed at the University of Tokyo Me-
son Science Laboratory, but these are not suitable for
the cw muon beams available at TRIUMF. Therefore,
development of new apparatus and techniques has been
initiated under Expt. 398 in anticipation of a growing
need to circumvent this limitation of conventional /zSR.
The technique involves constant irradiation of the sam-
ple at a fixed rf frequency (typically 20 MHz) while
recording the muon asymmetry (from the integrated
positron rates in the forward and backward directions)
as the magnetic field is stepped. So far, rf resonance
has been successfully detected at the diamagnetic fre-
quency (Fig. 66), but not yet for a radical.

Integral field—swept rf muon spin resonance Time—differential rf— fiSR on resonance
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Experiment 420
Kinetic isotope effects in the reaction of muoniiim
with halogens (A. Gonzalez, D.G. Fleming, UBC)

The measurement of the rate constants of muonium
reactions with the halogens FT, Clo and Bra (X2) has
been extended from room temperature up to 500 K
during 1988. The whole set of data obtained during
the 1987-1988 beam time is displayed in Fig. 67, along
with the most recent variational transition state theory
(VTST) calculations of Truhlar and co-workers [Gar-
rett et al., Hyp. Int. 32, 779 (1986)]. The data for both
the chlorine and fluorine reactions show pronounced
curvature in their Arrhenius plots at low temperatures,
indicative of the dominant role played by quantum tun-
neling of the ultralight muonium atom. In the case of
Mu + F2, ths bimolecular rate constant k(T) is es-
sentially independent of temperature for T < 150 K,
likely the first observation of Wigner threshold tunnel-
ing fTakayanagi et al.,3. Chem. Phys. 86, 6133 (1987)]
in ga? phase kinetics. The Br? data exhibits an appar-
ent negative activation energy, probably indicative of
a highly attractive potential energy surface.

Near room temperature the VTST calculations for
the reaction of Mu with FT and CI2 are in good agree-
ment with the measured values, but there is a consider-
able disagreement between theory and experiments at
the higher temperatures. Similarly the calculated value
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for Br2 at room temperature is much higher than the
data. Tn the case of Mu + Fj and Mu +CI2 the poor
agree; lent between theory and experiment arises either
because the potential energy surfaces used or the dy-
namical calculations (or both) fail to account properly
for quantum tunneling. It is clearly necessary now to
extend the calculations of Garrett et al. down to the
lower temperatures covered by the experiments. In the
case of Mu +Br^ the lack of agreement between theory
and experiment is less clear, because tunneling in this
reaction likely plays a relatively minor role.

It should be emphasized that this data for Mu + Xo
provides not only a crucial test for reaction theories,
as in our previous study of Mu +H2(Da) [Reid cl al.,
J. Chem. Phys. 86, 5578 (1987)] but also will be im-
portant in better defining the semi-empirical potential
energy surfaces necessary for H 4- X2 reaction system
in general.

Experiment 447
LCR of muonated radicals in micelles
(K. Venkateswaran, UBC)

This experiment which profitably combined two sig-
nificant developments in /tSR - micelle enhancements
of muonium reactions and the muon level-crossing-
resonance (LCR) technique - is now complete. About
40 shifts were used altogether in beam lines M15 and
M20B in investigating muonium reactions in aqueous,
hydrocarbon and in micellar solutions.

Addition of muoniuin atoms to vinyl (-C=C-, as
in acrylamide, acrylic acid), carbonyl ( ^ C = O . as
in acetone) and thiocarbonyls (^C=S, as in thioac-
etamide, dimethylthioformarnide, thiourea) in aque-
ous solutions were followed by transverse fidd-/<SR
and LCR. Concentration dependence of LCR ampli-
tudes and linewidths with acrylamide as solute in wa-
ter allowed the observation of radical formation (up to
~1 /is), and the determination of hyperfine parameters
(Table VI). A semi-empirical form was derived to cal-
culate the fraction of muons that end up as radicals
(PR). It was seen that muonated free radicals which

Table VI. Hyperfine parameters for muonatcd radicals in
acrylamide and tliioacetamide in water.

Solutc(Conc) A,,/MHz A;,/MHz

Acrylamide (1.0M) 315.6(5) a = -5<>.l)(5)
ji = +01.0(6)

Tliioacetamide((),75M) 388.6(0) -CII3 = +53.2(4)



form in pure unsaturated organic compounds also oc-
cur in dilute aqueous solutions, where thermalized Mu
is the only possible precursor. For 2 x 10~4M acry-
lamide solution in water the fractional yield PR of the
radical in Eq. (1)

Mu + CII2 = CHCONHo —• (Mu)CH2CHCONH2 (1)

is observed by LCR to be 0.2 (consistent with the muo-
nium yield by //SR). The niuonium radical yield in-
creases with acrylamide concentration until at ~0.2M
it equals 0.38 (see Fig. 68), which, along with the frac-
tion of muons in a diamagnetic environment, accounts
for the entire muon polarization.

Muonium was seen to form the acetone radical as in
Eq. (2) in pure acetone and in mixtures of acetone in
water and in n-hexane

Mu + (CH3)2C = 0 —• (CH3)2COMu (2)

Muonium atom is the precursor in dilute solution and
evidently differs from hydrogen in adding readily to
the carbonyl group. It was also shown that the rate
of formation of the acetone radical observed by LCR
is equal to the rate of decay of Mu by /tSR. Radicals
from thio-compounds (thioacetamide in water) were
observed. Their hyperfine parameters are shown in Ta-
ble VI.

In benzene solutions in n-hexane the muonated cy-
clohexadienyl radical was studied as a function of ben-
zene concentration (Fig. 69). The radic?! was identi-
fied by LCR by observing the proton resonance of the
-CHMu group occurring at 2.059 T. The radical yield
was found to equal the sum of the muomuin atom yield
and the "missing" muon yield in hexane (total 35% of
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Fig. 68. Plot of PR versus [Cone] for (A) acrylamide in
water and (•) benzene in n-hexane.
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Fig. 69. LCR spectra of muonatcd cydolicxadienyl radicals
in hcxane solutions at [CCHO] of (a) 1.0M; (b) II.003M; and
(c) 0.0003M, given as differential asymmetry against lon-
gitudinal field, incident unions). Consequently the com-
plete dispersement of muons in different chemical asso-
ciations is now accounted for in a saturated hydrocar-
bon liquid, and is seen to be similar to that in water
(Fig. 68).

Micelles, which are mimics of biological membranes,
offer the advantage of being simple hiphasal systems
(aqueous headgroups and a hydrocarbon con1). Rad-
ical formation by thermalized Mu addition to acry-
lamide, acetone, benzene, styrcne, thioaeetamide and
allyl benzene were studied in canonic (celyl(CTAB)-
and decyl(DTAB)- triinelhylaminoniunibromidc) and
anionic (sodium octyl sulphate(SOS)) micelles. The
charge on the micelles does not influence tin- products
(where observable). No product was observed in either
cationic or anionic micelles from two solutes acetone
and thioacetamide. It. appears that in carbonyl and
thiocarbonyls the addition reaction is supei-mled by-
abstraction of hydrogen from the methyl group (as in
II atom reactions).

The accomplishments of these studies can be seen
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in the following ways: First of all, muonium has been
shown to be the only isotope of H that can serve as a
handle for H atom reactions in heterogeneous systems
such as organized assemblies of micelles, bilayers and
vesicles (H, D, & T react rapidly with hydrocarbon
chains). Secondly, they offer scope for further exploita-
tion, such as studies on radical formation and decay of
prototypes of altered pathways in membrane-mediated
reactions in living cells. Also, unstable free radicals (for
example the hitherto uninvestigated thiyl systems in
solution) can be studied. Thirdly, radical-radical reac-
tions can be followed with the help of LCR and micelle
enhancements, for example, in observing initiating and
propagating radicals in polymerization reactions (this
is the objective of Expt. 525 that is scheduled to take
first beam in January 1989). Finally, radical yields can
be derived from LCR measurements and that allows for
further exploration of the "missing fraction" in detail.

Results obtained from these experiments will be
published in the following papers: Chem. Phys. Lett.
145, 289 (1988); J. Phys. Chem. (in press); Radiat.
Phys. Chem. (submitted); Chem. Phys. Lett, (to be
submitted).

Experiment 450
/iSR studies of sub- and supercritical fluids
(J.R. Kcmpton, UBC)

The focus of Expt. 450 is to examine materials in the
density region between low pressure vapours (sal atm)
and condensed media. For many years there has been
a discrepancy in the distribution of polarization into
muonium {P\fu) and diamagnetic (PD) environments
and in the relative fractions of the muonium and dia-
magnetic signals (/A/U and //•>, respectively) between
these two density regions. For liquids, the lost (Pi)
and muonium polarizations are typically on the order
of 0.2. The missing fraction in this phase is attributed
to spin exchange of muonium with transient paramag-
netic products (mainly solvated electrons) formed in
the spur in a time range of nanoseconds. For vapours
with a pressure less than 1 atm, a significant fraction
of the initial muon polarization is lost and is attributed
to the residence time in the muonium state during the
slowing-down process being long compared to the time
scale for fi+ depolarization via the hyperfine interac-
tion (\jv — 0.22 ns). As the pressure is increased in
most gases above 1 atm, the missing or lost fraction
goes to zero while the muonium polarization increases.
Some exceptions to this are found in CCU and Xe
which are heavy "spherical" molecules requiring long
thermalization times. In some gases the diamagnetic
fraction will increase with density indicating the pres-
ence of hot atom processes.

Some of the gases studied to date under Expt. 450
are xenon, nitrogen and ethane. The focus of Expt.
385 was the study of the missing fraction in xenon to
6 atm. In Expt. 450 we have extended this study up to
50 atm. We find that the missing fraction is equal to
0.13(3) at 50 atm and is thought to be due to the for-
mation of a MuXe Van der VVaals type of complex. This
may also explain the liquid phase results of Kiefl et al.
[3. Chem. Phys. 74, 308 (1981)]. Secondly, we find that
the diamagnetic fraction increases from zero at. 6 atm
to 0.04 at 50 atm and is suggestive of MuXe complexes
(mentioned above) for periods of time comparable to
the lifetime of the union. In nitrogen we find that the
muonium fraction approaches 1.0 and that the total
polarization decreases in nitrogen as the pressure is in-
creased to 200 atm. This behaviour is suggestive that
the positive muon is reacting with electrons from the
dense track of spurs to produce mtionium. In ethane
the fractions and polarizations must be described as
a function of density since the majority of the experi-
ments were performed slightly above the critical tem-
perature. We find that the total polarization decreases
as a function of density up to «0.45 g/rm'1. Secondly,
we find that the muonium fraction decreases a.s a func-
tion of density, but. the rate of decrease seems to change
near 0.2 g/cm'J (see Fig. 70). Thirdly, we observe that
the distribution of muon polarizations and t.hp? rela-
tive fractions do not change when the temperature is
lowered below the critical temperature for the same
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density. The first two observations are suggestive that
a spur-type process is dominating, but the third is not.
The second and third observations are typical of hot
atom-type process, but the first is not. From this we
conclude that, both spur and hot atom processes are
competing and dominant processes.

Experiment 461
Muon spin rotation studies of diosygen and
ethylene adsorbed on a silica support
(R.F. Marzke, Arizona State)

Previous results, from this experiment and from
its predecessor (Expt. 391), have shown that minute
amounts of molecular oxygen frozen onto the surface
of a very pure, high surface-area («600 m2/g) sil-
ica (SiCK) powder support strongly relax thermalized
muonium at temperatures above 20 K. The dioxygen
concentrations used in this work (ssl-15 parts O2 per
million S1O2) have in fact been at or below the levels
of paramagnetic impurities, such as Fe, present in less
pure silica supports used for many earlier studies of Mu
in powders. The strong Mu scattering arising from sur-
face O2 has been observed in the present work without
interference from impurity scattering, because of the
exceptionally low (parts per billion) concentration of
transition-metal impurities in new support.

The Mu scattering may be attributed to several in-
teractions. Among those most likely to be effective are:
1) magnetic dipolar (for low impact parameter MU-O2
collisions), 2) spin-exchange, involving a quantum- me-
chanical exchange of spin states (only) between Mu and
OT, and 3) chemical reaction, forming the transient
paramagnetic species MuO2- Differentiating between
1) and 2) is not straightforward. However, M11O2 for-
mation should be experimentally distinguishable from
the first two, by means of Mu relaxation rate studies
in longitudinal magnetic fields. These are in progress
and will be discussed in next year's annual report.

In this report we cite three developments for 1988:
1) Role of an He atmosphere in the sample. He gas

accidentally present in the runs of December 1987 was
found during January 1988 studies to be essential to
the establishment of uniform sample surface temper-
atures, especially below 100 K. Use of an He atmo-
sphere strongly affected the uniformity of the surface
distribution of O2 molecules, which in turn affected
the measured Mu relaxation. He itself is not believed
to be capable of either forming or scattering Mu di-
rectly, because of its closed electronic shells and lack
of a nuclear magnetic moment. To assure temperature
equilibration of the S1O2 surface in current studies, an
atmosphere of «3 Torr He at 60 K has been used at
all O2 loadings.

SIO, + 0 ,

10 20 30 40 50 60 70 80 SO 100 110

Temperature (K)

Fig. 71. Rate constant for Mu + O2 on silica as a function
of temperature, December 1987 data 20-80 K. Solid line:
fit to empirical activated, root-T expression.

2) Empirical temperature dependence for December
1987 relaxation rate data. Mu relaxation rates in the
range 20-80 K exhibit a quasilinear dependence upon
temperature. This has been fitted to an expression aris-
ing from a model of Mu motion incorporating two fea-
tures: a) thermal equilibration of Mu with the sample,
resulting in a square- root of temperature rate depen-
dence (as found for gas-phase Oo); b) activation, at a
low energy characterizing the interaction of Mu with
the silica surface. The picture evoked is that of Mu
moving randomly at thermal velocities over the sur-
face, where it encounters well-separated molecules of
O2. As the temperature is raised, Mu is increasingly
found off the surface, with probability governed by a
Boltzmann factor. Fit of the December 1987 data (solid
line in Fig. 71) gives 44 ± 1 K for the activation en-
ergy, in general agreement with estimates by Kiefl el
al. [Hyp. Int. 17-19 (1984) 563]. We conclude that this
experiment will yield reliable measurements of the Mu-
silica surface interaction strength.

3) Off-site studies of O2 adsorption-desorption on
SiO2 and of O2 ESR. O2 has been found to desorb from
the silica surface beginning at approximately 90 K,
with or without an He atmosphere. Desorption is essen-
tially complete at 130 K. Approximately 50% of surface
O2 is desorbed at 114 K. ESR spectra characteristic
of gas-phase O2 at pressures between 1 and 15 Torr
are observed in the range 90-130 K also, in agree-
ment with the desorption findings. From ESR stud-
ies by Russian workers [Sunn et al., Theor. and Exp.
Chemistry (translation) 6 (1970) 287], O2 is expected
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to be paramagnetic on the SiO^ surface below 90 K,
but no ESR lines from it were observed. Magnetic sus-
ceptibility studies to detect this magnetism are to be
undertaken shortly. This work has been done at. Ari-
zona State University, with B.L. Ramakrishna and D.
Wright.

Experiments 469, 494, 520
/i+SR in high temperature superconductors
(J.H. Brewer, UBC)

Since the discovery of high temperature supercon-
ductors (HTSC) in 1986 [Dednorz and Miiller, Z. Phys.
B 64, 189 (1986)] there have been many investigations
of the internal magnetic fields in these materials using
the experimental technique of positive muon spin ro-
tation/relaxation (/iSR). The first applications of //SR
to HTSC were in measurements of the magnetic pen-
etration depth AL in the superconducting (SC) state
[Aeppli et al., Phys. Rev. B 35, 7129 (1987); Uemura et
al., Phys. Rev. Lett. 59, 1045 (1987)]. Soon afterwards,
//SR was found to be a handy tool for detecting weak
magnetic ordering in the antiferromagnetic (AFM)
parent compound LajCud-a [Uemura et al., Physica
C (1988)] and in AFM samples of La2-rSrJCuO4_<

(x< 0.05) [Budnick et al, Phys. Lett. 124A, 103
(1987)]. This capability was then exploited in the dis-
covery [Nishida et al., Jpn. J. Appl. Phys. 26, L280
(1987)] and characterization [Brewer et al., Phys. Rev.
Lett. 60, 1073 (1988)] of AFM order in the oxygen-
deficient compounds YBaoCiisOr (6.0 < x < 6.4),
which in their fully oxygenated state (x = 7.0) are 91 K
superconductors [Chu cl al., Phys. Rev. Lett. 58, 405
(1987)]. The same //SR. methods have more recently
been used [Yang el a/., Phys. Rev. B, Rapid Com-
mun. (in press)] to demonstrate the presence of AFM
order in the "2212" compound Bi2SroYCii2Os+4 - in
which Y3+ has been substituted for the Ca2+ ion in the
well-known 80 K superconductor Bi2Sr2CaCu2Os+i -
and spin glass (SG) order in the analogous compound
Bi2SrYCaCu208+i [Yang, op. cit.].

The seemingly ubiquitous association of IITSC with
magnetic order and the apparent antagonism between
SC and long-range AFM order in compounds with
varying charge carrier concentration would seem to im-
plicate magnetic couplings in the SC pairing mech-
anism [Anderson, Science 235, 1190 (1987); Emery,
Phys. Rev. Lett. 58, 2794 (1987)], but a causal re-
lationship has not yet been demonstrated. Such inter-
pretations should be evaluated cautiously - first be-
cause AFM order often occurs on the insulating side
of a metal-insulator transition and second because at
least one of the new "high"-Tc (30 K) compounds,
Bai_rK.rBi03, shows no sign of magnetic order in its

"nearly SC" phases [Uemura et al., Nature 335, 151
(1988). Several new "classes" of HTSC have been dis-
covered in the past year and each of these is now ruder
study by //SR to determine whether AFM phases can
be produced by doping (to adjust the carrier density).

Such empirical surveys are certainly useful and may
help to resolve the central controversy over whether
magnetic couplings mediate pairing in II ISC, but an
equally important avenue of investigation is to study
the details of the magnetic ordering of YBavCuaOj.
Much has already been learned [Yasuoka ct al., pri-
vate communication (1988)] from zero-field nuclear
quadrupole resonance (ZF-NQR) and antiferromag-
netic nuclear resonance (ZF-AFNR), but these probes
are limited to very low temperatures; neutron scatter-
ing provides information at all temperatures, but can
be difficult without large, homogeneous single crystals
- which have proved extremely difficult to produce in
YBa2Cu3Or.

Much of 1988 has been devoted to //SR mea-
surements of carefully prepared oxygen-deficient
YBavCuaOr samples. One result is an improved (x,7')
phase diagram, in which SC, AFM and coexistent
SC/SG regions are identified. Another is the identifi-
cation of two distinct //+ sites at which the local mag-
netic field strengths in the AFM phase have different
temperature dependence, indicating either asublattice
magnetization that changes its orientation as a func-
tion of T or two independent sublatticcs with different
ordering temperatures.

(i',T) phase diagram of

When YBa2Cii3Oj. orders magnetically, its static lo-
cal moments generate typical fields of several hundred
gauss at the //+ sites. Thus the precession of unions in
a uniform externally applied transverse magnetic field
of ~100 G will be disrupted. This effect allows a sim-
ple quantitative determination of the bulk fraction of
a sample in the ordered state [Brewer cl ai.op. ctl., as
the amplitude of the transverse-field ( IF) //SR preces-
sion signal is proportional to the fraction of (he unions
in paramagnetic regions and the stopping distribution
of the unions performs an indiscriminate volume aver-
age of the material. This method works equally well on
single crystals and randomly oriented powder samples.

Using this technique we have measured the m<>an
magnetic ordering temperature (defined as ('• tem-
perature at which half the sample has ordered) in
a series of YI^CH.-JOJ. samples prepared with vary-
ing oxygen content x as described above. Resistivity
measurements were used to determine the supercon-
ducting transition temperature 7',. [defined by (>{TC) =
0.5 /?(300K)] as a function of J \ Results are shown in
Fig 72. In the region 0.4 < f < 0.5 SC coexists with
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Fig. 72. (x,T) phase diagram for oxygen deficient
YBa2Cu3Ox samples prepared by "hot anneal" meth-
ods. SC denotes the superconducting state and AFM de-
notes medium- or long-range antiferromagnetic order. The
boundary between AFM and nonmagnetic order is defined
by the temperature (Tjy) at which 50% of the sample is
magnetically ordered, as determined by W T F - / J S R ; the
boundary between SC and normal conductors is defined by
the temperature (Tc) at which the resistivity has dropped
to 50% of its room temperature value on its way to zero
at slightly lower T. Circles and crosses denote type 1 hot
annealing; triangles and "x" symbols denote type 2 hot
annealing. Samples with 6.4 < x < 6.5 show simultaneous
SC and short-range magnetic order (spin glass or SG).

SG order growing more long range (i.e., approaching
AFM order) at the lower x values.

Magnetic disorder for x < 6.0

A very high Neel temperature (7^ ~ 350K) accom-
panies a high degree of AFM order in YBa2Cii3Ox sam-
ples with 6.0 < x < 6.25; for 6.4 < x < 6.5 this gives
way to spin glass (SG) order with a low spin-freezing
temperature Tg. This behaviour supports the assump-
tion that the magnetic and superconducting order pa-
rameters in YBa2Cu3Ox are both smooth functions of
the carrier density. For x > 6.0 the carriers are holes;
for x = 6.0 the carrier density is minimum; and for
x < 6.0 we should begin to see an increasing density of
electron charge carriers.

In order to discover the °ffects of negative carri-
ers on the magnetic order, we prepared a sample with
x — 5.982 by prolonged baking in vacuum at high tem-
perature. Care was taken to be sure there was negli-
gible decomposition of the sample in this process; this
was confirmed both by X-ray diffraction and by revers-
ing the process to reproduce a sample with x = 6.062
whose properties were indistinguishable from the orig-
inal.

Our first observation from ZF-/iSR measurements at

room temperature was that magnetic order was still
present at very high temperatures. In fact, the spectra
at room temperature are almost indistinguishable for
x - 5.982 and x = 6.062.

However, when the temperature was lowered a dra-
matic difference was immediately obvious: where the
samples with x > 6.0 show relatively long-lived oscil-
lations at roughly 4 and 18 MHz [Fig. 73(a)], the x =
5.982 sample has at most a very fast-relaxing 10 MHz
signal and no sign of a 4 MHz oscillation [Fig. 73(b)].
There is a long-lived oscillation at 0.23 MHz and a
fast early relaxation indicating large random magnetic
fields.

We conclude that magnetic order quite abruptly
becomes very short range when x falls below 6.0,
even though the magnetic couplings must remain quite
strong.

Magnetic disorder for 6.4 < x < 6.5
For 6.0 < x < 6.4 the magnetic order is AFM and

relatively long range (at least several lattice sites), as
will be discussed in some detail later in this report.
However, for 6.4 ;$ x < 6.5 the order becomes shorter
range with increasing x so that for ;r > 4.5 it is best de-
scribed as SG order. This characterization is borne out
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Fig. 73. (a) ZF-/tSR asymmetry time spectrum from a sam-
ple with x — 6.007 at 4.7 K showing coherent oscillations in
the well defined magnetic fields in the AFM state, (b) ZF-
fiSR asymmetry spectrum from the sample with x = 5.982
at 3.7 K showing magnetic disorder (spin glass or SG state).
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in some detail by a longitudinal field (LF)-/iSR exper-
iment on a sample with x = 6.462. The "decoupling"
effect of the applied field on G « ( 0 fits that expected
for nearly static (rc = 2A5fts) local fields B with a ran-
dom Lorentzian distribution. The early part of GZ2(t)
appears exponential in shape with an initial relaxation
rate of A = 6.6 ^ s " 1 , which also characterizes the lo-
cal field distribution as Lorentzian; the fitted width A
agrees with that determined from the decoupling effect
of LF. We are therefore confident that thin character-
ization (which is equivalent to the assumption of SG
order) is qualitatively and quantitatively correct.

Local fields at muon sites in YE^CusOi

Muons at different lattice sites "see" different lo-
cal magnetic fields. The magnitudes of these fields are
manifest in the muon precession frequencies; even if
the fields are randomly oriented, a /JSR "signal" will be
seen in zero applied field (ZF). Thus a strong /J.SR pre-
cession signal always results from static local magnetic
order even in a powdered antiferromagnetic (AFM)
sample.

In YBa2Cu30 r with 6.0 < x < 6.3 there seem
to be two main sites populated by muons: the well-
known [Nishida et al., op. cit.] "4 MHz site" (fre-
quency fj) and the newiy discovered "18 MHz site"
(frequency I/J) which has never been reported until
now. (Note: 7M/2?r = 13.55 kHz/G; thus 4 MHz corre-
sponds to a local field of 295 G and 18 MHz to 1328 G.)
These sites have distinctly different temperature de-
pendences, which immediately suggests that either the
orientation of the moments of a single sublattice is
changing with temperature (which could produce dif-
ferent effects at different probe sites) or there are at
least two independent sublattices.

A number of samples were measured in the
TRIUMF f/SR dilution refrigerator at 20 mK. This
was motivated by the observation that the optimal
La2_ISr:rCu(Xi_,5 superconductor Lai.gsSro.isCuCU-a
exhibits SG order below about 1 K [Weidinger,
(1988)]. No such magnetic behaviour was observed
in any of our YBa2Cu3Or samples with x > 6.50;
however, it was possible to track the ^-dependence
of the AFM field at the "4 MHz site' at 20 mK for
6.0 < x < 6.40, as shown in Fig. 74 {ZF-fiSR time
spectra) and Fig. 75 (fitted B\oc values. The latter in-
cludes a point for the estimated mean local field from
the SG sample at x = 6.462.

In an oriented powder sai.iple with x ss 6.0 (where
the dispersion of the c axis angle was measured by an
X-ray rocking curve to be about 9°) we were able to
determine the approximate direction of the local field
at the 18 MHz site. When the initial muon polarization
PM(0) is || c the vi signal disappears; for P/,(0) _L c it

x=6.0

x=6.35

x=6.50

0.0 0.5
TIMERS)
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Fig. 74. ZF-/iSR asymmetry time spectra for several
YBasCuaOa: samples with different x, all at a temperature
of 20 mK. Only the signal from the "4 MHz site" is appar-
ent in these fits. The strength of the local fields decreases
steadily with increasing x, but AFM order is still evident at
x = 6.40; by x = 6.50 there is no sign of local spin freezing,
either long-range or short-range. This is in contrast with
the situation for La2-zSrxCuO4_a, which shows SG order
below 1 K even for the optimal superconductor ( i = 0.15).
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Fig. 75. (a) Local magnetic field at the ;i+ in the "4 MHz
site" of YBa2Cu3Ox at 20 mK. The diamond-shaped point
indicates an estimated mean field at the /t+ in the SG or-
dered state, assuming a cutoff field of around 300 — 600 G.
(b) Relaxation rate A of the "4 MHz" signal fitted from the
same data, showing a steady increase of A with x.
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Fig. 76. (a) Muon Larmor frequency v\ due to the local
magnetic field at the /i+ in the "4 MHz site" of an oriented
powder sample of YBa2Cu30e.oo as a function of tempera-
ture, (b) Muon Larmor frequency V2 at the "18 MHz site"
in the same sample. The solid curves through the data are
simple polynomial fits over the ranges indicated between
the vertical dashed lines. Note the "breaks" at 10 K and
80 K.

has a maximum amplitude. Application of an external
field H || c splits t/2 by twice ^^Hjlit, indicating that
the order is definitely AFM.

The difference between ui(T)/vi(Q) and t/2(T)/i/2(Q)
can be seen directly; there is an obvious "break"
(though no discontinuity) at 10 K, and another at 80 K.
The sharp decrease in both v\ and u2 below 10 K is
still a mystery - especially since it was seen only in
this sample!

Above 10 K, our other samples with 6.0 i x £ 6.2
are consistent with the oriented powder sample.

For x = 6.276 the temperature dependence of v\ and
v2 differs significantly from that in the more oxygen-
deficient samples. In particular, there seems to be no
anomaly around 80 K. It may be that one of the sub-
lattices has "dropped out" at this value of x. Note that
i/2 is most strongly affected. This site is thought to be
nearest to the CuC>2 planes.

At higher x values the osci''itions begin to relax too
fast for their frequencies to be measured; indeed, as we
approach the region where TN drops precipitously with
x, the muon relaxation function begins to look more
and more like that characteristic of static but disor-

dered local fields - i.e., a "spin glass" (SG) phase. It is
important to note that the muon can easily distinguish
between true SG order and AFM order with a corre-
lation length of only a few lattice sites, as long as the
coupling is short range (e.g., dipolar). In the x range
where magnetic order coexists with superconductivity
(6.4 < x < 6.5) the ordering definitely approaches the
SG limit.

Several samples were prepared by slowly removing
oxygen at low temperature ("cold anneal"), as opposed
to h'<h temperature deoxygenation followed by gradual
cooling at constant x ("hot anneal"). The cold method
is apt to create gradients of x so that one should not be
surprised to find the true x of cold-annealed samples
to be shifted with respect to the nominal x values.

However, we were not prepared to find grossly dif-
ferent temperature dependences of v\ and v> in cold
vs warm annealed samples - a mere x gradient cannot
easily produce a ̂ {T) plot with an opposite curvature!
We suspect that the difference may lie in the degree of
vacancy ordering in the differently annealed samples.
This might well have dramatic effects on the (putative)
two sublattices.

Summary

• (x,T) phase diagram: //SR provides a handy way
to detect weak magnetic ordering in sintered or
powder samples. When combined with simple re-
sistance measurements on a very carefully pre-
pared set of samples, this has allowed us to gener-
ate a detailed phase diagram in the region where
magnetic order gives way to superconductivity.
We are now prepared to state unequivocally that
"frozen" local moments coexist with superconduc-
tivity in the same samples with x ~ 6.45; how they
affect each other is not yet fully understood.

• Magnetic disorder at high and low x: For 6.0 <
x< 6.4 the observed AFM order is long range
(meaning "at least one or two lattice sites") while
for 6.4<x < 6.5 the magnetic order is both short
range (approaching the spin glass stale) and low
temperature. Just below x = 6.0, on the other
hand, we see spin glass order without a reduction
of the ordering temperature, indicating that the
couplings remain strong but long-range order is
frustrated.

• Muon sites: We have identified two preferred lat-
tice sites for the /x+, both presumably intersti-
tial, at which the local fields are well determined,
namely about 300 G for the "4 MHz site" and
1330+G for the "18 MHz site". There is proba-
bly another site at which the local field is large
but random in both magnitude and direction, and
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possibly a fourth site (seen only in a few samples)
at which the local field is well defined but quite
weak (only about 17 G). Detailed lattice sums as-
suming simple dipolar coupling should eventually
yield the exact locations of these sites and the sizes
and orientations of the moments that generate the
fields.

Sublattice magnetization: Even without knowl-
edge of the muon sites, we may infer from the x-
and J'-dependence of the local fields at the muons
that there are at least two independent sublattices
whose magnetizations depend dilTerently upon T
and x.

Sample dependence: Surprisingly, not only the
amplitudes and relaxation rates of the two signals
but also their frequencies (u\ and v-i) vary with the
method of preparation of samples with nominally
similar oxygen content. This may reflect vacancy
ordering on the oxygen-deficient sublattice.

Experiment 511
Chemistry of pionic hydrogen
(D.F. Measday, UBC; M. Harslon, Surrey)

When a ir~ is stopped in a hydrogenous material,
only a small proportion of the pions are absorbed on
the proton. Most are captured directly or transferred
to the other elements. The details of these atomic and
chemical effects are far from understood, but several
overall patterns can be observed by using a variety of
chemicals of similar character. The measurements are
useful information for ft~ stopping experiments but the
really important application is to muon catalyzed fu-
sion in which similar reactions occur.

We have continued our studies of pions stopping in
mixtures of Ha and DT. Typically the pion is stopped in
a gas target at a pressure of 100 atm. We experienced
a lot of trouble in obtaining uniformly mixed gas of
known composition, but finally a complex protocol was
established. We have also found that the glue used for
plastic scintillators is weakened by the high pressure
hydrogen. These difficulties have been overcome and
we have obtained consistent data observing that the
7T~ can be transferred with about 30% probability from
the 7r~p atom to a deuteron. Figure 77 illustrates the
transfer probability as a function of the relative molar
concentration of deuterium to hydrogen (protium).

Closely related to this gas work we have studied sim-
ilar effects in mixtures of H2O and and D-2O. Of course
these liquids quickly equilibrate, so the actual composi-
tion becomes closer to HDO. We observe a very similar
effect to that seen with the gas mixtures. Transfer is
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Fig. 77. Transfer probability for ir~ in mixtures of H2 and
D2- The open circles are for gases and the full circles for
water and heavy water.

observed at a comparable level. This work agrees with,
but is much more precise than, earlier Russian work.

We have continued our work on long chain molecules
to see whether a heavy atom, or group, affects the
picn capture probability on hydrogen. The effects are
not as complex as those seen on anhydrides, but it is
clear that capture is affected by the environment. Thus
for alcohols, i.e. CH3(CJI2)nCOOH, and bromoalkancs,
i.e. CH3(Cll2)riCH2ftr, it ' s clear that hydrogen near
the COOH or Br is less likely to pick up the TT~ . How-
ever, this extra group does not extend its influence very
far (only one, or at most two, carbon atoms along the
chain), whereas for the anhydrides, the strongly elec-
tronegative C2O3 group seems to reduce the capture
probability in hydrogen over a significant range (sev-
eral carbon atoms). These results are being prepared
for publication.

A longstanding debate has raged over pionic transfer
in various environments. In gases the Russian group es-
tablished the effect and we have confirmed it, even for
similar gases like hydrogen and deuterium. In liquid
some questions have been raised about previous ob-
servations. In particular, for a mixture of liquids it is
not clear how many pions might be capturing on each
of the components or'the mixture. We found that this
could be tagged by the use of z mesic X-rays. Thus
as liquids we chose broniodecanc and carbon tetra-
chloride. The bromodecane was chosen because it has
plenty of hydrogen, and the bromine labels it. Car-
bon tetrachloride was chosen as it has no hydrogen,
another element for a label, and it mixes freely with
bromodecane. Using the number of bromine X-rays as
a normalization, we discovered that the number of ir°
7-rays fell precipitously as the concentration of carbon
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Fig. 78. The ratio of ;r0 7-rays to bromine X-rays plotted
against the concentration of carbon tctrachloridc in a mix-
ture with bromodecanc.

tet) achloride was increased. This was the first incontro-
ve ibie observation of external transfer in liquids (see
Fij,. 78). These measurements have been repeated us-
ing bromodecane and trichlorotrifluorethane and simi-
lar effects were observed. Several manuscripts are being
prepared for publication.

Experiment 539
The effect of conduction nloctrons on the diffusion
of light intorstitials
(R. Kadono. Tokyo; R.F. Kicfl, TRIVMF)

The goal of this experiment is to test current theories
the diffusion of light interstitials, in which conduction
electrons play a crucial role in limiting the quantum
tunnelling at low temperature. Near the end of the
year Expt. 539 received its first 12 shifts. The primary
result from this run was to make the first observation
of inuonium diffusion in a:i insulator, where there are
no conduction electrons to impede the diffusion.

The diffusion of light interstitials at low tempera-
ture has attracted wide interest because of the intrin-
sic quantum mechanical nature of the transport mech-
anism. The theory of the diffusion of a light intersti-
tial with its attendant lattice distortion should follow
from the theory of small-polaron diffusion [Holstein,
Ann. Phys. 8, 313 (1959); Flynn and Stoneham, Phys.
Rev. B 1, 3966 (1970)]. At high temperatures the trans-
port mechanism for small polarons is phonon-assisted
tunnelling, which is a stochastic thermally activated
process. One of the most interesting consequences of

small-polaron theory is the prediction of a minimum in
the hop rate at a temperature T*. Below this temper-
ature the mobility increases with decreasing tempera-
ture due to coherent hopping, a process in which the
particle tunnels to a neighbouring site without change
in the phonon occupation numbers. At still iower tem-
peratures the hopping picture becomes inappropriate
as the particle becomes delocalized. It was pointed out
later that the coherent hopping rate would be limited
by quadratic terms in the particle-lattice potential [Ka-
gan and Klinger, J. Phys. C 7, 2791 (1974)]. Inclusion
of these terms leads to a reduction of T' and a diffu-
sion constant which follows an inverse power law T~a,
where a is some large number (as large as 9 for a per-
fect fee lattice) [Kagan and Klinger, op. cit.; Petzinger,
Phys. Rev. B 26, 6530 (1982)].

The positive muon has a mass only l/9 t h that of a
proton and is therefore ideal for testing quantum the-
ories of diffusion. Measurements of muon diffusion in
copper [Clawson et al., Phys. Rev. Lett. 51, 114 (1983);
Kadono et al., Phys. Lett. 109A, 61 (1985); Kadono et
al., Hyp. Int. 31, 205 (1986); Luke, Ph.D. thesis, UBC
(1988)] and aluminum [Hartmann ei al., Phys. Rev. B
37, 4425 (1988)] have confirmed that there is a mini-
mum of the hopping rate at around 50 K for Cu and 5 K
for Al, but a was measured to be only 0.6~0.7 [Kadono
et al., op. cit.; Hartmann et al., op. cit.]. A similar
exponent has been observed for hydrogen tunnelling
around substitutional oxygen in Nb [Stcinbinder et al.,
Europhys. Lett. 6, 535 (1988)]. Recently, Kondo [Phys-
ica 125B, 279 (1984); ibid. 126B, 377 (1984); Hyp.
Int. 31, 117 (1986)] and Yamada [Prog. Theor. Phys.
72, 195 (1984); Yamada et al., ibid. 73, 1342 (1985)]
independently showed that, as a consequence of An-
derson's orthogonality theorem [Phys. Rev. 164, 352
(1967)], the conduction electrons in a metal serve to
reduce the tunnelling matrix for a charged interstitial
and to weaken the temperature dependence of the dif-
fusion rate so that 0 < a < 1.

In the present work the muonium diffusion (hopping)
rate in KCI was determined from the longitudinal spin
relaxation under the presence of nuclear hyperfine in-
teraction. The essential point, is that the fluctuating
nuclear hyperfine field on the electron causes electron
spin relaxation which in turn depolarizes the muon spin
through the muon hyperfine interaction. Such iiuon
spin relaxation in a longitudinal field is more sensitive
to diffusion than are linewidth measurements in trans-
verse field, although the latter are essential to unam-
biguously identify the relaxation mechanism.

The average muon relaxation rates and fitted muo-
nium hop rate are shown in Figs. 79(a) and 79(b), re-
spectively. The weak field dependence in the relaxation
below 20 K and the slight downturn in the relaxation
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Fig. 79. Temperature dependence of (a) the average muon
relaxation rate at 50 and 150 mT, (b) the extracted mno
nium hop rate.

rate at 50 mT are consequences of a 7\ -minimum effect,
often encountered in magnetic resonance experiments.
In the present case the 7j minimum in the 50 mT data
occurs at a temperature of 20 K where the average hop
rate is equal to 2in>+ where i/+ is the muonium tran-
sition frequency corresponding to a flip of the muon
spin with the electron spin aligned with the longitudi-
nal field. This feature in the data provides an absolute
calibration of the hop rate at this temperature. Thus,

although the relaxation rate below 20 K is decreasing
or levelling off, the hop rate is monotonically increas-
ing. From Fig. 79(b) it is clear that the hop rate in-
creases by almost three orders of magnitude between
70 K and 5 K and that the muonium is moving con-
siderably faster at 5 K than at room temperature. The
curve in Fig. 79(b) is a fit to the function:

v — t/i exp(-Ea/kT) + JLX

over the temperature range 10~250 K with parame-
ters vx = 8.2(8) x 109s-', EJk = 388(12) K, u2 =
1.3(6) x 106s~\ a = 3.3(1). A Debye temperature
(QD) of 231 K was assumed. The activation energy is
smaller than that reported for atomic hydrogen in KC1
(2300 K [Ikeya et al., Solid State Commun. 27, 891
(1978)]). Since the zero point energy for muonium is
about three times that of hydrogen one would expect
a reduced barrier for muonium. However, if phonon-
assisted tunnelling dominates the muonium diffusion
at high temperatures, as indicated by the observed
minimum in the hop rate at T' = 70 K, Ea reflects
the lattice relaxation energy rather than the potential
barrier between sites. It is interesting that the second
term in Eq. (1) is completely absent for the heavier
hydrogen atom, which is immobile below about 120 K
[Ikeya et al., op. at]. The observed T* and a are com-
patible with numerical calculations of the temperature
dependence of the correlation time using typical pa-
rameters (see Fig. 4,5 in Petzinger, op cit.). However,
it should be noted that the observed a must be consid-
ered a lower limit for an ideal crystal since strain fields
from crystal imperfections are expected to limit the
low temperature diffusion by producing a potential en-
ergy difference between sites on the order of the small-
polaron band width [Sugimotc, J. Phys. Soc. Jap. 55,
1687 (1986)]. The observed levelling off of the hop rate
below 10 K might be due to such strain fields.
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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: II.W. Fearing (group leader), B.K. Jennings, J.N.
Ng and R.M. Woloshyn. In addition we have a number
of research associates and long-term visitors. This year
our research associates have been P. Blunden (to July),
M. Butler, T. DTapeT, C. Geng, E.3. Kim, N. Mobed
(from October), S. Nozawa (from October), B. Pearce
(from December) and R. Wittman (to August). Our
long-term visitors have been D. Boal (to August), M.J.
Iqbal, X.D. Jiang, G.A. Miller (from September), J.A.
Niskanen (jointly with UBC), I. Towner (from Septem-
ber) and L. Whitmore (Co-op student, from Septem-
ber). Four graduate students, J. Congleton, S. Fortin,
G. Oullette and G. Pari, are being supervised by The-
ory Group members.

In addition to their research activities the theo-
rists have taken an active part in laboratory com-
mittees including: the Long-Range Planning Commit-
tee (B.K. Jennings), the Computer Facilities at TRI-
UMF (CFAT) Committee (B.K. Jennings and R.M.
Woloshyn), the Rare Decay Symposium Organizing
Committee (J.N. Ng), the Few-Body Xll Organizing
Committee (II.VV. Fearing and B.K. Jennings) and the
Senior Promotions Committee (II.W. Fearing). The
Theory Group has also participated in the organization
of the TRIUMF seminar program. This, and the sum-
mer theoretical visitors program, has brought a large
number of visiting theorists to TRIUMF. Visitors this
year include:

N. Auerbach
G. Belanger
V. Bernard
M. Bolsterli
R. Clack
F. Close
E. Cooper
G. Couture
R. Davidson
J. de Swart

VV. DickhoflT
J. Eisenberg
Ch. Elster
J. Engel
S. Estreicher
R. Fiebig
A. Gal
S. Gurvitz
A. Hayes
II. H of man n

G. Hou
A. Kurbatov
II.C. Lee
J. Liu
E. Lomon
M. MacFarlane
M. Marcu
O. Maxwell
U. Meissner
M. Moravcsik
K. Nakano

J. Piekarewicz
C. Pethick
A. Rinat
W. Roberts
R. Rockmore
F. Scheck
M. Stingl
H. Toki
J. Vergados

F. Wang
G. West

As usual, the Theory Group has been very active and
below we describe briefly some of the specific research
projects undertaken during the year.

Nuc lea r s t r u c t u r e

Relativistic, chirally invariant field theory of nuclei
(G.A. Miller, Univ. of Washington/TRIUMF; H. Jung.
Univ. of Washington)

Treating nuclei with relativistic field theories of in-
teracting nucleons and mesons has becorie a popu-
lar subject in recent times. At low-momentum transfer
QCD, may lead to such theories. However, the current
treatments largely ignore the influence of chiral sym-
metry and as a result underestimate the importance of
pionic exchanges. We are using the <7-model and other
chiral meson-nucleon (and A) field theories to compute
nuclear properties. In these calculations the pionic ring
series accounts for most of the attraction. Effects of the
a are not important. We have shown that the model
leads to nuclear saturation at the observed energy and
density. The computed value of the incompressibility
is also in good agreement with experiment. Some of
the undesirable features of other treatments have been
eliminated.

Extension of the semi-classical mean field approach
to mesonic field theory
(E.J. Kim; V. Gillet, Saclay)

Using a discretized representation of the relativistic
meson fields, Walecka's semi-classical mean field ap-
proach to the nuclear mesonic field theory can be ex-
tended. We expand the nucleon field in a discretized
wave-packet basis, and do the same for the semi-
classical meson fields, which are solutions of the Klein-
Gordon equation with source. The Dirac equation be-
comes an eigenvalue problem which can be solved by
diagonalization, whereas the Klein-Gordon equation
can be solved directly by matrix inversion. We can thus
transform the original set of coupled differential field
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equations into a linear problem, which is much simpler
to solve.

In addition to simplifying the methods of solution,
we can achieve antisyinmetrization of the nucleons,
thus overcoming one of the weaknesses of the semi-
classical approach. Also, since our discretized bases are
angular momentum eigenstates, we can easily extend
the mean field approach to include deformed nuclei.

After studying the convergence of the secular prob-
lem, we will be looking at, the modifications of the re-
sults of the semi-classical mean field theory which need
to be made in order to accommodate the Pauli princi-
ple.

Corrections to superallowed Fermi /J-decay
and the determination of Vud

(I.S. Towner; J.C. Hardy, C'RNL)

Experimental data (Q-values, lifetimes and branch-
ing ratios) on the eight examples of superallowed Fermi
0-dccaym nuc)e\ ( H 0 , '-'6AJ, MC\, 3sK, 42Sc, 4fiV, 50Mn
and 54Co) measured with precision are being surveyed
and minor adjustments made to reflect changes in mass
standards. The data are also subjected to two theo-
retical corrections, radiative and Coulomb corrections,
the latter coming from a model-dependent, calculation
of charge-symmetry breaking effects in the nucleus.
The corrected ft values for all eight decays should be
equal if the conserved vector current. (CVC) hypoth-
esis is valid. The data satisfy this test to a few parts
in 105. By comparing this result with //-decay leads to
a value Vud = 0.9740±0.0009 for the leading element
in Kobayashi-Maskawa mixing matrix. On taking the
recommended values [Particle Data Group, Phys. Lett.
B204, 1 (1988)] for Vu, and V'ut, the unitarity test on
the first row of the KM matrix reads

Vud Vu. Vuh |
2= 0.9970±0.0020 ,

tantalisingly close to the expected value 1 for three-
generation unitarity. The error mainly derives from the
quoted error in Vu<i, which in turn comes from a the-
oretical uncertainty in the calculated radiative correc-
tion.

Proton-induced reactions and scattering

Relativistic approaches to nuclear reactions:
Radiative muon capture
(H.W. Fearing; G.E. Walker, Indiana)

One of the more interesting new approaches to rel-
ativistic effects in nuclear reactions has been the rela-
tivistic mean field theory approach, (n such theories
nucleons are assumed to be governed by the Dirac
equation in the presence of strong scalar and vector

mean fields generated by the other nucleons anil a.s a
consequence develop an effective mass, in" < in. Al-
though there are other possible explanations this ap-
proach has been applied with some success, particu-
larly with regard to spin observables, to a variety of
medium-energy elastic and inelastic reactions.

It is thus interesting to explore other processes which
might be sensitive to these m" effects. We have there-
fore looked at, radiative union capture (RMC) which
had not been examined in this context before. Current
data suggest a puzzle, as the extracted value of tin-
induced pseudoscalar v-oak coupling C!p is reduced in
heavier nuclei. One expects sensitivity to m" effects be-
cause in" appears in the numerator of the expression
for Gp and also in the various important relativistie
corrections proportional to p/m.

As a first step we have calculated RMC for infinite
nuclear matter using the mean field approximation and
a relativistic Fermi gas for the nuclear stales. The effec-
tive mass suppresses UK rate at the high-energy end
of the photon spectrum and thus provides a qualita-
tive explanation for the observed quenching of dp in
heavier nuclei. Equally interesting are effects of Fermi
motion near the low-energy end of the spectrum which
are incorporated exactly due to the relativistic nature
of the calculation. Thus, unlike in the usual nonrela-
tivistic calculation where such terms are dropped, we
see the infrared divergence and the strong dependence
on the Fermi momentum. In fact these terms dominate
both rate and asymmetry in the region below 20 MeV
photons and even produce a small effect, in ihe exper-
imentally measurable high-energy region. This work
has now been submitted for publication [Fearing and
Walker, TRI-PP-88 81].

To extend this calculation we need to look at finite
nuclei. This is a much more complicated calculation
as now the effective mass depends on position, reflect-
ing the finite extent of the mean fields. This introduces
momentum dependence in the interaction and thus ad-
ditional gauge terms which must bo considered. It will
be interesting, however, to see if the quenching of (!/>
carries over with the proper A dependence required to
quantitatively explain the data.

Few-nucleon processes

Difficulties with the off-shell extension of the
Love-Franey NN interaction
(II. IV. Fearing; M. Afacfarlaiw, Indiana)

The Love-Franey (LF) [Franey and Love, Phys. Rev.
C 31, 488 (1985)] effective nucleon-nucleon interaction
is a phenomenological fit to the on-shell '/'-matrix and
as such does not, provide any theoretical basis for an
off-shell extension. However, because of its simple form

72



it has been widely used as an effective interaction both
on and off shell. Macfarlane and Redish [Phys. Rev.
C 37, 2'2'ia (1988)] showed, however, that such an ap-
proach violates off-shell unitarity, by sometimes large
amounts. Left open was the question of whether this
had practical significance in the usual types of calcu-
lations.

As a test of this question we have used this off-shell
extension in calculations of the cross section and asym-
metry in proton-proton bremsstrahlung. New data ex-
ist [Kitching et «/., Phys. Rev. Lett. 57, 2363 (1986)]
and are well described by our previous calculations us-
ing the Bonn or Paris potential [Workman and Fear-
ing, Phys. Rev. C 34, 780 (1986); Fearing, Nucl. Phys.
A463, 95 (1987)]. Since violation of unitarity affects
the phases of the off-shell amplitudes and since partic-
ularly the asymmetry should be sensitive to interfer-
ence phases, one might expect that this would provide
a test of the practical consequences of using the LF
off-shell extensions.

We found noticeable, and sometimes sizable, effects.
However, in the kinematic range of the existing ex-
periments, off shell by ±2 fin"1, the effects were not
large enough to unequivocally rule out the use of these
nonunitarity LF off-shell extensions. It remains to see
if some experimentally accessible region can be found
where the such effects are large enough to rule out the
use of this approach.

Spin correlations in muon capture in 3He
(II. W. Fearing, J. Congleton)

Muon capture in a light nucleus Mich as 3IIe provides
the ideal melding of weak interaction/particle physics
and nuclear physics. The nucleus is simple enough that
one may be able to calculate the main contributions
sufficiently precisely so as to learn about such addi-
tional things as exchange currents or perhaps even
manifestations of short-distance behaviour, quark and
gluon effects, or more exotic contributions.

The problem is attracting renewed interest because
of a series of modern developments which now may
make possible much better calculations. In particular
there now exist very accurate bound and continuum
states for the three-body system obtained from elab-
orate Faddeev calculations. There is also an increas-
ing awareness of the importance of spin correlations in
interpreting reaction mechanisms. This has motivated
recent proposals to measure the rate and spin correla-
tions to both bound and unbound final states.

Thus the aim is to use the best available wave func-
tions and interaction in a consistent calculation of the
reactions /x+3He —* u+t, v+n+d, and u+n+n+p. In each
case the rate and all measurable spin correlations will
be examined. At the second level exchange currents

will be included and an effort made to find kinematic
conditions which are particularly sensitive to such cur-
rents. Finally we want to examine sensitivity to any
other short-range or exotic effects.

Relativistic two-body propagators
(E.D. Cooper, Surrey; B.K. Jennings)

One of the traditional tests of relativistic two-body
propagators is whether or not they have the correct
one-body limit as one of the masses becomes large.
In fact few of the frequently used two-body propa-
gators have this property. There is also disagreement
on the extent to which this was important for equal-
mass particles. One of the first propagators to have
the correct one-body limit was proposed by Gross but
it treated the two particles asymmetrically. Recently
we have discovered how to construct a large class of
propagators which have the correct limit as the mass
of one of the particles becomes large. In the process we
have: also constructed propagators which agree with the
commonly used ones such as the Clankenbecler-Sugar
or Thompson propagator for equal-mass particles but
have the correct one-body limit as the mass of either
of the two particles becomes large. Thus the one-body
limit puts only very weak constraints on the choice of
propagator for equal mass particles. It does, however,
rule out the Gross propagator which can only get the
correct one-body limit for one of the particles becoming
heavy but not for the other particle becoming heavy.

Meson physics

Few-body kaon reactions - Kp — Y-y
(H.W. Fearing; R.L. Workman, Virginia Polytechnic)

The exciting possibility of a TRIUMF KAON fac-
tory has been the motivation over the past couple of
years to look at some very interesting physics which
can be done with kaons. The at-rest radiative capture
reactions Kp —> A7 or Hf are particularly interesting
for the information they may give about the poorly un-
derstood A(1405). As described to some extent in last
year's Annual Report, we have thus evaluated these
processes, carefully incorporating gauge in variance and
many different s, t, and u channel resonances and con-
sidering both PS and PV coupling at the kaon-baryon
vertices. Fortunately the various couplings are either
small or well known and i 'ie results can be summa-
rized for each of the reactions by a single parameter
related to the couplings of the A(1405). Using the non-
relativistic quark model (NRQM) to relate couplings
for A and £ we predict that, unlike previous calcula-
tions, the rates satisfy £y > Ay. This seems to be
the result emerging from the . w BNL experiment



[Mclntyre ei ai, Proc. of the 3rd Conf. on Intersec-
tions between Particle and Nuclear Physics, Rockport,
Maine, AIP Conf. Proc. 176 (AIP, New York, 1988),
p. 673] measuring these reactions. The two alternative
approaches, using the NRQM [Darewych ei a/., Phys.
Rev. D 32, 1765 (1985)] and the cloudy bag model
(CBM) [Zhong el a/., Phys. Lett. B171, 471 (1986)],
originally got A7 > £7, though after correcting an er-
ror the authors of the CBM calculation now can also
get £7 > A7. This part of our work has now been pub-
lished [Workman and Fearing, Phys. Rev. D 37, 3117
(1988); Fearing and Workman, Proc. of the 3 rd Conf.
on Intersections Between Particle and Nuclear Physics,
AIP Conf. Proc. 176 (AIP, New York, 1988), p. 677].

A new degree of freedom is introduced by consid-
ering the in-flight capture. We can show that the an-
gular distribution and energy dependence near thresh-
old arising from the particular diagrams used in the
NRQM is quite different from that of our full calcu-
lation, thus perhaps providing a way of distinguishing
the two approaches. As the energy increases othnr res-
onances enter, and we need further work to see if the
situation can be simplified sufficiently that it becomes
a new way of learning about these resonances.

Few-body kaon reactions - Kd
(H.W. Fearing; R.L. Workman, Virginia Polytechnic)

Low energy A-n interactions can be investigated by
extending the above Kp calculation to the reaction
Kd —• \ny. Complications which must be considered
are the extra channels introduced by the possibility
of E —» A conversion, momentum-dependent terms in
the interaction required by the Fermi momentum in
the initial deuteron, and sensitivities to the various
uncertainties in the wave functions and other ingre-
dients. We find that all of these ingredients except the
A-n scattering length affect the magnitude but not the
shape of the photon spectrum near the endpoint. The
new BNL experiment [Mclntyre el a/., Proc. of the 3 r a

Conf. on Intersections between Particle and Nuclear
Physics, AIP Conf. Proc. 176 (AIP, New York, 1988),p.
673] uses our results to interpret their data and finds
clear evidence for a nonzero scattering length, though
to resolve fine details one will ne d much better ex-
periments. This work has been recently submitted for
publication [Workman and Fearing, TRI-PP-88-78].

Pion-nucleon .s-wave scattering in the Skyrine
model
(1<.K. Jennings; O.V. Maxwell, Florida International)

Despite the .success of the Skyrrnc model in describ-
ing higher partial waves in pion-nucleon scattering the
low partial waves have remained a problem. In par-

ticular, the s-wave are typically terrible in most cal-
culations with even the sign of phase shift wrong on
S31 partial wave. This problem cannot be due to the
Skyrme model itself but rather due to approximations
in calculating with it, since the scattering lengths are
given by the partially conserved axial current (PCAC)
hypothesis which the Skyrme mode! satisfies. We have
used two methods of including the fluctuations needed
to do the scattering in the Skyrme model and have
done the projection of the Hedgehog A nsatz onto states
of good spin and isospin, keeping contributions with
time derivatives on the rotation matrices used in the
projection. The time derivatives turn out to be very
important in getting the soft-pion theorems correct.
One of the prescriptions used for including the fluc-
tuations gives the soft-pion theorems explicitly, but in
spite of this it does a rather poor job of describing the
low-energy s-wave phase shifts. The other approach in
which the soft-pion theorems are not explicitly obeyed
gives a reasonable, not perfect but reasonable, descrip-
tion of the low-energy s-wave phase shifts. In fact the
Sll partial wave which is very hard to fit in the cloudy
bag model comes out surprisingly well. The reason for
the differences between the two approaches is not un-
derstood and work in continuing on this problem.

Meson-baryon scattering in the SU(3) Skyrine
model (G. Pan, UB(J; U.K. Jennings)

An attempt, is being made to extend the work on s-
wave meson-nucleon scattering from the nonstrange to
the strange sector. This turns out to be very nontrivial
for a variety of reasons. First, many useful properties
of the SU(2) matrices are not satisfied by the SU(3)
matrices. This restricts, for example, the choice of the
unitary matrices used in writing down the Skyrme La-
grangian. Also the commutation and anticoinmutation
rules are more complicated. In spite of these difficulties
progress has been made with the help of the computer
algebra program SMP. For this problem a computer
algebra program turns out to be indispensable.

Meson-baryon scattering in the cloudy bag model
(B.K. Jennings, L. Whitmore)

Considerable effort has gone into describing various
meson-baryon scattering cross sections in the cloudy
bag model (CBM) over the last several years. In par-
ticular we now have a reasonable description of low-
energy .s-wave pion-nucleon scattering. However, all
the refinements incorporated into the pion-nucleon
problem have not born included in the strange sector.
We arc currently working on extending the description
of antikaon-nucleon scattering to include these refine-
ments. It. is expected we will get an improved descrip-



tion of the A(1405) resonance (as an antikaon-nucleon
bound state) once these refinements are incorporated.

T absorption on a nucleon pair
(J.A. Niskanrn, TRIVMF-VBC)

The interaction of pions with the lightest real nuclei
3He and ''He is of fundamental importance as the sim-
plest showcase of its kind. This avoids some of the nu-
clear structure complications, while still retaining the
essential feature of the 7r-nuclear physics. For example,
the 3He wave function is supposedly reasonably well
known from microscopic Faddeev calculations. Then
one can use the two-body correlations to study the ap-
plicability of the quasi x+d —> pp reaction mechanism
in this simplest nuclear medium. Based on an earlier
work on this reaction [Niskanen and Thomas, Phys.
Lett. B196, 299 (1987)] the polarization of the out-
coming protons Ay is calculated for ir+ absorption on
two nuclcons in 3IIe and 4He using a variety of nucleon
correlation functions. There is a strong dependence on
the correlation and, i.i particular, the polarization dif-
fers from that in the absorption n+d —• pp. This work
serves as the theoretical basis and starting point of
Expt. 445, attempting to see this effect in w absorp-
tion.

An extension of this work is a study of TT~ absorption
on a diproton, which has a completely different isospin
structure.

Threshold photoproduction of neutral pious
(I.S. Toivner)

Pion photoproduction amplitudes at threshold are
fundamental quantities of s-wave pion-nucleon physics.
Low-energy theorems for soft photons and pions to-
gether with the PCAC hypothesis allow the pion pho-
toproduction amplitude to be expressed in terms of
the pion-nucleon coupling constant and static proper-
ties of the nuclcon. Charged-pion amplitudes are pre-
dicted up to first order in m^/M (ratio of pion-to-
nucleon mass), and the corresponding experimental
results are in good agreement with low-energy the-
orems. For neutral-pion photoproduction, low-energy
theorems show the s-wave amplitude vanishes in order
(mT/M) but contributes in order (in^/M)-, having a
value EQ+(yp —>• pir°) = —2.4 x 1Q~3/;H,T (these units
will be used throughout the text). Prior to 198G this
prediction was in agreement too with the accepted ex-
perimental result.

Recent data from Saclay and Mainz alter the pic-
ture. Saclay [Mazzucato et at., Phys. Rev. Lett. 57,
3144 (1986)] find Eo+ = -0.5±0.3 and Mainz (prelim-
inary value, 1988, not yet corrected for rescattering)
confirm the small value with a result Eo+ = —0.2±0.1.

The s-wave amplitude is obtained by fitting the dif-
ferential cross section measured at a number of pho-
ton energies up to 10 MeV above the threshold with
a formula A + BcosO + Ccos2 0 where 0 is the e.m.
scattering and A,B,C are coefficients depending on
the s wave and the two p-wave amplitudes Mj+ and
M,-. Saclay find M1+ = (8.0±0.3)gfc x I ( r 3 /m 3 and
Mi- = (-2.0±1.5)gJfc x 10~3/m3, where q and k are
the pion and photon cm. momenta. Calculations from
the Born graphs (which agree with low-energy theo-
rems for s-wave amplitudes) predict Mt+ = Z.Zqk and
Mj- = — GAqk in the same units. However, there are
significant contributions to the p-wave amplitudes from
A(isobar) graphs.

We are currently calculating the corrections to
Born approximation from graphs involving isobars and
heavy mesons (p,u>, aj). These corrections are small
and of the wrong sign for the .s-wave amplitude. We
find 2?o+ increases from —2.4 to —2.7. Rescattering
graphs are under consideration. The p-wave amplitudes
are very sensitive to the treatment of the isobar cou-
plings and propagator when the A is off its mass shell.
This also is being investigated.

Quantum corrections to electroweak form factors
in the Skyrmo model
(N. Mobed; H.X. He, F.C. Khonno, Alberta-TIiWMF)

It is known that nucleon-A mass splitting in the
Skyrme model is due to quantum corrections of
0{\/Nc)- These corrections are sizable, ~30% of the
classical Skyrmion mass. We investigated the quanti-
tative importance of the quantum corrections to elec-
troweak form factors of the nucleon and A. In calcu-
lating quantities of 0{\/Nc) one encountersd ambi-
guity in ordering the operators. The requirement of
hcrmiticity does not fix the ordering prblem. A num-
ber of "reasonable" orderings were considered. We find
that in contrast with the quantum corrections to the
Skyrmion mass, corrections to electroweak form factors
are negligible, ~ l - 3 % .

Yukawa interaction in the Skyrme model
(N. Mobed; X. Zhu, F.C. Khanna, Albcrla-TRIUMF)

One of the conspicuous shortcomings of the Skyrme
model is lack of the Yukawa coupling term in the
"naive" pion-Skyrmion Lagrangian. This has far-
reaching consequences such as absence of a picn-
nuclcon resonance in the /J

33 channel (i.e. A resonance)
and one-pion-exchange contribution to nuclear force.
We derive a Yukawa coupling term by carrying out a
constrained quantization of the pion-Skyrmion Hamil-
tonian and taking into account nonleading contribu-
tions to axial-vector current. In order to examine the



quantitative importance of this term we calculate pio-
nic decay width of the A in the plane-wave approxima-
tion. We find a value of T ~ 210 MeV. Using scattering
waves instead of plane waves is expected to reduce the
width.

A dynamical model of pion photoproduction on
nucleon in A-region
(B. Blankleider, P.'I; T.-S.II. Lee, ANL; S. Nozawa)

Pion production by photons and/or electrons on a
nucleon is attractive in the sense that it is the simplest
reaction to explore the A —• N-y transition amplitudes.
On the other hand, this reaction is sensitive not only to
the A-resonance diagram but also to (so-called) back-
ground diagrams. It is also important to take into ac-
count final-state interactions (FSI) between pion and
nucleon. Therefore, it is a challenging subject to de-
termine the A./V7 couplings by detailed studies of pioji
photo- (or electro-) production reactions.

We propose a model of pion photoproduction which
includes FSI in a dynamical way. We solve coupled
channel (Lippmann-Schwinger) equations of irN and
7 TV systems. The model is unitary as well as gauge
invariant. (A manuscript for details is in preparation.)

In the A-resonance energy region, our model can
reproduce experimental difTerential cross-section data
fairly well apart from backward angles. We find that
FSI is important to describe the differential cross sec-
tions. Since the ANy coupling constants (GAf and
GE) are sensitive to Ml and E2 multipole ampli-
tudes, we determine those coupling constants by fit-
ting experimental multipole data. We obtained GM(Q)
= 2.80 and GE{0) = 0.05. This gives the ratio E2/M1
= -GB(0)/GM(0) = -1.8%. This number should be
compared with other analyses El/Ml - (+3.7±0.4)%
[Tanabe and Obta, Phys. Rev. C 31, 1876 (1985)), -4%
[Yan, J. Phys. G i l , L205 (1985)] and (-1.5 ±0.2)%
[Wittman et ai, Phys. Lett. 143B, 336 (1984)}.

We have studied the effect of FSI using a few differ-
ent FSI models of P33 partial wave which are phase-
shift equivalent. It is noted that the above-mentioned
numbers for GM and GE are rather model independent
of the off-shell behaviour.

Electron scattering

Polarized lepton deep-inelastic scattering from
few-nucleon targets (R.M. Woloshyn)

The structure functions for deep-inelastic scatter-
ing of polarized leptons from polarized few-nucleon
targets (nucleon, 2H, 3fle) were calculated in a par-
ton model focusing on the determination of g"(x),
the neutron spin-dependent structure function. Spin-
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Fig. 80. Comparison of asymmetry for scattering from po-
larized 3He (solid curve) and 2ll (dashed curve) at Q2 =
10 (GeV/c)2.

dependent quark distributions constructed along the
lines of the Carlitz-Kaur model are used. The asym-
metry for scattering from polarized 3IIe is small in
magnitude and dominated by the neutron contribu-
tion. For "II, cancellation between proton and neutron
contributions leads to a very small asymmetry below
x as 0.1. Otherwise the asymmetry is large but domi-
nated by the photon. The results are shown in Fig. 80.
This suggests that 3He is probably better than 2H for
determining 3,' below x « 0.1.

Lepton-nucleus deep-inelastic scattering
(G.A. Miller, Univ. of Waslnmjton/TIUUMF;
C. Benesh, Univ. of Washington)

We computed deep-inelastic structure functions for
the proton, with the soliton bag model of confined
quarks. We achieved good agreement, with the experi-
mental observablos for both the spin-indeoendont and
spin-dependent structure functions. In the latter case,
the good agreement resulted from including the effects
of the axial anomaly.

Analysis for scaling in quasielastic (e,c') off nuclei
(M.N. Butler; R.D. McKcoum, Caltrch)

We have looked in detail at. the kinematic factors
involved in the extraction of a scaling function from
inclusive, quasielastic electron-nucleus cross-sections.
Previous methods involved assumptions and approx-
imations which are either incorrect or can be treated
exactly. We have done so and presented a reanalysis
of the SLAG data for s6Fe that shows the farge dis-
crepancies which arise between our treatment and the
conventional method.



Mesou-exchange-current contributions to
quasielastic (e,e')
(P.O. Blundcn, TRWMF/Manitoba; M.N. Butler)

We have completed a study of the contributions of
meson-exchange currents (MECs) to the quasielastic
response in a fully relativistic Fermi gas model. As
naively expected, significant effects were found in the
transverse response, but the longitudinal response was
essentially unchanged. One important point is that we
found striking differences compared to nonrelativistic
calculations, particularly with respect to the peak shift
caused by the MECs.

We are now starting on the next stage of our pro-
gram, which is to perform the calculation for finite sys-
tems using realistic wave functions generated through
relativistic Ifartree-Fock calculations. The effects of
final-state interactions will also be incorporated at
some stage. The goal is to make quantitative com-
parisons with experimental data from both inclusive
(e,e') and exclusive (e,e'p) reactions, and test our
understanding of the mechanisms contributing at the
quasielastic peak.

The meaning of the impulse approximation in
quasielastic {c,e')
(M.N. Butler; A. Rinat, Weizmann)

The impulse approximation (IA) is invoked in many
dccp-inelastic scattering processes (n-liquid He, e-p, e-
nuclcus) to study scaling phenomena and constituent
momentum distributions. For two of these systems, the
IA is well defined (n-IIe and c-p). This is because of
the extremely nonrelativistic nature of the first case
(and large constituent excitation energy with respect
to energy transfer) and by the small target mass with
respect to momentum transfer in the other. The e-
nucleus case is not so clear, as the kinematics border
on being relativistic; the energy transfer is compara-
ble to internal excitation energies, and the momentum
transfer is comparable to the constituent mass. We are
looking at the formal meaning of the IA and scaling in
such a system and whether such a discuss" 'i is even
sensible.

Nucleon mass corrections in deep inelastic
lepton-nucleus scattering (M.N. Bullcr;
G.A. Miller, Univ. of Washingion/TRIUMF)

We have studied the Q2 dependence of the EivIC
effect, including all target mass and evolution effects
up to tvvist-2. Very small effects are found, in appar-
ent contradiction to experiment. We point out, though,
that uncertainties in the data are large enough to pre-
vent a definite conclusion.

Effect of meson-exchange currents in a relativistic
study of electron-nucleus scattering
(P.O. Blunden, TRIUMF/Manitoba; E.J. Kim)

In view of the interest in meson field theoretical
descriptions of finite nuclei, and of the importance
of meson-exchange-currcnt contributions to electron-
nucleus scattering, we have incorporated meson-
exchange currents in a relativistic model for electro-
magnetic probes of nuclei. We constructed a relativis-
tically covariant current operator which included the
two-body contributions (both pair and pionic) from
one-pion exchange as well as the effective one-body
piece. We used Dirac-Hartree and Hartree-Fock single-
particle orbitals in evaluating the two-body matrix ele-
ments. We calculated charge and magnetic form factors
for several closed-shell and closed-shell-plus-one nuclei.

Comparison with data for the magnetic form fac-
tors of closed-shell-pkis-one nuclei shows that meson-
exchange currents contribute to an overall enhance-
ment of the form factors. This is in agreement with pre-
vious nonrelativistic calculations of meson-exchange-
current contributions. We find that contributions to
isoscalar charge form factors are small, which we ex-
pected since we used pseudovector coupling for the pi-
ons. We may have to include core-polarization effects in
order to obtain a quantitative agreement with the ex-
perimental data, since we expect core-polarization ef-
fects to be of the same order of magnitude as exchange-
current effects.

Symmetry breaking

CP violation in the two-generation left-right
symmetric models
(C.Q. Geng, J.N. Ng; J. Liu, Univ. Michigan)

We studied the implications of e'/e measurement
and the electric dipole moments of the neutron on the
phases of two-generation left-right symmetric models.
To accommodate the data a hierarchical pattern of the
phases emerges. This can be realised in the sponta-
neous T-violation version.

New models of spontaneous T violation and
scalar-pseudoscalar mixing
(C.G. Geng, X.D. Ziang, J.N. Ng)

A minimal model of spontaneous CP violation based
on two Fliggs doublet and two Higgs singlet fields
is constructed. The model has a Peccei-Quinn type
U(l) symmetry which breaks at 108 ~ 1012 GeV en-
ergy scale. Physical CP violation arises from scalar-
pseudoscalar mixings. A relatively large electric dipole
moment for charged leptons and small | c'/c | are pre-
dicted. It was shown that if one did not impose PQ-
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symmetry, similar models will require discrete symme-
try. The minimal model utilized only one Higgs sin-
glet and a Z^ discrete symmetry. The phenomenon
of scalar-pseudoscalar mixings remains intact. These
models are much simpler than the Weinberg model.
Unlike Lee's model they do not suffer from the prob-
lem of the level flavour-changing currents.

Isobar effects in the charge symmetry breaking of
the NN force
(J.A. Niskanen, TRIUMF-UBC; A.W. Thomas, Adelaide)

Charge symmetry (and isospin conservation) is
known to be only approximate. Its breaking (CSB) due
to hadron mass differences, electromagnetic effects and
meson mixings may have roots in the underlying quark
structure, notably the quark mass differences. Careful
studies of CSB (as difficult as they may be experimen-
tally) ought to result in constraints on hadronic in-
teractions complementary to the symmetry-conserving
case, e.g., in comparisons of quark mechanisms with
meson exchanges. At the very least one should find
new constiaints on some coupling constants (such as
the r)NN coupling) also otherwise difficult to get. Re-
cently [Niskanen and Thomas, Phys. Rev. C 37, 1755
(1988); Niskanen et al., Phys. Rev. C 38, 838 (1988);
and Niskanen and Thomas, Austr. J. Phys. 41, 31
(1988)3 the effect of the A(1232)-isobar has been in-
corporated into CSB in the NN interaction, in the
deuteron and in the reaction np —<• dir° on the same
footing as the nucleon effects. A particular importance
of the T)Tr°(j/ir0} mixing was observed. This work will
be continued to incorporate the so-far ignored crossed
NA diagrams in addition to the box diagrams already
included.

Charge symmetry breaking in neutron-proton
scattering including arbitrary mesons
(M.J. Iqbal; J.A. Niskanen, TRIUMF-UBC)

We derive the general charge symmetry breaking in-
teractions for np scattering for arbitrary meson ex-
changes defined in terms of the five relativistic in-
variants and isospin operators. In the presence of the
isospin the much-used Gordon decomposition is mod-
ified to include two extra terms. In addition to the
isovector mesons and the photon exchanges included
earlier, we also consider the effect of w and a ex-
changes. Together these contribute about as much as
the p meson, which in turn is much less than the
dominant OPE, 7 and pu mixing effects. The A\ me-
son is negligible The observables A/1 = An—Ap and
AAks — Avakj — Aoo,k are calculated. The A/1 ob erv-
able shows great sensitivity to the mcson-nucleon form
factors. The spin correlation asymmetry A/1*,, is rather

structureless [Iqbal and Niskanen, Phys. Rev. C 38,
2259 (1988)].

pw meson mixing in the reaction np —» djr°
(J.A. Niskanen, TRIUMF-UBC, M.J. Iqbal)

We calculate the isospin-breaking effect of pui mixing
in the reaction np —+ dn° using the coupled channels
method to incorporate intermediate NA states. This
effect in the forward-backward symmetry of the pro-
duction cross section is found to be considerably laiger
than anticipated in an earlier calculation and to partly
cancel the other contributions from the np mass dif-
ference and rjir mixing. The particular interest in this
component of charge symmetry breaking nuclear force
is due to the fact that quark level calculations indicate
little CSB, whereas pw mixing is quite a strong effect
both in np —* dw° and elastic scattering. Since isospin
symmetric interactions appear to be qualitatively sim-
ilar in the meson exchange and quark pictures, this
effect would be the first qualitative deviation between
the two [Niskanen and Iqbal, Phys. Lett. B, in press).

Parity violation through meson mixing
(M.J. Iqbal; J.A. Niskanen, TRIUMF-UBC)

Parity violation in the two-nucleon interaction
probes the strangeness-conserving part of the weak
interaction. In microscopic calculations based on the
standard model various weak contributions have been
included in the meson-baryon vertex. The traditional
picture of parity violation in the nuclear force is then
that of a meson exchange with one end a strong cou-
pling and the other weak. We calculate the contribu-
tion from a new mechanism, the mixing of mesons of
opposite parities. So, in this mechanism both mesoii-
baryon couplings are strong, but different in the oppo-
site ends. Preliminary results indicate this effect, to be
as important as any earlier mechanism.

Parity violation in proton-proton scattering
(G.A. Miller, Univ. of Washington/TRIUMF;
D. Driscoll, Univ. oj Washington)

We are studying the parity-violating interaction be-
tween two protons. This work is being used to help
plan a possible new TRIUMF experiment. We are in-
cluding relativistic effects needed to make accurate cal-
culations at lab energies up to 1 GeV. In addition, we
are examining the influence of pion production on the
parity-violating interaction between two nncleons.

Symmetry breaking in the (V)2 theory and
the light-front vacuum (R.S. Wiltntan)

Using x* — (r° ± xl)/\/2 as the light-rone co-
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ordinates, the Lagrangian density

C =

is considered. This theory can provide an interesting
test for nonperturbative approaches and their ability
to describe nontrivial vacuum structure. This is be-
cause the {4^)2 theory is thought to have a second
order [Simon and Griffiths, Commun. Math. Phys. 33,
145 (1973)] phase transition for a critical coupling pa-
rameter Ac between A = 0 and the strong coupling
limit. For A > Ae, the theory exists in a broken sym-
metry phase and the scalar field obtains a nonvanishing
vacuum expectation value (<J>(X))Q.

Recently, Harindranath and Vary [Phys. Rev. D 36,
1141 (1987)] have investigated this theory in the dis-
cretized light-cone quantization (DLCQ) approach. A
vanishing mass gap was found for a critical value of A,
but it became clear that, in the broken symmetry phase
the standard DLCQ approach is lacking some feature
that should choose a new ground state for the system.
It was suspected that this feature was related to zero-
mode (zero light-cone momentum) boson states pos-
sessing the same quantum numbers as the vacuum. The
zero-mode boson component is omitted in the standard
DLCQ approach.

I have investigated how th<* dynamics of the zero-
mode can appear in the discretized theory. By rede-
veloping the DLCQ approach through the Lagrangian
rather than the energy-momentum tensor, the spe-
cial role of the zero-mode co-ordinate arises naturally
through the Lagrange-Euler equations. A nonlinear
constraint equation relates the zero-mode co-ordinate
to the standard nonzero light-cone momentum Fock
space creation and annihilation operators. The inclu-
sion of the zero-mode co-ordinate along with its con-
straint equation may provide the necessary informa-
tion describing the ground state of the theory. Unfor-
tunately, in practice, the only way to use this constraint
in the construction of the Hainiltonian appears to in-
volve either a perturbation series or truncation of the
Fock space.

Flavour symmetry breaking and strong CP
violation in the Skyrme model
(U.S. Wiltman, R.M. Woloshyn)

In QCD, nonzero quark masses should produce mass
splitting within flavour multiplets and should allow
strong CP violation induced by the instanton [Belavin
cl n/., Phys. Lett. 59B, 85 (1975); 't Hooft, Phys. Rev.
Lett. 37, 8 (1976), Phys. Rev. D 14, 3432 (1976)]gauge
field configurations to be manifested.

We have considered how these effects are described
in tiiO effective theory, focusing particularly on the CP-

violating ir-nucleon coupling g [Crewther et a!., Phys.
Lett. 88B, 123 (1979); 91B, 487 (1980)] and the ex-
plicit isospin-breaking neutron-proton mass difference
(A/nn_p = m,,-mp).

In both the three-flavour Skyrme model (meson
fields only) and in the hybrid (quarks added) Skyrme
model, we obtained a relation between ~g and Amn-p
which, we believe, has not been pointed out before:

9= -
2MlM2

M\ -
• $

Here, Mi and M2 are proportional to the up and down
quark masses, respectively, and Fv is the pion de-
cay constant. The hybrid Skyrme model calculation of
Durgut et ai [Phys. Rev. D 36, 3443 (1987)] has been
extended to include the strong CP-violating 7r-nuc)eon
coupling with the result j « — 0.0240.

Also, for these observables an interesting qualitative
difference between the two- and three-flavour Skyrme
models became evident. We noted the curious fea-
ture that, although isospin violation effects (and CP-
violation effects) vanish in the two-flavour (quarkless)
Skyrmr model, they survive in the three-flavour model.

QCD and quark models

Hadron electric polarizability in quenched
lattice QCD (H.R. Fiebig, Florida International;
R.M. Woloshyn; W. Wilcox, Baylor)

Mass calculations of neutral lattice hadrons have
been performed in the presence of external static elec-
tric fields. The staggered scheme was used to put.
fermions on the lattice. Eighteen quenched SU(3)
colour gauge field configurations at ft = 6.0 on a
103 x 20 lattice provided the basis for our simula-
tion. Hadron masses were extracted from fits to pseu-
doscalar, vector and baryon time correlation func-
tions at four different quark masses and four different
nonzero electric fields. The change of the hadron mass
r" ivith the external electric field E was used to extract
the electric polarizability a from the quadratic term in
the expansion m(E) — ... — aE~/2 . . . .

For the vector particle no polarizabilities could be
reliably obtained because of the presence of system-
atic errors. A very clear signal for baryon polarizabil-
ity is seen and the calculated result is in good agree-
ment with a recent experimental measurement for the
neutron. At small quark masses we find an indica-
tion for a positive electric polarizability of negative or
zero 7T0 polarizability. An extrapolation of our result
to zero quark mass gives us an estimate of the neutral
pion electric polarizability of about 1/4 of the neu-
tron polarizability (or approximately 1/2 the charge
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pion polarizability experimentally measured). Qualita-
tively this supports the expectation of the nonrelativis-
tic quark iriodel a* « a" .

Electromagnetic form factors of hadrons
(T. Drainer, R.M. Woloshyn; W. Wilcox, Baylor;
K.F. Liu, Kentucky)

Electromagnetic form factors of a variety of hadrons
were calculated using a numerical simulation of QCD.
Valence fermions were incorporated via the Wilson
scheme, which exactly preserves gauge invariance and
discrete symmetries such as CPT, but which explicitly
breaks chiral and Lorentz invariance (to be recovered
as the lattice is made finer). Vacuum polarization ef-
fects were treated to lowest order (the "quenched ap-
proximation").

Quark sources were chosen so that electric (or mag-
netic) form factors could be calculated, at fixed three-
momentum transfer, for any local hadronic interpo-
lating field, although the preliminary analysis was re-
stricted to the pion, rho, proton and neutron. The use
of the conserved lattice vector current ensured that the
lattice measurement of the electric charge was exact,
so that there was no uncertainty in the normalization
of form factors.

In agreement with earlier simulations, the computed
pion form factor is consistent with the monopole form
suggested by vector meson dominance. Differences in
charge radii between hadrons, and the electric and
magnetic form factors of nucleons depend on the quark
mass in a physically reasonable way. A comparison
o[ lattice nucleon form factors with the empirically
successful dipole form awaits computations at masses
closer to the chiral limit. These are in progress.

Weak amplitudes of D and B mesons
(T. Draper; C. Bernard, Santa Barbara JTP;
A Soni, UCLA; G. Hockney, Fermilab)

Pseudoscalar decay constants and mixing matrix ele-
ments of D and B mesons were calculated using Wilson
fermions in quenched lattice QCD. These quantities
are important for understanding the theory of icavy
meson weak decays and for determining their locay
mode patterns - which in turn can have repercussions
on their experimental detection. Reliable knowledge of
the relevant matrix elements is a crucial element in the
comparison of experimental results with the standard
electro weak model.

The physical b quark mass is too heavy for direct
simulation in current Monte Carlo calculations; how-
ever, physical amplitudes should have a smooth depen-
dence on the heavy quark mass, so that a reliable ex-
trapolation can be made. We find that fbs/fbd = 1.47±

0.07± 0.30, U/fcd 1.35 ±0.07±0.21, fbd/fcli = 0.60 ±
0.01±0.03 and ft,/fc. = 0.66±0.004±0.09. For the lat-
tice "5 parameters" we find: BLL = 1.01 ±0.06±0.18
and BLR = 1.16 ± 0.01 ± 0.11 for the bd system, with
quite similar values for the cu and bti systems.

Lattice heavy meson decay constants and fcrmiou
universality (T. Draper, R.M. Woloshyn; K.F. Liu,
Kentucky; W. Wilcox, Baylor)

As an indication of the systematic errors which can
occur in the lattice computation of the decay constants
of B and D mesons, a comparison was made between
Wilson and staggered fermion scheme calculations. For
dimensioniess masses up to Ma « 1, there was reason-
able agreement between the two methods for the phe-
nomenologically interesting case of the pseudoscalar
decay constants of mesons consisting of one heavy and
one light, quark. Very similar patterns of systematic
differences were seen to arise between the two schemes
for the pseudoscalar and vector cases at high meson
masses.

Using QCD to dorive the nucleus
(G.A. Miller, Univ. of Washington/TRIUMF)

The strong interaction holds the nucleus together.
QCD, with its quarks and gluons, is widely regarded
as the theory of the strong interaction. This presents
a puzzle, since nuclei are made mainly from neutrons
and protons which interact by exchanging mesons. In
the current research, I use the strong-coupling approx-
imation to QCD. This should be valid for the low-
momentum transfer region (<1 GeV) characteristic of
ordinary nuclei. I have shown that many of the qual-
itative features of the baryon-meson picture of nu-
clei emerge from this treatment of QCD. Good agree-
ment between computed and measured mesoii-nucleon
coupling constants is achieved. Work is continuing on
quantitative predictions and improving the aspects in-
volving chiral symmetry.

Quark model for baryon-autibaryon annihilation
(J.A. Niskancn, TRIUMF-UBC)

Attempts to understand low-energy baryon-ajiti-
baryon annihilation at the quark level are timely be-
cause of experimental breakthroughs at the low-energy
antiproton ring (LEAR) at CERN, and are likely to be
relevant for the future KAON factory as well. So far
the models have had less than perfect success. One
can hardly consider the annihilation mechanism un-
derstood, if only 60-80% of the experimental annihi-
lation cross section is reproduced without adding phe-
nomenology [Green and Niskanen, Prog. Part. Nucl.
I'hys. 18, 93 (1987)1. A pure rearrangement into three



mesons is certainly insufficient and the additional two-
meson annihilation needs an effective operator to an-
nihilate a quark-antiquark pair in the hadronic interi-
ors. The nature of this operator is not clear, but may
be crucial in producing enough annihilation. A widely
used vertex is the 3P 0 one with vacuum quantum num-
bers, a simple "one-body" operator. The problem with
this vertex is that the relative orbital angular momen-
tum (( of the quark-antiquark pairs (in the final-state
mesons or i'l the annihilation vertex) is directly linked
to the relative baryon-antibaryon angular momentum
L. Therefore, two p-wave mesons in the final state (one
could be 3Po) produces two BD momentum operators
(~V), which often must be coupled to a total S'-state
(especially in the S-state annihilation). The resulting
V2 operator causes nodes in the (separable) BB optical
potential decreasing it [Green and Niskanen, op. cit.].
fn particular, in S-states annihilation remains only as
roughly half of the unitary limit. One would expect
more like ~100%. As a way to get around the diffi-
culty of the nodes, the- 3S\ (gfuon) two-body operator
was attempted for the 5-waves, with the same strength
as the 3P0 [Niskanen, AIP Conf. Proc. 150 (AIP, New
York, 1986), p. 406]. A possible justification for this
may be the nonperturbative nature of gluon exchanges
at low energies: if the 3Po simulates a multi-gluon ex-
change mechanism, then the mechanism with one more
gluon (with gluon quantum numbers) should be as im-
portant. This S-wave operator does not bring along
extra nodes, and a marked increase (up to about 90%
of the unitarity limit) was obtained in the S-wave anni-
hilation. Work is going on to find if a similar improve-
ment can be found also for P-waves. One might expect
so, because new important final states will be possible,
namely s-wave and p-wave meson in a relative p-state
which cannot be reached by a single 3Po operator. Pre-
liminary results indicate a slight increase in <jttnn after
the inclusion of this mechanism into P-waves.

Electroweak interactions

Radiative muon capture on the proton
(H. W. Fearing; D.S. Beder, UBC)

Motivated by the upcoming measurement of RMC
on the proton at TRIUMF, we looked earlier at ef-
fects of the A(1232) on the photon spectrum. [Beder
and Fearing, Phys. Rev. D 35, 2130 (1987)] They were
important for the interpretation of a precision exper-
iment, but did not change the qualitative features of
the result. We have now extended this work in three
important ways. First we improved the NAy vertex
by adding an additional term dropped in the earlier
work. Secondly ws calculated asymmetries and finally

we examined a wide range of Gp to see if the sensi-
tivity to these effects changed for values other than
the standard one. All new results served to make our
original conclusion tighter, namely that the effects are
not large, but should be included in a precision calcu-
lation. A paper describing these results has now been
submitted for publication [Beder and Fearing, TRI-
PP-88-90].

Neutrino mass hierarchy in SU(2)ixU(l)y
two Higgs singlets invisible axion models
(C.Q. Geng, J.N. Ng)

We study the neutrino mass hierarchy in invisible ax-
ion models employing two SU(2)iX U(l)y Higgs sin-
giets. The experimental and cosmological bounds on
the neutrinos and axion masses are incorporated. We
find that models with generation-blind Peccei-Quinn
transformations have the same neutrino mass hierar-
chy as the minimal one-singlet Higgs invisible axion
models. On the other hand, models constructed with
different U(1)PQ charges of the neutrinos for different
families can give unusual neutrino mass hierarchj Es-
pecially ve may have a ma?'? in the eV range which will
be phenomenologically important.

Flavour connections and neutrino mass hierarchy
(C.Q. Geng, J.N. Ng)

A new type of invisible axion models based on the
recent variant axion models are presented. They be-
long to N—l type models and hence are free of domain
wall problems. The Peccei-Quinn symmetry transfor-
mations are not totally generation and flavour blind,
which may help in understanding the small values of
electron and u-quark and large i-quark masses. The
light neutrino mass pattern in the two Higgs singlets
modeJs can have a very different hierarchy which differs
from the other type of invisible axion models.

Charged Higgs effects in rare decays
(C.Q. Geng, J.N. Ng)

Extensions of the standard model containing two
Higgs bosoi: doublets leads to the existence of charged
Iliggs bosons which can be important in rare meson
decays such as A' —• •KVV, BJ —<• XsvV and B<t —<• X,-y.
We analyse these in the minimal two Higgs boson with
the constraint placed on the charged Higgs boson mass,
the <-quark mass and the ratio of the vacuum expecta-
tion values of the two doublets by B^-B°d mixing. An
enhancement factor of ~1.5 over the prediction of the
standard model is obtained for the branching ratio of
A'
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Electric dipole moments (EDM), nmon polarization
in v -> MM and A'° — nJi decays (CQ. Geng, J.N. Ng)

Using the mechanism of scalar and pseudoscalar
mixings found in the previously discussed models we
find that the EDMs of fermions scale like (mass)3. This
also generates a longitudinal polarization of final-state
muon in r\ —* nJi and K\ —• /z/7 decays. They are of
the order of 10"2 and 0.86, respectively.

Anomalous moments of W-bosons in broken
supersymmetric models
(G. Couture, J.N. Ng; J.L. Hewett, T.G. Rizzo, Iowa State)

We present limits on the anomalous magnetic dipole
and electric quadrupole moments of the W-boson in
the broken supersymmetric version of the standard
model. We give the separate contributions to these mo-
ments for each pair of fields that contribute to the loop.
The main result is that supersymmetry is not likely to
induce anomalous moments larger than 1%.

Uniqueness of the standard model from the anoma-
lies
viewpoint
(C.Q. Geng; R.E. Marshak, Virginia Tech)

Arguments for the uniqueness of the electroweak
group and its representations are reexamined on the
basis of freedom from the three known cliiral gauge
anomalies in four dimensions: the triangular chiral
gauge anomaly, the global chiral gauge anomaly and
the mixed chiral gauge-gravitational anomaly. While
the standard chiral gauge group SU(3)cX SU(2)^x
U(l)i', give rise to an unique minimal set of rnassless
fermion representations of SU(.'3)cx SU(2)^ and their
U(l)v charges, that are in accord with experiment,
it is shown that the unique minimal set of massless
fermion representations of the gauging of three light
chiral quark flavors does not yield an unique set of
U(l)v charges. We argue that this helps to explain na-
ture's choice of quark and lepton chiral doublets rather
than triplets.

Finite A'=l SYM theories
(X.D. Jiang and X.J. Zhou, Beijing)

Using an algorithm similar to that proposed by Jones
and Ermushev et al. we investigate the general condi-
tions for an all-orders finite theory by redefining the
coupling constants such that Koth the gauge coupling
/5-function and the anomalous < imensions of the gauge
superfield and chiral superfield > vanish. These explicit
expressions for the conditions of all-orders finiteness
involve solutions of an infinite number of equations.
Both a solving process and a criU-ron for existence of

the solutions of the equations are given. In particular,
a large class of finite to all orders /V —1 SYM theories
of representations of classical groups is obtained.

Neutral current reactions by solar and supernova
neutrinos on deuterium (J.N. Bahcall, IAS Princeton;
K. Kubodera, Sophia Univ.; S. Nozawa)

The observed event rate in the 37C1 detector has
differed significantly from the predicted rate from the
standard solar model for two decades. This conflict be-
tween theory and observation lias recently been con-
firmed by Kamiokande II measurements.

It has been suggested by several authors that neu-
tral current reactions can provide a decisive test of
whether the sun produces neutrinos in a number that
is consistent with the standard solar model. This is
because charged-current reactions, such as observed
in the 37C1 and 71Ga experiments, detect only the
electron-neutrino flux, whereas neutral current events
determine the total neutrino flux, independent of neu-
trino oscillations. Recent studies by the Sudbury Neu-
trino Collaboration showed that the neutral current
disintegration of deuterium by SB solar neutrinos can
be detected with their one-kiloton DoO detector.

We have therefore made a detailed study of the cross
sections of the following neutrino reactions on deu-
terium, taking into account meson-ex change current
corrections [see Phys. Rev. D 38, 1030 (1988) for de-
tails]: u + d^i/' + n + p and V + d—*T/' + n+p. The
cross sections averaged over by 8B and hep solar neu-
trino fluxes are (<r(sB) = 4.1 ( l±0 .1)x l (T 4 3cnr and
(cr(hep)) = 1.15 (1 ±0.1) x 10"42 cm2, respectively.
These cross sections give 4.5(1 ± 0..38) x 103 solar neu-
trino neutral current events per year in the Sudbury
D2O detector.

Assuming a Type II supernova in the galaxy, we es-
timated the total number of events in the D2O detec-
tor. We find: ~103 (8 kpc/distance)2 neutral current
events and ~2 xlO2 (8 kpc/distance)2 charged cur-
rent events, for characteristic neutrino temperatures.
Finally, we discussed the possible separation of mas-
sive neutrinos from mas.sless neutrinos using the extra
travel time signal of supernova neutrinos. If either inn
or tau neutrinos have a mass greater than 2 x 10" eV,
then this mass should be measurable with the Sudbury
detector.

Other topics

Superconducting cosmic strings and primordial
nucleosynthesis
(R.A. Malaney, LLNL; M.N. Butler; .17.7. Mijk, UBC)

Two of us (Malaney and Butler) have recently shown
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that, in the situation where superconducting cosmic
strings (SCSs) carry their maximal current, baryon
number inhomogeneities can be created on a scale
found to affect primordial (Big-Bang) nucleosynthesis.
In fact, the effects are such that observed primordial
abundances of 1H, 2H and 3He can be reconciled with
a universe dominated by baryons. This is a potential
solution to the dark matter problem which plagues
particle physics and cosmology. (It should be noted
that similar physics may arise if the QOD confinement
phase transition is first order and occurs at a temper-
ature of approximately 150 MeV.)

Further effort, is going into understanding the impli-
cations of this effect, including QED constraints on the
maximal current (on the order of 1021 A) and on how
the dynamics of string motion during nucleosynthesis
can modify inhomogeneous predictions even further.
We must also check whether the effects predicted can
be reconciled with other observations, such as the low
anisotropy of the microwave background.

The study of final-state interactions in quasielastic
scattering: liquid helium
(A. Rmat, Weizmann; M.N. Butler)

There are two competing theories on the inclusion
of final-state effects in n-liquid He scattering, one by
Rinat and the other by Silver. Both claim to be exten-
sions on work done by Gersch and collaborators, but
the community is uncertain of the connection between
the two. We believe we now understand this connection
and are studying the validity of the approximations in-
volved in each approach. Particular attention is paid to
the question of the Bose condensate, which is dramat-
ically smeared by final-state corrections.

p-atom scattering at small angles
(M.N. Butler, S.R. Kosaclniak, G.H. Mackenzie)

We have improved upon the standard Thomas-Fermi
model of p-atom Coulomb scattering to include more
realistic atomic densities from Hartree-Fock calcula-
tions. This is important for the design of the II" in-
jection point in the KAON factory, where the beam

will pass through stripper foils up to 20000 times, and
beam spread by scattering must be controlled in order
to maintain flux and beam integrity.

Two-step mechanism in antiproton annihilation
on deuteron (M.P. Locher, PSI; S. Nozawa)

We have studied the momentum distribution of A-
hyperons which are produced by antiproton annihila-
tion on a deuteron at rest. Below the AA threshold
hyperon production necessarily must proceed in two
steps. For the inclusive reaction pd —» AA' the leading
rescattering mechanism is known to be the A' exchange
diagram. For the evaluation of the diagram, however,
only a simple factorization method has been so far used
by several authors. We have calculated the full rescat-
tering diagram. The obtained inclusive A-momentum
distribution well describes existing experimental data
and the preliminary results from the ASTERIX collab-
oration .

We have also applied the same formalism to the in-
clusive proton momentum distribution for the antipro-
ton annihilation on the deuteron at rest pd —> pX.
In contrast to the reactions which contain a A hy-
pcron in the final state, this reaction is governed by
a tree diagram. The bubble chamber data by Oh et
al. [Nucl. Phys. B51, 57 (1973)] are well desc ibed by
the tree diagram up to 300 MeV/c of the proton mo-
mentum; however, the data show a marked secondary
peak around 400 MeV/c which totally cannot be ex-
plained by the tree diagram. A similar second peak is
shown in the preliminary results from the ASTERIX
collaboration.

The enhancement of high-momentum component in-
dicates a deviation from the tree approximation. We
have calculated the proton momemtum distributon in-
cluding the rescattering diagram. The position and
width of the second peak are well described by the
present calculation. However, the contrbution from
the rescattering diagram is not large enough. The the-
ory underestimates the experimental data roughly by
a factor four. A more detailed study including spin ef-
fects is in progress.



EXPERIMENTAL FACILITIES

Experimental support

Data acquisition software

The new VAX-based CAM AC data acquisition sys-
tem for TRIUMF, christened VDACS by Ken Hicks,
was pressed into full operation on the MRS detector
early in the year. As a result the Data Acquisition Soft-
ware group was forced to move from the MRS VAX-
11/750 onto the TPC750 node and subsequently, as
it also became operational, onto a newly purchased
MicroVax II named DASDEV. The purchase of a mi-
croVAX II allowed the software development, group to
gain experience with a QBUS-based VAX and the new
QBUS interfaces to the System Crate. This type of
VAX will form the backbone of all future data acqui-
sition VAXes. No further purchases of UNlBUS-bascd
VAXes are planned.

On both the MRS and the TPC750 data acquisition
systems the program LISA was used for on-line and off-
line analysis o( data. Users could quickly specify his-
tograms or two-dimensional scatter plots to be formed
from "raw" or processed data. The histograms and
scatterplots could be viewed on an Atari 1010 ST run-
ning a VT040 emulation program called STO-IO. The
ST6'10 program uses a simple communications proto-
col between the Atari and the VAX in order to reduce
the time required to transmit the substantial volume
of data required to represent a single scatterplot. This
decreases the presentation time of a scatterplot, to a
few seconds from a minute.

All data acquisition VAXes were upgraded to VMS
version 5.0 by year's end. This resulted in the loss of
DECNET connections between the PDP-lls and all
site VAXes running VMS 5.0. An upgrade to the RSX
operating systems of these PDP-lls will be necessary
to enable DECNET to operate correctly in future.

Development continued on the TVVOTRAN pro-
gramming language of VDACS. Several new capabili-
ties were added to the language in the form of new lan-
guage statement types. Four statements types namely,
CSQIGNORE, CSQSCAN, CSQSTOP, and CSQRE-
PEAT were added for those users that required blocks
of CAMAC commands to be executed rapidly, that
is faster than repeated using the single action CSFA
command statement. All of the new "CS" statements
transfer 16-bit data. Equivalent "Cl" statement type"
will be added for the 24-bit cases and will be stored as
C2-bit quantities to simplify data analysis. A MUST-
PROCESS statement was added to allow rare event
types to be flagged for mandatory processing. With-
out this facility rare event types would appear to be
missing analysis due to the complex queueing system

employed between the data acquisition software and
the analysis software and the analysis requirement, of
only sampling the stream of events.

Georg Roeschert arrived mid year from the Halm
Meitner Institute, FDR, to spend a sabbatical at TRI-
UMF.

Detector facility

This year was a very active one for the detector fa-
cility. More detectors (both scint.illators and gaseous
detectors) have been manufactured than in any pre-
vious year. Some of these were major efforts, such a.s
the drift chamber of RMC, and involved many peo-
ple. This large output also involved new manufacturing
equipment and techniques, such as the large plotting
table to produce printed circuits of metre size, or the
hot oil bath method to bend large scintiUators. More
details of the MVVPC manufacture can be found in the
following section.

The gas piping system for the MESA area has now
been finished and three new mixing units have been
built for that. area. The new cabling of (lie MESA area
allows now the use of the computer from any work-
bench. There is a new alarm system for the meson hall
gas system, which informs users when a certain gas
bottle is empty.

Apart from the construction of detectors for use
at. TRIUMF there has been a large increase in the
production of counters for experiments in other lab-
oratories (Saskatchewan, Brookhaven, Stanford, Ham-
burg). 1)1 particular, a new project, was started and will
build about, 1000 lightguides for the Zeus calorimeter
at HERA. This project, is under way now, and about 70
of these lightguides have already been made and tested.
It is expected this demand will increase in the future.
Another novel technique pioneered for this project is
the acrylic laser cutting procedure, done at a commer-
cial out.1t in Vancouver.

Jn the development program the detector facility
has also been very active. Work is continuing on ra-
diation damage of gaseous detectors, with new results
presented at the latest IEEE meeting (see Appendix
A). This work is related also to the very fast multi-
wire chamber, which is now in use in several experi-
ments. Measurements of the drift, velocity in CF.) have
been made, as this gas seems to be the best candidate
for high-radiat'on environments. In collaboration with
the Electronics group, we are designing and building
a better read-out device for the fast, chamber, as the
one used so far (PCOS) has serious deficiencies at high
rates.

We have made new in-beam measurements of plastic
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fibre scintillators coupled to a position-sensitive photo-
multiplier. Results are very encouraging and have been
presented at the IEEE meeting as well as the Fibre
Scintillator Workshop at Fermilab (see Appendix A).
A Bragg curve spectrometer has been built, and tested,
in collaboration with SFU. The device measures the
energy and mass of ions, and has been operated suc-
cessfully with n sources. New geometries for the elec-
tric field are now being studied. We are continuing tests
with a large BGO scintillalor purchased from China,
with the view of designing a new large array photon de-
tector. Present tests have measured the resolution, the
uniformity (which was very good), and beam tests will
start soon. A large temperature coefficient was found.

MWPC facility

The following were the major projects for 1988.
Twelve cosmic-ray veto drift chambers from TPC were
refurbished for use by RMC (Expt. 452). Also a cylin-
drical drift chamber was constructed R>i RMC. Al-
though similar to the cylindrical chamber constructed
for Expt. 787, there was one important design change.
That involved using crimp pins to hold the wires in-
stead of soldering the wires to printed circuit boards.
Three 12 in. aperture chambers were constructed for
SLD. Four drift chambers were constructed for pwy
(Expt. '146). In order to fabricate these drift chambers
wo have developed the ability to plot large printed cir-
cuit boards, up to 1.4 m by 2.2 m in size. Finally a
second version of the fast chamber was designed and
constructed with an improved packaging that will make
it easier to build and repair.

In conjunction with our fast chamber we are contin-
uing damage testing and lifetime tests of the chambers.
Results of these tests were reported at the IEEE Nu-
clear Science Symposium.

Meson hall

M9 channel upgrade

The upgraded M9 channel construction and instal-
lation was substantially completed during 1988. The
superconducting solenoid passed acceptance i.̂ sts in
Japan in February and arrived at TRIUMF in April.
The beam line components inside the BL1A shield
were installed and commissioned during the spring
shutdown. Subsequent to this, the solenoid and moni-
toring syx'"in was commissioned and the downstream
components installed. The solenoid excitation current
was limited to 350 A due to some misgivings about
the adequacy of the breakers in the protection circuit.
All other systems performed as per design. The offi-
cial dedication ceremony for the solenoid channel took

place on December 8.
The superconducting solenoid was cooled down in

August and first beam was observed in the 13 leg soon
afterward. Since that time there have been a number
of beam tuning runs and initial experiments have been
done by the Japanese group. The power lead cooling
for the solenoid developed instabilities after the ini-
tial tuning run. The cause of these instabilities was
eventually ascribed to the control needle valve in the
cold box. The valve plug was changed in late December
and indications are that the instabilities are no longer
present. This will be verified during the experimental
run in January 1989.

Tunes have been established for the D leg for twelve
momenta between 25 MeV/c and 62 MeV/c. The neg-
ative muon and electron rates through a 1 in. colli-
mator were measured for each of these energies for
three different solenoid fields. These measurements in-
dicate that the design flux of 10,000 muons per cm2 at
40 MeV/c was achieved and that some improvement
may still be expected when the solenoid is excited to
full current. The electron contamination in the beam
is about one to one at 30 MeV/c and drops to 10% at
60 MeV/c. The momentum bite of the backward de-
cay beam was measured with range curves to be 11.5%.
Beam profile measurements indicate a symmetric beam
of about 8 cm FWIIM.

A surface muon tune was established for the B leg
which allowed the calibration of the two bending mag-
nets. This beam is heavily contaminated with positrons
which made the measurement of the surface muon flux
very difficult. An asymmetry measurement with the
backward decay muon beam indicated that the beam
was highly polarized. However, our attempts to nor-
malize this polarization with the surface muon asym-
metry measurements have not yet been successful.

The separator resonator has been refurbished and
installed. However, work remains to be done on the
rf amplifier before commissioning can be completed.
Some tuning and measurements have been done on the
A leg without the rf separator. It was established that
the negative muon flux at 62 MeV/c is about one mil-
lion per second as expected. This measurement was
made difficult and uncertain by the large electron con-
tamination in the beam. Preliminary tuning with high
intensity beam gave a dp/p of 8% and a beamspot at
the RMC target location of 7.6x9.5 cm. The beam
tune will be further optimized with a cleai. muon beam
when the separator is operational.

The momentum slits were installed in the channel
after the end of unpolarized beam and the A leg beam
blocker installed during the fall shutdown. With the
polarized beam Ql and Q2 were optimized to give a
minimum vertical size and optimum dispersion at the
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momentum slits. These measurements were done using
a silicon surface barrier detector. The dispersion at the
momentum slits was measured to be 1.6 cm/% and the
channel dp/p was measured as a function of horizontal
slit width. The beam spot at the RMC target loca-
tion was optimized using a set of wire chambers and
tuning only the last two quadrupoles. This procedure
gave a beamspot of 8 cmxlO cm FWHM which is not
as small as was expected from calculations. This will
be investigated in upcoming tuning runs.

Two control systems have been installed on the new
M9 complex both based on the TICS software running
on PC-AT clones. One system is interfaced to a CA-
MAC crate and to the PLC controller which controls
and interlocks the beam line vacuum system. This sys-
tem monitors and logs parameters of the cryogenic sys-
tem of the solenoid and also allows more user-friendly
control of the vacuum system. The second system is
used to control the magnet elements of the channel for
beam tuning and control during experiments.

QQD spectrometer

The QQD spectrometer continued to perform well
in 1988 for a growing variety of experiments. The first
front-end wire chamber, WC1, was converted to a pro-
portional chamber with an active area of 5 cm by 5 cm,
with a wire spacing of 0.8 mm. The chamber has been
instrumented with the PCOS readout system. A cham-
ber of this type has been used in the pion beams at
TRIUMF at fluxes as high as 40 MHz. This means
the QQD is now able to acquire data at substantially
higher rates and more forward angles than was possi-
ble in the past. In the coming year this chamber will
be expanded to an active area of 8 cm by 8 cm in order
to open up the solid angle acceptance of the QQD.

In addition, new focal plane wire chambers have
been constructed for the QQD. In the past there were
two planes of delay line readout proportional cham-
bers, 30 cm high and 60 cm long. The delay lines were
in three 20 cm sections on each of the two chambers.
The new chambers incorporate a novel technique in
which the delay line is printed onto the circuit board
which the wires are soldered to. The quality of this
printed circuit delay line, made here at TRIUMF, is
superior to the old design and allows us to use a single
60 cm delay line for each chamber. These new cham-
bers will be tested and installed in time for the April
1989 beam time.

More data was acquired in the summer of 1988 on
the (7r,2;r) reaction using the QQD spectrometer in
coincidence with the CARUZ, a second arm consisting
of scintillators and wire chambers. Events originating
from the walls and windows of the cryogenic targets
used in these experiments were reduced significantly by

the use of an in-beam fast wire chamber (instrumented
with PCOS readout), combined with the target trace-
back information provided by the front-end QQD wire
chambers.

The QQD was used for the first time in conjunction
wiih a polarized target in the summer as well. A spe-
cial stand was built for the QQD pivot which supports
the polarized target cryostat. The reaction studied was
50 MeV Ttd, with the target polarized normal to the
scattering plane. The observables obtained were there-
fore iTu and Ton- Problems were encountered with the
beam striking the pillars of the polarized target mag-
net. These problems were overcome by implementing
a front-end processor, the J l l Starburst, which read
the front-end QQD chambers, calculated the projected
vertex of the event, and rejected those events origi-
nating from the target pillar. For some angles in this
experiment 90% of the incoming events were rejected
by this method. No special problems were encountered
with the polarized target magnetic field.

This system will be used in 1989 for measurements of
the analysing power in the 1 3 C(T , TT') reaction, as well
as in an experiment, which will measure the analysing
power in 7rp elastic scattering in order to determine the
strange quark content of the proton.

Design work has progressed well on the CHAOS
spectrometer, which would replace the QQD and
greatly extend the type and number of physics experi-
ments possibi.- with pion beams at TRIUMF. A fund-
ing decision on this new development is expected by
April 1989.

Beam lino ID

In the first part of the year the beam line was used
in the conventional way to deliver nanoampere beams
of polarized protons to the Li(p.pa) experiment (480).
The beam line was run in a novel mode for the au-
tumn runs in which the SALAD detector (Expt. 422)
and PAL AS prototype (Expt. 523) were calibrated: 3
stages of collimation provided a tagged proton beam of
intensity ~20,000/s. The intensity of this femtoampere
beam was stable, even when a current of 100 nA was
circulating in the cyclotron.



Proton hall Table VII. SASP specifications.

TISOL

Progress achieved during the past twelve months is
summarized under Experiment 421, pp. 31-32.

Dual arm spectrometer system/second arm
spectrometer

A second arm spectrometer (SASP) for TRIUMF
will be installed in about one year's time at the 1AT2
target location on beam line 4B. This spectrometer
will be able to operate simultaneously in a coincidence
mode with the existing MRS spectrometer to study nu-
clear reactions of the type (p, 2p), (p, irx) and (p,p'n)
in the energy region from 200 to 500 MeV. The en-
ergy resolution of such a dual arm spectrometer system
(DASS) would be on the order of 160 keV. In addition
the SASP spectrometer by itself would greatly enhance
the current experimental programs studying the (p, w),
{p.n) 'and (ii,j>) reactions because of the large increase
in size of the solid angle and momentum acceptance of
the instrument over that of the present MRS.

The design specifications of SASP are given in Ta-
ble VII. An illustration of the DASS/SASP facility is
shown in Fig. 81. The design of SASP is built around a
dipole with wedged pole pieces resembling the opening
of a clamshell from which the dipole derives its name.
The two qu.idrupoles in front of the clamshell have
shaped pole faces to induce high-order multipoles to
correct for unwanted optical aberrations. The configu-
ration of the design is referred to as a QQ-CIam. The
minimum opening angle between the MRS and SASP
is '10° which is crucial for the (p,2p) experiments.

The dipole of SASP will accommodate a momentum
acceptance from +15% to —10%. This range ensures
that the maximum required proton CTrergy(250 MeV,
729 MeV/c) for (p,'2p) work is well within the ac-
ceptance at the maximum design central momentum
of 660 MeV'/c. The SASP coils will be able to han-
dle about 15% more current than is required by the
660 MoV/c specification. This will allow the spec-
trometer to access higher momentum albeit at a re-
duced resolution. At a 15% overcurrent the central mo-
mentum will be 758 MeV/c (250 MeV protons) and
the highest detectable momentum will be 872 MeV/c
(340 McV protons).

The ability to detect protons up to 340 MeV
will make the spectrometer useful as part of the
CHARGEX (n,p)/(p,n) facility. Using SASP instead
of the MRS will increase the solid angle of the detec-
tor from around 2 msr to 13.5 msr. The effective target
area will also increase by about a factor of 4 (the SASP
target, area measures approximately 10 cm vertical x

Central momentum (Po)
design maximum
absolute maximum

Momentum bite
Solid angle at -10% AP/Po

- 5% AP/Po
0% AP/Po

+ 5% AP/Po
+ 10% AP/Po
+ 15% AP/Po

Resolution at 660 MeV/c
(with 2 mr multiple scat-
tering at focal plane)
D/M
Flight path at 600 MeV/c
Angular acceptance:

bend plane
nonbend plane

Focal plane tilt
Total bend angle
Angular range
Angular resolution
(1 mm beam spot with no
front-end chamber)
Maximum target spot size
(full acceptance)

vertical
horizontal

Minimum opening angle
with MRS
with the beam line

660 MeV/c
759 MeV/c

-10% to +15% AP/Po
11.2 msr
13.0 msr
13.5 msr
12.8 msr
11.6 msr
10.0 msr

0.02% AP/Po
(FWHM)

4.70 cm/%
7.02 m

±103 mr
±42 mr
44.3°
90°

14°-156°

2 mr

10 cm
4 cm

40°
14°

4 cm horizontal). For (;t,p) physics the combination
of both factors means that the data rate for the (n,p)
reaction using the SASP spectrometer will be 27 times
the data rate using the MRS.

Last year the DASS/SASP project applied to
NSERC for $524,520 in order to fund the costs of the
SASP focal plane detector stack plus the associated
electronics. The application was partially successful as
NSERC saw fit to fund $300,000 of the request. On
the basis of such an endorsement. TRIUMF set aside
a further $230,000 for fiscal 1988/89 to set the project
in motion.

Thus the DASS/SASP project has now been under
way for just under a year. The detailed design of the
major SASP components, the clamshell dipole and the
two quadrupoles, have been completed. The detailed
stand design should also have been completed, but
was not because on closer inspection the pivotless de-
sign, described in last year's Annual Report, proved to
be unfeasible. A new stand design concept, had to be
found.
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SASP MRS

Fig. 81. Elevation view of the proposed DASS (dual arm spectrometer system).

The new stand design reverts to the proven MRS
stand design (a pivot and two legs; movement is ac-
complished via air pads and a motor-driven wheel).
Room was found to attach the stand to the MRS pivot
without necessitating large-scale modifications to the
MRS stand and without compromising the minimum
SASP-MRS angle separation (40°). It should be noted
that Fig. 81 shows the old pivotless stand design and
not the new design.

E. Feldl of Virginia has been contracted to design the
DASS scattering chamber which has a double sliding
seal. Mr. Feldl is well known in this field, and has been
contracted by other labs such as LAMPF, IUCF and
NIKHEF for the design of other sliding seal chambers.
For the DASS chamber he proposes to employ a novel
accordion-like steel stiffener in front of the seals to keep
them from collapsing under the vacuum load.

The dipole has been sent out for manufacture. The
coils are being manufactured by the Sigma Phi Cor-
poration of France. They are scheduled for delivery in
May. The steel for the dipole has been ordered and de-
livered. The machining and assembly of the dipole steel
is now being carried out at Ebco in Richmond, B.C.
Delivery of the finished steel is scheduled for mid-June
1989. By mid-August it is planned to have the dipole
completely checked out and powered up so that field
map studies can begin. These studies will continue for
at least four months. The present installation date of
the dipole in the completed SASP structure is March
1990. Experiments are expected to begin on or about

November 1990.

Targets

Polarized targets

(1) Large frozen spin target

Several modifications were made to the target sys-
tem in preparation for Expt. 446:

a) The evacuated spacer between the mixing cham-
ber and the still in the refrigerator was replaced by a
solid tufnol spacer to eliminate vacuum leak problems.

b) The refrigerator flow impedance was reduced by
a factor two to decrease the polarization time.

c) The target cell volume was increased from 35 ml
to 60 ml.

d) The old holding magnet assembly was replaced
by a new assembly consisting of two symmetric coils
sufficiently large to allow the polarizing magnet to pass
through them. This arrangement allows the target to
be viewed from almost everywhere in the scattering
plane.

The target was installed in M11 for tests in preparation
for Expt. 446 in November. A positive polarization of
75% was achieved in 4 h. The polarization decay time
was 530 h at 3.4 kG and 54 mK. Early in December
the target was removed from the beam floor to enable
set-up and calibration of Expt. 446.



(2) Polarized dcuteron target

The target, was operated for four experiments during
the course of the year:

a) Following the Christinas shutdown the target was
operated for one week in Mil to complete Expt. 375,
begun during December.

b) The target was then filled with ordinary butanol
and operated in Ml 1 for four weeks as a polarized pro-
ton target for Expt. 441.

c) During the second quarter major work was un-
dertaken to allow installation of a polarized dcuteron
target in M13 in conjunction with the QQD. This work
involved construction and installation of a service plat-
form over M 13 and fabrication of a new target support
to accommodate the QQD. The target cryostat was
modified by installation of a large aperture microwave
cup and the target was operated for Expt. 502 during
July. Unfortunately, the microwave cup began to leak
during the course of the run and was replaced with a
small aperture cylindrical cup. This involved the loss
of nine days.

d) In September the target was installed in Mil for
the final run of Expt.. 331.

The target system was then moved to the CRM lab
where some work has begun to develop a polarized 13C
target for use it) Ml 1 by Expt. 504 in the spring of 1989.

Cryogenic targets

(1) Liquid deuterium neutron production target

The target was operated for three experimental
runs during the first, quarter. During the spring shut-
down the old target fia.sk and heat, exchanger were re-
placed with newly designed and fabricated units. These
changes cured the cold leak which had made previous
target operation difficult and raised the 500 MeV beam
intensity that, the target, would accept from 2 /*A to
1 /I A.

(2) Liquid hydrogen targets

There nrc three liquid hydrogen targets at TRIUMF,
with services to operate these targets permanently in-
stalled in BL4A/2, BL4B, BUB, Mil, M1.3 and M20.
The targets were operated for a total often experimen-
tal runs during the course of the year.

Development of a liquid hydrogen target for the
R.MC experiment has continued throughout die year
and is now at the point where a target for ordinary
liquid hydrogen contained in a copper Mask should be
ready for testing by late February 1989. Development,
of a gold target flask is still continuing, and devel-
opment of a gas handling system for the deuterium-
depleted hydrogen eventually required as target mate-

rial has not yet been started.

(3) Liquid helium target

This target can be operated with ei her 3He or 4Hc
in Mil or M13. It was operated in M l for Expt. 445
during August.

Experimental facilities engineering

Magnets and beam lines

The major activities in 1988 were the completion
of magnets and the installation of the new M9 beam
line, modifications to PACMAN (originally called the
Expt. 208 C magnet), and procurement of the compo-
nents of the SASP dipole.

The six new 12 in. quadrupoles were made com-
pletely by local industry and were installed down-
stream of the superconducting solenoid in M9. PAC-
MAN was further modified by adding large field clamps
for operation at large apertures, e.g. 30 cm, to limit
fringe fields which interfere with the photomultiplier
tubes mounted close to the magnets. The assembled
magnet, was appropriately decorated with a West Coast,
motif and used for Expt. 446 at the end of the year.

There were no major changes to any beam lines other
than M9 during the year. Minor improvements were
made to beam line 4A to reduce the changes necessary
between switching from TISOL operation to parity ex-
periments. Opportunity was taken during the fall shut-
down to catch up on preventive maintenance checks on
beam line components.

Magnet development

Field surveys and tests were completed on a num-
ber of magnets, including six M9B quadrupoles, the
Chicago magnet and several modified versions of PAC-
MAN. The design of the SASP multipole quadrupoles
was completed. Field calculations were done on several
magnets, including the 2A combination magnet, the
Sagane magnet, and the 30 MeV cyclotron. An attempt
was made to do three-dimensional field calculations us-
ing TOSCA on the Ql SASP multipole quadrupole but
it was not successful, due to an insufficient, number of
nesh points available in the program. The program

MAGDES was modified to include wedge, banana, and
circular dipole magnets and room temperature solenoid
magnets. The Faraday rotation laser equipment was
used to measure the effective length of a solenoid mag-
net and gave results which were more accurate than a
Hall probe survey and was much faster. Further work
is in progress to use the equipment with dipoles and
quadrupoles. The /<SR superconducting solenoid ar-
rived at TRIUMF, and after extensive delays due to
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vacuum and other problems passed the compromised
specifications acceptance tests. The OPPIS supercon-
ducting solenoid also arrived, and except for some in-
strumentation problems its performance exceeded the
specifications. Tests on epoxies for a superconducting
coil were completed successfully and a full-size copper
test coil was wound and vacuum impregnated, but the
impregnation was poor and modifications to the vac-
uum mold design are under way.
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APPLIED PROGRAMS, TECHNOLOGY & ADMINISTRATION DIVISION

APPLIED PROGRAMS

Applied Programs is involved in applications of TRI-
UMF science to other disciplines. Medical applications
are emphasized with the continued operation of the
bioinedical pion channel for studies of pion therapy
for cancer. The PICT program likewise continues with
brain imaging studies using radioisotopes produced on
the CP-12 cyclotron. The CP-12 cyclotron has been im-
proved to accommodate a 6-week running schedule be-
tween maintenance periods and must continue to run
reliably during and after the construction of the new
cyciotron and facility for radioisotope production at
TRll'MF.

Biomodical program

1988 was a year of very active patient treatments
and upgrading of the biomedical channel. A total of
113 days of patient treatments was available, with 35
patients treated, as shown in Table VIII.

After the short patient treatment run in January
there was a major overhaul of the pion channel by the
beam lines group. Most of the work was around the
mid-section of the channel, so in order to reduce per-
sonnel dose the whole Q2-Q3-Q1 triplet assembly was
removed from the channel and completely disassem-
bled for service. This also included the two sextupoles
and the momentum box with the momentum selection
blades. The last time any similar major work was per-
formed on the channel was in 1978, but during the
past 10 years there were frequent water and vacuum
leaks resulting in a steady deterioration of the channel
and many emergency repairs during periods of high-
intensity operation. These leaks were largely due to the
unexpected expansion of the concrete blocks on which
the pion channel was anchored. After these blocks were
replaced by steel supports in 1987, there have been vir-
tually no leaks on the channel. Hence a major channel
overhaul was planned for this fiscal year. The magnet
plumbing and electrical wiring were upgraded, while
the vacuum joints were replaced with couplings that
are compatible with rern.He handling techniques. The
momentum blade system and the microswitches inside
the channel were examined in detail. These blades were
used to produce modulated depth dose profiles un-
til 1980, when the range shifter system was installed,
and the blades were left open for the last. 8 years to
maximize the pion flux. With the steady increase in
beam intensity available since 1987, it is expected that
the momentum blades can be reactivated to provide a

sharper dose distribution (with reduced flux) for some
patients whose tumours are located very close to vi-
tal structures. During the overhaul the drive shaft, of

Table VIII. Summary of T R I U M F pion patient treatments
for 1988.

Run

Jan-
Fcb

•Jun-
Scp

Dec

Patient

88-1 brain
88-2 brain
88-3 brain
88-4 pelvis
88-5 brain
86-1 brain
88-6 brain

88-7 pelvis
88-8 brain
88-9 brain
88-10 brain
88-11 brain
88-12 brain
88-13 pelvis
88-14 pelvis
88-15 pelvis

88-16 pelvis
88-17 pelvis
88-18 brain
88-19 pelvis
88-20 brain
88-21 brain
88-22 brain
88-23 brain
88-24 brain
88-25 brain
88-26 brain
88-27 brain
88-28 brain
88-29 pelvis
88-30 chordoma

88-31 pelvis
88-32 malis

scliwanoma
88-33 brain
88-34 brain

Fraction
finished/
intended

15/15
15/15
15/15
15/15
15/15
15/15
15/15

15/15
15/15
15/15
15/15
15/15
15/15
15/15
15/15
15/15
15/15
15/15
15/15
15/15
15/15
15/15
15/15
15/15
15/15
15/15
15/15
15/15
15/15
15/15
15/15

15/15
14/15

15/15
15/15

Total
days

24
25
°2
21
17
17
17

20
20
18
18
18
18
19
18
17
17
17
20
20
20
18
19
18
24
19
19
21
22
18
18

25
24

25
24

Dose/
fraction

(TT~ rad)

220
230
230
220
230
220
230

230
180
170
230
230
230
220
220
220
230
220
230
230
230
220
220
220
230
230
230
220
230
230
220

230
220

230
220
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the high-energy blade was found to be slightly bent
and the collision switches disintegrated. These were re-
paired. With the exception of the collision switch all
the interlock microswitches were relocated outside the
beam pipe for easier access in future maintenance. The
momentum blade system interlock box in the M8 con-
trol room was also checked out and tested. A new box
using a CPU instead of mechanical relays was installed
later in the year.

In parallel with the above work on the channel, a
major upgrading of the control software was initiated
in the spring of 1988. The old system based on the
obsolete Nova 2 computer was replaced by a S140 sys-
tem. A new hard disc drive was installed with a pair of
fixed and removable 20 MB hard discs. However, the
new CAMAC controller and the Textronix 4207 colour
terminal arrived only a few days before the run in June,
so they had to be installed in the fall after the run.

There was a very busy patient run in the summer
starting on June 25 and lasting until September 20,
with breaks of only one or two days a week for the
entire three-month period This was largely due to
the extra few weeks available by beam rescheduling in
September, making the run by far the longest contin-
uous block of patient treatments for our programme.
Patient accrual was therefore very good for the run;
a record total of 24 patients were treated, including 8
cases of pelvic tumours, 15 cases of brain tumours and
one case of chordoma.

A "phase three" prospective randomized trial for
glioblastoma protocol was approved by the appropri-
ate committees at CCABC and UBC just before the
run. The trial requires the participation of a total of 83
patients over a two-year period. Cancer patients satis-
fying certain clinical criteria and willing to participate
in the trial are randomized so that half of them will be
treated by conventional radiation at CCABC and the
other by pions at TRIUMF. Patients who favour the
pion treatment will be treated at TRIUMF but will
not be entered into the trial. During the last run five
patients were treated with pions for the "phase three"
clinical trial, with an equal number treated with pho-
tons at CCABC.

After the summer run upgrading of the software
in the control programme was resumed immediately.
With the new 4207 terminal treatment and control
were displayed in colour, greatly improving the interac-
tion with the operator. This upgrading was completed
in time for the winter run starting on December 9.

42 MeV cyclotron facility

1988 was another year of record production with
beam delivery of almost 1.1 Ah. This is 8% or 80 mAh

<
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Fig. 82. CP42 quarterly production. The annual production
is given above bars.

more than 1987. This increase in delivered beam was
essentially applied to 123I production, since 201Tl pro-
duction remained the same as in 1987. Figure 82 shows
the evolution of the CP42 annual production.

Figure 83 shows the weekly beam delivery for the
year. The dip in production during weeks 22-23 was
d\ie io a major repair-, replacement of the pole-tip O-
ring and repair of the upper rf liner; the dip during
weeks 43-44 was related to problems installing the new
15-foil variable energy extractor. Despite these repairs
and developments, record production was achieved by
operating more than 600 h longer than in any previous
year with beam production spanning over 80% of the
elapsed time (Fig. 84)! This was made possible by a
number of major engineering improvements which have
increased the period between routine maintenance days
from one week to three or four weeks. In fact, at year-
end, there was a 6-weck operational period without
any regular cyclotron tank maintenance, and there is
a realistic expectation for this to become the standard
operating regime in the future.

The year's highlights were:

• Aftor some difficulty, the new 15-foil variable en-
ergy extractor arm was successfully installed in Oc-
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tohi-r and November. Although SOUK1 minor improve-
ments and adjustments remain to ho made, this ex-
tractor is in routine use and is already having a major
impact on our operation:

As mentioned above, it. now appears that, the cy-
clotron will operate more or less routinely with regular
maintenance intervals of six weeks, the beam "puller"
lifetime. Weekly maintenance was the norm a.s recently
as mid-1987.

We now enjoy complete redundancy in the solid tar-
get irradiation facilities which are used for over 80%
of the total production. Therefore, it is expected that
failures previously requiring "emergency" repairs may
now ho corrected during regular maintenance, thereby
reducing personnel exposure and lost, production.

The new extractor makes it. possible to reduce the
cyclotron vault, irradiations by a factor of between two
and three, thereby reducing the activation and radia-
tion induced failures of cyclotron components.

Finally, the new variable energy extractor is serviced
incomparably more quickly and easily than its prede-
cessor.

• Although a .spare ion source has been available,
its H~ production has been 15 '20% lower than the
"workhorse" source for some tune, thereby increas-
ing the CIM2 vulnerability to failures. This problem
had eluded correction until the new variable energy
extractor was installed, which required adjustment, of

G^ 81.5% Production
Lv! 5.6% Overhead
LvJ 6.3% Downtime
V_s 6.6% Maintenance

Kig. 84. CP12 operational hours 1988.



both ion sources to allow the extractor to pass through
them. Now both ion sources have the same high level
of production. Apparently a cracked insulator was the
cause of the previous poor production.

• There was a successful test of an experimental ex-
tractor, called MISER (Medical Imaging Simultaneous
ExtractoR). MISER is a fixed energy, "pop-up" de-
vice designed to extract a 20 //A, 28 MeV beam for
PET isotope production during simultaneous extrac-
tion of 180 fiA of 29 MeV beam for thallium produc-
tion. The temporary MISER installation was removed
during the new variable energy extractor installation
and is presently being redesigned. It is planned to in-
stall a new version of the MISER in the second half
of 1989, probably for operation at an energy below
20 MeV, since the new variable energy extractor should
allow simultaneous extraction at 29 MeV.

• New versions of the solid target manipulators, de-
signed to reduce the "target stuck on manipulator fol-
lowing irradiation" failure mode, were installed in both
solid target stations.

Improvements in progress during 1988 include:

• The new dee assembly, which is designed to:
reduce the number of water passage O-rings from

the present 80 to 8;
eliminate the use of copper in the median plane (neu-

tral beam has activated copper in the present dees to
more than 25 R/h on contact! This is the greatest
source of activity presently in the cyclotron tank.);

provide better stiffness and flatness (again, adjust-
ment of the present flimsy dees is a frequent and per-
sonnel radiation exposure intensive activity).

The dees have been formed and the cooling channels
soldered onto them. They should be available for in-
stallation by March 1989. Although installation is not
yet scheduled, the present dees have suffered O-ring
failures twice, and are predicted to fail again in 1989.

• By year-end the mechanical components for three
new solid target stations slated for the new cyclotron
facility were on hand. Assembly and commissioning of
the stations, including modern controls, will occupy a
substantial portion of the group effort in 1989.

Radioisotope processing (Nordion)

The cyclotron continued to run successfully at capac-
ity for the entire year. The facilities specification and
detailed layouts for the cyclotron expansion program
were completed. Several sets of negotiations reached a
very advanced stage during the year with the comple-
tion expected in early 1989, The construction is sched-
uled to commence in mid-1989 and the project sub-

stantially completed in mid-1990.
The Vancouver operations hosted the AECL Board

of Directors for part of their Board meeting at the
TRIUMF site. The Board were greeted by his Worship
Mayor Gordon Campbell and the Honourable Stanley
R. Hagen.

The Radiochemical Company was transferred from
Atomic Energy of Canada Limited to the Canadian
Development Investment Corporation (CDIC) as the
next step in the privatization process in early August.
The Radiochemical Company became Nordion Inter-
national Inc. on the eve of September 30. The company
now has its own Board of Directors.

Two fully automated 123I technology packages were
fabricated, installed and commissioned. The perfor-
mance of the systems has been exceptional in the mar-
ketplace.

Positron emission tomography (PET)

During 1988 a total of 189 studies were performed
with the PETT VI positron tomograph. (18F)-L-6-
fluorodopa has become the principal agent for the
studies here as reflected by the increase in produc-
tion as compared to fluorodeoxyglucose (91 samples
prepared vs 50 FDG samples). The research programs
served by these procedures include movement disor-
ders, Alzheimers, Huntington's chorea and schizophre-
nia.

We have used positron emission tomography (PET)
with 6-[18F]fluoro-L-dopa (6-FD) and post-mortem
HPLC dopamine analysis to study the nigrostriatal
dopamine system in hemiParkinsonian monkeys. Four
cynomolgus monkeys were given l-methyl-4-phonyl-
1,2,3,6-tetrahydropyridine (MPTP) (either 2.5 mg or
1.25 mg dose) directly into the left internal carotid
artery. Clinical assessments and PET scans were per-
formed approximately 6 weeks after lesioning. All four
animals exhibited right-sided flexed posture, bradyki-
nesis, increased tone, tremor; and three had cogwheel
rigidity. Using PET with 6-FD, the animals treated
with 2.5 mg of MPTP showed left-sided striatal 6-
FD-derived reductions (compared to the right) of 57%
and 77%; and the monkeys lesioned with 1.25 mg of
MPTP had left-sided reductions of 88% and 83%. In
both lesioned groups HPLC analysis of the left caudate
and putamen revealed greater than 95% dopamine loss
compared to control monkeys. On the right side, the
larger dose of MPTP caused 35% dopamine depletion
in the putamen and 75% depletion in the caudate; the
lower dose of MPTP did not cause contralateral dam-
age. These results demonstrate that unilateral admin-
stration of 1.25 mg of MPTP to cynomolgus monkeys
causes selective ipsilateral striatal dopamine depletion



associated with clinical signs of hemiParkitisonism.
Larger doses also cause some contralateral damage. Us-
ing the current, analytic techniques, 6-FD PET scans
accurately assess within 10% the relative dopamine de-
pletion produced by the lower dose of MTPP. When
larger doses are utilized, the depletion is underesti-
mated due to bilateral damage.

In further studies of the dopaminergic pathways we
have used positron emission tomography to study D-
1 dopamine receptors in hemiParkmsonian cynomol-
gus monkeys. SCH 23390 is a selective, stereospecific
D-l antagonist. Stereospecific binding measurements
have been obtained in vivo by performing PET scans
with the active enantiomer [UC]SCH 23390 and the
inactive enantiomer [22C]SCH 23388. Employing this
technique, direct assessment of the total and non-
specific striatal uptake enables the estimation of spe-
cific D-l receptor binding. Four monkeys were given
l-methyl-4-phenyl-l,2,3,6-tetrahydropyridine(MTPP)
(either 2.5 mg or 1.25 mg dose) into the left inter-
nal carotid artery. Clinical assessments and PET scans
were performed approximately 6 weeks after lesion-
ing. All four animals exhibited right-sided flexed pos-
ture, bradykinesia, tremor; and three had increased
tone with cogwheeling. PET studies showed a reduc-
tion of SCH 23390 specific uptake in the left stria-
tum when compared to the right by 75% and 79%
with the larger MPTP dose; and 54% and 59% with
the smaller dose. In vitro measures of D-l and D-2
receptors are currently being performed and will be
reported. Striatal dopamine determinations by post-
mortem HPLC analysis revealed almost complete ieft-
sided striatal dopamine depletion in the lower dose
animals with the right-side being unaffected. In the
higher-dose monkeys, there was contralateral striatal
dopamine loss that could result in an underestimation
of the left-sided striatal D-l reduction. These results
suggest that MPTP induces a loss of striatal D-l re-
ceptors in cynomolgus monkeys. It is possible that this
represents a loss of pre-synaptic sites on nigrostriatal
neurons or trans-synaptic degeneration. These findings
stand in contrast to in vitro studies in rodents and re-
cent post-mortem observations in patients with Parkin-
son's disease.

Transplantion of autologous adrenal medulla tis-
sue into the striatum has recently been proposed as
a treatment for Parkinson's disease. We have used
positron emission tomography to evaluate patients who
had adrenal implants placed into the right caudate.
6-(18F)fluoro-L-dopa (6-FD) scans were performed to
study the nigrostriatal dopamine system before and
six weeks after transplantation surgery. (68Ga)gallium-
EDTA (Ca) scans were also performed to assess the
blood brain barrier. Four men and one women, ages

35-42, had Hoehn and Yahr stages between I-IV. 6-
FD PET scans six weeks after surgery showed an in-
crease in striatal uptake in three patients but this was
virtually equal on the left as well as the right side.
Two patients showed decreased striatal uptake on the
follow-up study. The Ga scans performed on two pa-
tients showed breakdown in the blood brain barrier at
the site of the surgical tract. Increased uptake of 6-FD
also occurred in these areas. We conclude that 6-FD
PET scans did not show a consistent increase in stri-
atal uptake following adrenal medullary implantation
after six v.eeks. Further assessment of implant viabil-
ity with 6-FD PET scans after longer follow-up may
provide useful ir.formation since surgically induced ab-
normalities in the blood brain barrier will presumably
decrease with the passage of time.

Development of "C-labelled enantiomers of the D-l
(SCH-23388 and SCH-23390) and the D-2 (FLB-472
and raclopride) continued. As part of this work an
automated system for trapping and dispersing ' ' C O T
was designed and constructed and is currently under-
going testing. With the increased interest in (!ftF)L-6-
fluorodopa as a scanning agent an improved synthesis
was incorporated this year. It is based on the dcmetal-
lation of a Hg-derivative which gives only one isomer
and in higher yields. Steps were taken to make the syn-
thesis suitable for automation.

As part of the efforts to quantify the fluorodopa
scans a more complete understanding of the distribu-
tion of fluorodopa and its metabolity is required. Anal-
ysis of blood samples for metabolities continued so that
the input function could be corrected for the presence
of 3-Omethylfluoride (3-OMFD) which is produced in
large amounts in the peripheral tissue. The presence of
3-OMFD in the brain contributes to the background.
In an effort to validate the correction process for 3-
OMFD in the blood and brain, 1SF-Iabelled 3-OMFD
was synthesized and preliminary scans begun.

Tomograph design

To support the ongoing PET medical research at
the ACU hospital a proposal was submitted to the
Medical Research Council to design and build a new
PET tomograph at TRIUMF. Following notification
from the MRC that a visiting committee would come
to review the proposal in March, the efforts of the
group were concentrated on preparing the best possi-
ble head PET instrument design for presentation. The
design incorporated several advanced features which
were subsequently presented in a paper at the Nu-
clear Science Symposium [Rogers el al., IEEE Trans
NS, in press]. Although the visiting committee recom-
mended partial funding of the proposal, it was turned
down flatly by the MRC in Ottawa. The principal crit-



icism of the committee was that the proposed design
would be too slow to handle the peak data rates en-
countered in 15O scanning. Following the committee
review, a prototype gantry was built at TRIUMF to
test two of the new gamma-ray detectors under real-
istic scanning conditions. Using a TRIUMF volunteer
who had been injected and scanned at the ACU under
the "normal subject" protocol, singles and coincidence
counting rates! were measured in the prototype gantry.
Although the detectors performed well from the point
of view of spatial resolution, scattered radiation pro-
duced a large subthreshold counting rate which did in-
deed compromise the high-rate capability of the detec-
tors. The logical solution to this problem is to replace
the slow NAI scintillator in the detector by one with
a faster decay constant. Continued development of the
position-sensitive detectors will continue if our NSERC
proposal to fund such a development is successful.

The development of software algorithms for process-
ing PET and SPECT scan data into images continues
as an active area of research. Monte Carlo simulation
has been used to develop two new algorithms for three-
dimensional imaging. The first algorithm, which uses
an iterative technique to incorporate additional events
into the in-.age, was also reported at the Nuclear Sci-
ence Symposium [Kinahan and Rogers, IEEE Trans
NS (in press)]. A second algorithm, which adapts a
technique developed for magnetic resonance imaging
(MRI), is presently under development as a Master's
thesis project. Scatter correction techniques applicable
to 3D imaging situations are also being actively studied
as part of another student's graduate research.

A VME-bus-based hardware and software system
was developed to serve as a high-speed event processor
for PET data acquisition and analysis. The system pro-
cesses acquired events with projections in real time as
the first step in 3D image reconstruction . The design
philosophy and preliminary performance figures were
reported at the NSS and also at the IEEE Realtime
Systems Symposium [Wilkinson et ai, IEEE Trans NS
(in press)].

TRIM and beam line 2C

An important milestone achieved by the TRIM group
in 1988 was recognition by the medical community
of TRIUMF's unique interdisciplinary contributions
to heart disease research. This helps to validate the
concept of institutional collaboration for medical re-
search. Our dedicated proton beam line (2C) was used
in exploratory work for medical radioisotope produc-
tion and characterization for possible proton radiother-
apy. The following paragraphs detail our efforts in the
pharmaceutical, radioisotope and beam development.

The ongoing TRIM-related heart disease research
program was awarded two prizes in 1988. These were
the Norman Poe Memorial Award and the UI1C Fac-
ulty of Medicine Award. Both were given for experi-
ments which show that ischemic heart disease can be
detected early using I23I phcnyl fatty acids. Impor-
tantly, the I23I agent allows the detection ofheart dis-
ease before classical clinical signs are evident and be-
fore other modes of clinical detection are effective.

In the past emphasis has been placed on rapid, ef-
ficient production of 123I pharmaceuticals, using rapid
(kit) type processes. These processes are particularly
applicable to the use of 123I by public hospitals. This
kit development program passed a benchmark when a
mercury thiol kit for I23I phenyl fatty acid was devel-
oped for Vancouver General Hospital. It is now used
routinely there. The resin kit is a sophisticated sys-
tem for supplying "no carrier added" (NCA) radio-
pharmaceuticals and it is a prototype for other sys-
tems that can be developed for labelling NCA receptor-
binding Pharmaceuticals. Rosin-produced phenyl fatty
acids have provided superior heart images and raised
basic questions concerning the reasons for these re-
sults. Growing experience of the TRIM group in kit
methodology is now applied increasingly to basic re-
search problems.

Another program arising from heart research seeks
to develop 123I iodoglucose analogues. Ischemic heart
tissue metabolizes predominately glucose compared to
fatty acids. For many years [18F]FDG hr.s been known
as an excellent imaging agent for ischemic heart tissue.
This has prompted attempts to find a corresponding
SPECT, glucose analogue for routine use in hospitals.
Several known iodoglucose analogues were found not to
accumulate in the heart; this had been reported earlier
in the literature. However, upon synthesizing several
original analogues, we found one which gives a high
heart to blood localization ratio. Research in this area
is being aggressively pursued in the group.

One of the principal objectives in the development of
the 70-120 MeV beam line 2C is the exploration of now
production reactions for commonly used radioisotopes,
and it is hoped some new useful species will be found
a bit further from the stability valley by using higher
proton energies. This yer.r we have measured the cross
sections for the production of 20lTI from natural lead,
1S6Re and 18SPt from iriditim and n C by spallation
of oxygen in the facility cooling water. The interest in
thallium production by this method is the possibility
to drastically reduce the natural thallium carrier in
the final product. A possible therapeutic agent, 186Re
proved to have a disappointingly low cross section at
90 MeV, but 18SPt can be made in large quantities for
use in some chemotherapeutic tracer studies. A simple
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scheme for sweeping n C from the solid target facil-
ity cooling water in the form of COT will yield about
0.25 Ci/fiA at saturation, a quantity much higher than
is available at other TRIUMF facilities. Specific activ-
ity remains to be measured in the new year.

In May, 72 and 100 MeV, 100 pA to 3 n A beams were
brought into the beam line IB experimental area for
evaluation as a possible proton tumour therapy facility.
The experimental set-up approximated what would be
used for treating ocular melanoma except for modula-
tion or range "flat-topping". Four measurements to es-
tablish beam suitability were made: ionization density
(Bragg) curves, lateral definition along the range curve,
repeatability of beam position, and subsidiary neutron
dose at therapeutic proton beam levels. Bragg curves

shown in Fig. 85 reveal a very high-quality beam. The
distal edge of the curves drops from 90% to 10% in
1.6 and 2.3 mm, water equivalent, respectively, which
means that effective tumour treatment can be carried
out this close to critical organs in the head and neck.
The lateral beam definition is 4 mm full width at 10%
of maximum, symmetrically with suitable collimation.
Spots up to 1 cm2 have non-uniformity <10% for 80%
of the beam throughout the range curve. This beam
could be turned off and on, over a period of an hour
with position stability of a fraction of a millimeter. And
finally the subsidiary fast neutron dose at the patient
position was found to be <0.1% of the proton dose.
This work has been submitted to the Cancer Control
Agency of British Columbia for their consideration.
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SITE SERVICES AND ADMINISTRATION

Site services

Site Services supports TRIUMF research by provid-
ing safety, machine shop, and drawing office services as
well as scheduling. The design office are standardizing
on AUTOCAD design programs, and the machine shop
has begun to study means of interfacing to this data
base. The utilization of these services by cyclotron,
users, PDS and the TR30 projects is a complex effort
and requires innovative action.

Safety program

Licensing

During the week of March 14-18 a team consist-
ing of the project officer and a memberr of RPD from
the Atomic Energy Control Board conducted a Health
Physics appraisal on the radiation protection program
associated with the TRIUMF 42 MeV cyclotron facil-
ity. Their findings, expressed in a draft report in June,
were generally favourable, a'though several valid rec-
ommendations were made that included setting up a
more effective training program.

During the second quarter the TRIUivfF operating
licence was reviewed by the Atomic Energy Control
Board and was extended until December 1, 1989.

TSG new roles

Early in July the Safety group reinstated regular
safety meetings at a frequency of one every two weeks.
The minutes of these meetings were used as TSG re-
ports for the TRIUMF Safety Advisory Committee
meetings. Copies of TSG reports were also sent to Op-
erations for information.

The status of safety at TRIUMF was also reviewed
and two major deficiencies were identified:

• poor housekeeping and associated hazards
• ineffectiveness of irregular incident reporting to su-

pervisors

A coincident inspection by the Workers' Compensation
Board of British Columbia resulted in many deficiency
citations warranting immediate action. This sequence
of events further strengthened our conviction that
something had to be done. It was recognized that con-
structive changes in safety could only be achieved by
having upper management directly involved in safety
matters, so that safety awareness would spread down
the organizational ladder to all employees. To achieve
that, two major changes were introduced:

• a new TRIUMF Safety Deficiency Report form was
produced and now requires the attention of Division
Heads

• participation of the Head of TSG, the Head of
Operations and the Chairman of TAPC in the Division
Heads meetings to discuss safety matters

So far, the response to these changes has been positive.
Steps were also taken to make TRIUMF safety

lectures more effective, thus complying with AECB
recommendations. To that effect, a full-time "Safety
Training Officer" has been hired; he joined the Safety
group on November 2 and has already given two lec-
tures to a total of 38 persons selected as WHMIS co-
ordinators by the Division Heads.

An updated version of the TRIUMF Occupational
Health and Safety Handbook has been completed in
the fourth quarter and is now being distributed to
new employees and experimenters. The new TRIUMF
Safety Report is close to completion. After several re-
views by TSAC the TRIUMF Policy on Safety in the
Workplace is now complete.

Interlocks

The TISOL area access interlock requirements have
been expanded to include a "special access mode". This
mode allows access to the TISOL area if the two up-
stream beam blockers are "in" and the cyclotron vault
dipole "4VB1 is "off". In addition, the key release en-
able for the TISOL confinement room has been sepa-
rated from the rest of the 4A TISOL area. This allows
much greater control over who enters this potentially
contaminated area.

The M9 channel access control system has been com-
pletely rebuilt to accommodate the two legs iii the new
layout. Each leg has an area safety unit to control the
leg lockup, the 1AT2 beam blocker and the leg beam
blocker. When commissioned access will be permitted
to either area while the other is operating provided tiie
leg beam biocker is "in". The control of the M9A and
M9B leg area safety units has been implemented in a
STD-BUS microprocessor system.

M15 has been modified to allow better access to the
area. Both M15 and M9 incorporate a function to send
a signal to the central safety system to warn the oper-
ators if there is a failure in the ASU.

Work has been started on the radiation monitoring
system and the safety interlock system for the TR30
cyclotron.

Personnel dosimetry

The total man-dose as measured by the Bureau of
Radiation and Medical Services (BRMD) badges for
1988 was 1104 mSv compared to 901 mSv in 1987. The
breakdown of dose according to groups as measured by



Table IX. Cumulative dose (DRD) for TRIUMF groups.
1.5

Group

Nordion
Applied Programs
Operations (500 MeV)
Remote Handling
Diagnostics
Experimenters
Beam Line Engineering
PET
Safety
RF
Plant
Engineering Physics
Vacuum
Others

Total

Dose
(mSv)

168.1
131.0
74.0
63.8
50.0
45.3
58.9
16.9
31 9
37.9
28.8
16.9
26.6

120.9

868.0

Median
dose

(mSv)

7.11
9.11
3.60
6.20
6.17
0.7
4.53
2.84
2.84
1.78
0.87
1.83
5.15
—

0.51

Fraction

(%)

19.3
15.1
8.5
7.3
5.7
4.9
6.8
1.')
3.7
4.4
3.3
1.9
3.1

13.9

100.0

the direct reading dosimeters is given in Table IX. Only
PET and Engineering Physics showed a reduction of
accumulated dose in 1988 compared to 1987. The high
DRD dose to the Beam Lines Engineering group was
accrued mainly from work on the alternative extraction
system. Overall, the CP42 group's dose increased by
10% while the 500 MeV group's increase was 31%.

Figure 86 illustrates the cumulative dose-equivalent
trend for 500 MeV operations group and CP42. The
former showed a substantial increase for 1988 while the
latter indicates a consistently smaller dose increment
over the years. Figure 87 shows the dose frequency dis-
tribution of individual dose-equivalents as measured by
the BRMD badges.

Radiation monitoring

The vehicle gate radiation monitor detectors were
detached from the vehicle gateposts and attached to
separate supports. This reduced the number of false
trips caused by excessive vibration when the gate is
closed.

Several neutron/gamma surveys were performed in
the M9 area while decay muons were extracted alter-
nately in A leg and B leg. In addition an aerial neu-
tron field mapping of the meson hall at the mezzanine
(counting room) level was performed. The measuring
technique was somewhat primitive but effective. It con-
sisted of an Anderson-Braun type neutron monitor, at-
tached to the 50-ton crane hook, that was moved to
several points. The scale reading was done with the
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Fig. 87. Dose frequency distribution of cumulative annual
dose as measured by BRMD badges.

aid of a telescope. The main finding from this survey
was a weakness in the shielding of the A leg. After
adding concrete shielding, packaging the second dipole
upstream with polyethylene and filling up the gaps, the
highest neutron dose-equivalent rate at the railing of
the mezzanine was reduced to 6 //Sv h"1 . The local
neutron monitor was relocated to read this maximum
dose.

The neutron/gamma dose-equivalent monitoring for
operational personnel in the Batho Biomedical Facil-
ity treatment room was performed before and after
the shutdown. The neutron field measurements in the
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treatment room before and after upgrade of M8 re-
mained unchanged. At the pion beam port the n/7
field was 1.00/0.35 mSv h"1. Compared to the fields
measured in 1986, however, the n/7 field has doubled
in 1988. This obviously suggests that the earlier shield-
ing configuration was more effective. Several discrep-
ancies between measurements made with the Landauer
Newtrack-Elt and CRNL BD-100 bubble detector were
noted, with a closer agreement between BD-100 and
the Anderson-Braun area survey.

The new method of using automated, digital data
techniques to perform tank radiation surveys has
proven quite successful. Contour plots are produced
within an hour of completing radiation surveys. The
new plots show considerably more resolution than
those obtained from the old method, whereby a limited
number of data points were taken from chart recorder
output and manually entered into the plotting pro-
gram.

Some progress has been made on the Jll-Starburst-
based radiation monitoring system upgrade. A proto-
type NIM module to be used as a geiger tube pulse
driver has been successfully tested, and several soft-
ware problems encountered during the initial stages of
development have been overcome. A detailed design
note dividing the project into six distinct phases has
been written up. Phase 1 is complete; phases 2 and 3
are both under way.

Assaying laboratory

There was a full load shipment of radioactive waste
to Chalk River Nuclear Laboratories. This shipment
consisted of cyclotron/beam line components and labo-
ratory wastes, packaged in 28 units of 45-gallon drums,
4 coffins and one 5-gallon pail placed in an F-308 shield-
ing flask. Each of these containers was analysed by
7-spectrometry and the main radionuclides identified
were: 60Co, 58Co, 57Co, 65Zn and E4Mn, totalling 6.0
gigabecquerels. The net radwaste weight was 3500 kg.

Industrial health and safety

Accidents/injuries totals. A total of 156 work-related
injuries were treated by TRIUMF first-aid attendants
in 1988, up 22% from 1987. There were 5 disabling in-
juries which resulted in a total of 73.5 days lost time, up
19% from the previous year. Hand injuries accounted
for 62% of all injuries treated, comprising a larger com-
ponent of the injury total than that experienced in
1987 (50%). Eye and head injuries were reduced by ap-
proximately 5%, numbering 5 and 4, respectively. Back
injuries almost doubled in number over the previous
year to 23. Further medical attention was required in
the treatment of 19% of all reported injuries in 1988.

Frequency/severity rates. Although the injury and
time lost totals rose in 1988 an increase in the number
of personnel at TRIUMF compared to 1987 accounted
for only slight variation in the rates of frequency and
severity. The general annual frequency rate was 17.8
injuries per 100 workers compared with 17.6 in 1987.
The severity rate or time lost due to injury decreased
to 8 days time lost per 100 workers from 8.5 days in
1987. Statistical forecasts indicate a slight reduction
in frequency coupled with a slight increase in severity
rate if current trends continue.

TRIUMF Accident Prevention Committee.
The TAPC continued to meet and perform regular site
safety inspections. Safety infractions observed during
these inspections resulted in the issue of 120 safety de-
ficiency reports to appropriate personnel. The reports
were tracked and approximately 90% of the infractions
cited have been resolved or remedial action is ongoing.
The committee was expanded during the fourth quar-
ter of the year from six members to eight to accommo-
date the increasing number of facilities and personnel.

WIIMIS. The Workplace Hazardous Materials Infor-
mation System, joint Federal and Provincial legisla-
tion, took effect this fall and is designed to provide
information on hazardous materials used in the work-
place. Co-ordinators were appointed and the TSG im-
plemented a training program. The co-ordinators are
responsible for maintaining material safety data sheets
for all controlled products in their areas, ensuring that
materials are labelled in accordance with the legislation
and training workers within their area of responsibility.

Building program

General arrangement drawings for the 30 MeV cy-
clotron vault and the building extension of the Chem-
istry Annex to house production facilities for Nor-
dion International Inc. were prepared. Nordion Inter-
national is the new name of the AECL Radiochemi-
cal Company. These drawings were developed during
weekly sessions of the 30 MeV Building Committee
and are now ready for detailed design by architectural,
structural, mechanical and electrical consultants.

Preliminary layouts for the KAON Factory were pro-
pared. This work will be continued by UMA Spanter,
the consulting firm engaged in the Project Definition
Study phase of the KAON Factory.

An office trailer complex consisting of eight trailers
with a combined floor area of 4536 ft2 was installed
on the south side of the TRIUMF site, adjacent to the
existing trailer complex Gg. These trailers are now oc-
cupied by sections of the Electronics group, previously
housed in trailer Hh, which is now available for sci-
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enlists and engineers working on the KAON Factory
project.

A light frame structure building nexf to the remote
handling building was erected for the regular mainte-
nance work on the main cyclotron hydraulic jacks.

Special shaped reinforced concrete shielding blocks
for the M9 beam line were detailed and built during
the year.

Design office

The majority of Design Office effort (about 60%) was
divided equally between the Cyclotron and Experimen-
tal Facilities Divisions. Projects for the Cyclotron Di-
vision included a redesign proposal for the vertical sec-
tion of the injection line, ion source development and
the beam line 2C extraction probe. In addition, three
designers assisted with the rebuilding of the cyclotron
lifting jacks. Experimental Facilities work included the
ECRV (off-line) source, the ECR (on-line) source and
tape collector for TISOL, the SASP clipole (continued
from last year) and quadrupoles, plus the RMC drift
chamber installation.

Applied Programs Division effort consisted of a
whol;-body PET prototype, a multi-target manifold
for PET radioisotopes, and extensive modifications to
the solid target facility to be used on the CP42 and
proposed TR30 cyclotron.

Work on the TR30 began in earnest during the third
quarter and accounted for almost 20% of total effort
for the year. The project, is being done completely on
AUTOCAD.

Macliine shop

The 26-man TR1UMF machine shop produced ap-
proximately $1.15M worth of fabrication and machined
components during the year for on-site groups. It
was fully loaded throughout the year; an additional
$186,000 worth of work was subcontracted through
the machine shop to local industrial machine shops.
A machine shop utilization chart showing the percent-
age breakdown by Divisions and other groups is given
in Table X.

One of the major jobs this year was the fabrication
of a prototype KAON Booster cavity now nearing com-
pletion. Other specialty techniques were in very high
demand: fine welding and soldering, machining and as-
sembly of cryogenic components.

The reorganized tool store and inspection depart-
ment provided a much better service, which helped
improve overall efficiency.

Taole X. Machine shop utilization (%).

Cyclotron
Experimental Facilities
Science
AECL
Affiliated institutions
NSERC
Applied Programs
Technology & Administration
Other

Total

47.1
23.9
8.7
6.8
4.7
4.2
3.6
0.9
0.1
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Planning

In 1988 considerable effort was spent in planning and
co-ordinating the shutdown activities for the spring
and fall shutdowns, and drawing PERTs related to the
cyclotron, experimental facilities, 30 MeV cyclotron
and KAON Factory PDS. One paper covering the co-
ordination aspects of projects in R&D environments
was written for INTERNET/88 (Int. Conf. on Project
Management) at Glasgow, Scotland, and another re-
lated to the KAON Factory at TRIUMF. A paper en-
titled "Logistics of procuring over 1200 magnets for
the KAON Factory" was presented at the KAON PDS
Magnet Design Workshop held at TRIUMF in Octo-
ber.

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 Planning's effort is as follows:

M9 superconducting channel
Quantigraph/brain PET project
Radiative muon capture
Second arm spectrometer
TISOL facility
30 MeV H~ cyclotron
KAON Factory Project Definition Study (KFPDS)

Shutdowns were scheduled in the spring (March 27-
May 12) and fall (October 28-December 2). The high-
lights of these shutdowns are as follows:

In the spring shutdown the cyclotron tank work was
done between April 5 and April 19. The major ac-
tivities completed include: replacement of faulty ele-
vating jacks, booster hole, MRO on probes, correction
plates, wireways, iSIS, POLISIS, controls, remote han-
dling development work and AES 10 (iA tests and third
harmonic tests. The work in the meson hall was mainly
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around the 1AT2 area, costing a considerable man-
dose. The major jobs completed include the installa-
tion of M9, M8 triplet overhaul (service modifications),
1AW1 upgrade work and other MRO jobs. Proton hall
activities included TISOL installation, crane modifica-
tions, 4A LD2 work and other MRO jobs.

In the fall shutdown the major emphasis was on the
rf tests. Lid-up jobs were done from November 1-13.
The major cyclotron activities completed include re-
pair of the booster hole, EX-4 transition plate work,
EX-4 gate valve leak repair, 4L5 modifications and
MRO work on rf, probes, correction plates, wireways,
thermocouples, T/H terminations, ISIS, POLISIS, re-
mote handling, vacuum and controls, etc. Most of the
activities in the experimental halls were MRO jobs.
The shielding blocks were moved back in on November
23-24. The major jobs completed include: 2C combi-
nation magnet, 1BVB3 changes, repair M13VB1, TNF
window leak repair, M9B1 water leak, M9A beam
blocker, 1AM10, TISOL bypass line and other MRO
jobs (changing hoses and flow switches).

Cost Centre analysis

The workload in the Machine Shop was quite heavy
and approx. 2.5 man-years equivalent work was sub-
contracted out to local machine ships. All the 30 MeV
cyclotron work is being done at Ebco. Since Septem-
ber up to three designers have been working on the
30 MeV. One designer worked fuil time on CP42 and
the rest of the Design Office effort was spent on jobs
related to the cyclotron, experimental facilities and ex-
perimental support.

Administration

Administration monitors the budget details of the
project and centralizes purchasing and personnel ac-
tivity. The administrative computing needs are grow-
ing and personnel records data base is being folded
into the administrative system. Techniques have been
set up to handle the details of both the PDS and the
TR30 project as well as the normal NRC and NSERC
funding details.

Accounting

As TRIUMF worked its way through the third year
of severe financial restraint, the Accounting Depart-
ment worked at improving the timeliness and quality
of the information produced so that decisions can be
made by TRIUMF management and account holders
on quality information presented quickly and in a use-
ful and meaningful form.

As the KAON PDS and Ebco (TR30) projects came

on line, additional demands were placed on staff and
system, and both lived up to expectations. It has been
possible to provide both groups with the specialized
reports and information requested while folding their
day-to-day requirements in with the balance of Ac-
counting's work.

Accounting continues to provide assistance to ADP
in their developmental work on the payroll/personnel
and stores programs. In addition, as ADP provide more
programs and facilities designed or added specifically
to increase the automony of TRIUMF's end users on
the MIS system, Accounting staff has provided the in-
struction to all personnel interested in using the facil-
ities.

Administrative data processing

During the past year the system/38 has undergone
significant hardware expansion, to allow additiona'
software systems to be put in place. Both the CPU
memory and disc storage were doubled (to 6 MB and
1.454 GB, respectively). This provided sufficient com-
puting power and storage to put the new personnel
system into production and to allow work on the stores
and inventory system to proceed, and has ensured that
existing systems could continue to be used with accept-
able performance.

Initial data entry for the personnel system was com-
pleted, and data verification was being undertaken at
the end of the year. Development of the stores system
had also begun before year-end.

A number of enhancements were made to the Ac-
counting system, predominantly in the accounts receiv-
able area, to give additional flexibility; other improve-
ments were made to handle PDS and Ebco (TR 30)
reporting.

Groundwork was also laid for connecting the S/38 to
TRIUMF's Ethernet and PACX systems (on a trial ba-
sis), to allow data enquiries to be made from anywhere
on site.

Materials management

Purchasing has subscribed to the B.C. Government
Supplynet information network, to further enhance
sourcing of materials and services available in the
Province. Data transferred from the S/38 system to
PC-based program applications now provide statistical
analysis of order processing and evaluation of supplier
delivery performance.

Receiving/Shipping added a transit holding area for
incoming gas bottles to facilitate growth in volume
and to ensure immediate and authorized user access
to new supplies of gases. To provide strict compliance
with new stringent. Government regulations regarding
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handling of dangerous substances, staff attended in- connected through PACX, which allows Stores cata-
house seminars, and procedural changes need to be in- log search on the VAX for users. This look-up facility,
troduced. which provides a simple string search, is an interim so-

lution only until transfer of Stores system from MTS
Stores has enlarged its service counter to accommo- to S/38 is completed. It is also available to all users

date growing traffic and to install a computer terminal, having a PACX access terminal in their office.
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CYCLOTRON DIVISION

INTRODUCTION

During the first part of the year great effort was ded-
icated to restoring the cyclotron to normal operating
conditions, after the failure of the magnet structure
elevating system in October of 1987. The inability to
lift the tank lid during the fall 1987 shutdown had left
the rf resonator cavity in an unstable, non-optirr.ized
mode. Prior to the spring shutdown four new 100-ton
Duff-Norton jacks were ordered, and during the shut-
down these were installed and 20 of the original 100-ton
Limitorque units were overhauled. The lower bearings
were removed and replaced with ball-thrust type units.
In addition, hardened journal sleeves were installed for
better support of the side loads. The controls of the
elevating system were also improved and by the end of
April the elevating system was again fully operational.
Future routine overhaul of the elevating jacks as well
as the availability of four serviceable spare units will
ensure a reliable system that, in case of a failure, can
be repaired with minimum downtime.

There was not enough time during the spring shut-
down to complete the work on the resonator system,
which had to be operated in a relatively high leak-
age mode until the fall shutdown. During this shut-
down a distorted resonator segment was repaired, the
rf contacts between central region quadrants were re-
established, and the overall dee alignment reoptimized,
so that low rf leakage operation was restored and stable
operation achieved with maximum segment tempera-
tures below 80°C. The low leakage condition is very
important in view of the planned insertion in the vac-
uum tank of additional devices for H~ extraction.

Another effect of the 1987 failures and of the un-
planned cost of the repairs was a difficult fiscal year
year-end situation which slowed down development ac-
tivities till April 1. This was followed by a severely re-
duced 1988/1989 budget where several major projects
had to be either cut or substantially reduced. Projects
where funding was suspended included the 500 //A high
intensity upgrade, the cyclotron vacuum upgrade, the
diagnostics upgrade, and the vertical injection line up-
grade. The alternative extraction project was reduced
to fund the rf booster (or "acceleration enhancement")
cavity only. The high intensity polarized source in-
stallation project was limited by a subcritical funding
level where the superconducting solenoid necessary for
higher polarization could not be installed during the
1988-89 fiscal year. The newly established beam stabil-
ity and quality upgrade project and the third harmonic
rf fiat-topping project budgets were reduced to allow

only a minimum level of studies to continue. Work was
allowed instead to proceed on a few additional rf seg-
ments of the new type for the resonator program and
towards the first year of a four-year controls upgrade
project.

During the second part of the year, with the es-
tablishment of the KAON Project Definition Study
and the funding of the 30 MeV 400 /iA cyclotron
as an Ebco-TRIUMF collaboration, priorities had to
be re-established and resources redistributed to allow
these new activities to proceed without jeopardizing
cyclotron beam production or major projects essential
for reliability and the continuation of our scientific pro-
grams. High priority was therefore given to:

1) Cyclotron reliability

The overall level of beam availability wa.s maintained
at 88%, same as in previous years. The total integrated
production charge resulted to be 366 mAh, well above
the record 331 mAh of 1987. The rf was the major
cause of downtime, although there was a tendency to
improvement toward year-end. Most failures occurred
in the amplifier system, where the instability of the
resonant mode in the rf cavity may have exposed the
controls circuitry and the component regulation system
to a higher than usual rate of intervention. A retiming
operation of the amplifier system was initiated, and
fault diagnostics installed, during the fall shutdown.
Another system of concern for reliability was the high
intensity beam line where the beam line protection sys-
tem was not able to avoid a substantially misaligned
high intensity beam hitting the support, frame of a
protect device upstream from the target. 1AT2. Fortu-
nately this caused only limited damage to components,
but. potentially component damage could have led to
an extensive unscheduled shutdown.

2) Support of PDS effort

Several key individuals, professional and technolo-
gists, were assigned full time or part time to the PDS
effort. In particular the Alternative Extraction Task
Force was made responsible, with added resources, for
the project definition of the H~ extraction. By year-
end several layouts of extraction components had been
explored, and the effect of the rf booster on the ex-
tracted beam properties studied, the studies aiming
at the definition of a reference design for the H~ ex-
traction. Voltage-holding properties of the electrostatic
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channel were improved <cu 4u li(< were under way re-
garding aii magnetic clsaiuicf ,,s well as the extraction
beam lux1 opt ics.

,'!) Major j>rojects

Emphasis was maintained on four major projects:

(i) Resonator iinprovemeiit. program. Components
for eight resonator segments of the new type were or-
dered from Canadian Aircraft Products and manufac-
tured l>y year-end, ready for assembly at TRIUMF.
The aim is to have segments of the new type avail-

able for routine and strategic replacement, in key loca-
tions, of the original segments. The low leakage situa-
tion achieved during the fall shutdown with only eight,
segments of the new type, installed at. the centre of the
upper and lower quarter dee structures, will be further
optimized and more reproducible with a more stable
and better aligned system based on an increased num-
ber of new units.

(ii) Acceleration enhancement, cavities. The acceler-
ation enhancement {or rf booster) cavities will reduce
the number of turns and therefore reduce the stripping
beam losses at energies beyond 100 MeV. This will al-
low a reduction of dose exposures and a sharper micro-
duty-cycle time structure. By year-end cavity and hin-
plifier were in advanced state of construction. One out.
of the three new apertures required in Ihe cyclotron
vacuum tank for the cavity installation had been cut.
with semi-remote techniques. It. is expected that, the
system will be installed and commissioned by the end
o"r 1989.

(iii) Controls upgrade. The control upgrade project
is crucial for the addition of new systems like the op-
tically pumped ion source, or beam line 20, or Il~ ex-
traction devices. This project, was therefore given the
go-ahead in spite of the difficult budget and resource
situation. (Jood progress was achieved during the first,
year. A local VAX area cluster consisting of a VAX
3500 and several workstations was operating satisfac-
torily for several months. A serial CAMAC interface
was installed on the 3500, for access to beam line 2C
equipment. New developments, including the 14 and
20 control systems, were carried out. on this cluster
platform. Design work for the general device software
interface for direct VAX access to cyclotron equipment,
along with Oracle database developments, are also un-
der way using this platform.

(iv) Optically pumped polarized ion source. The
new source was installed in the new 300 kV termi-
nal and gradually optimized by measuring the polar-
ization and the intensity of the beam extracted from
the TRIUMF cyclotron. The maximum polarization as

measured on a beam line polarimeter with a 'I'M) MeV
beam of about 100 nA was T)l%. The polarization de-
creased as the current was increased by raising the in-
put H-j flow rale (I'-'I is approximately constant). This
is because much of the initial proton beam recomhines
within the sodium canal forming an impolarized neu-
tralizing target. The problem can be overcome with
a larger diameter canal and with improved extraction
optics. The f)l% polarization can be increased by using
a higher magnetic field and by enlarging the uniform
field region in a rebuilt. Wien filter. By year-end the
superconducting solenoid, which will allow the diam-
eter of the sodium canal to be increased by a factor
of three and the magnetic field to be increased by a
factor of two, had been delivered to the laboratory, its
performance had been tested and found in accordance
with requirements.

4) The 30 MeV cyclotron project

This cyclotron was designed to produce two proton
beams with energies up to 30 MeV and intensities up
to '200 //A in opposite beam lines for isotope produc-
tion. The two beams are extracted simultaneously by
stripping from an internal Jl~ beam of intensity up to
400 //A. Ebco, a Vancouver manufacturing company,
took over the ta.sk of manufacturing, producing and
marketing the cyclotron, with the aim of developing a
special high technology branch. The first cyclotron will
be delivered to Nordion, which already produces com-
mercial isotopes oti the TRIUMF site using a CP42
cyclotron. In December a contract was signed between
Nordion and Ebco establishing an 18-month delivery
clause for the 400 /<A cyclotron. TRIUMF will support
this effort by making available to Ebco, on a contrac-
tual basis, design effort and consulting.

The conceptual design effort proceeded during the
year with minimum resource allocation until, during
the fall, it appeared almost certain that a contract was
about to be signed. This allowed for the phase of de-
tail design and ordering of components to be started
vigorously in October. By year-end several major com-
ponents were either ordered or ready to be ordered. To
ensure the optimal and timely solution of the state of
the art aspects of injection and focusing of the high
intensity beam in the central region, it was decided to
build a 1:1 scale model of this region including an axial
injection system, a magnet and an rf system, acceler-
ating the beam through the first five turns to 1 MeV of
energy. By year-end a team including Ebco and TRI-
UMF personnel had been assembled and agreements
between TRIUMF, Ebco and Nordion were about to
be signed.

105



25000

V)

20000-

o>
a
_c

£
a
CD

m
_>s 5000-

15000-

10000-

i . i . I i i i i I i i . i I i i i . I i i r . I, , , . I i , i , I i , i i I i , i i I i . i i I i

427565 p* Hrs. Scheduled

366000 lA Hrs. Deivered

5O0K

- 400K

- 300K

0 I'IYI'I'I'I'I'I i | iT1! i ! i i i i ! i

0 5 10 15 20 25 30 35 +0 45 50

WEEK
Fig. 88. 1988 beam delivery.

- 200K
a
E
a
cum

- 100K _

o
o

0)
CL

o

O

200

175 -

150 -

125 -j

100 -

75 -_

50 -_

2 5 -

0

I . ! , • , ! I , • . , I , , , , I I , , , I , I , , I . , . , 1 I . I . I , . . • I • . . . I . . .

J: Poionree 62515 Hrs Scheduled ( M i . o . J39'.j POL)

f ] Unpotonzed 5A87.6 Hrs. Delivered (W4i ' + 2ui& PO.)

fLsJJjs Js1 1 ' ' ' ' i ' ' ' ' r ' ' ' i ' ' ' ' i • ' • ' l ' ' ' ' i • ' ' ' i '
5 10 15 20 25 30 35 40 A

WEEK
Fig. 89. 1988 hours of operation.

- - 8000

- 7000

7 60CC

- 5000

- 4000

1 3000

t- 2000

- 100C

0
50

816 STARTUP
163 7 01 HER
213 6 OVERHEAD

155 CORRECTION PLATES
3 95 SArfT i
6 9 INFL.LCTO&

7 6 TARGES
12 4 BLAV TRIPS
12.5 VACUUW
16 9 SERVCES

25B OTH[»
32 35 BUMLWfS
35 0 PS * O C MAGNET
36 6 DIAGNOSTICS
39 9 CONTROLS
62 6 ISIS

29105 RF
J 5B5 3 T07AL

488 2 UAINTENANCt

Fig. 90. Operational hours for 1988.

106



BEAM PRODUCTION

Beam production in 1988 was 366.0 mAh (Fig. 88).
This was ~10% higher than the previous record, pri-
marily due to a very successful summer run of high-
intensity operation. During this period the cyclotron
performed very well, and twenty-five cancer patients
were treated without any loss of treatment days. The
total downtime for the year was 585.3 h.

The cyclotron was operated for 5488 h with an avail-
ability of 88%. High-intensity unpolarized beam was
delivered for 3346 h, and polarized beam was delivered
for 2142 h (Fig 89). The new optically pumped polar-
ized ion source was on line for commissioning tests for
about 166 of the 466 h of beam development.

There were two semiannual shutdowns totalling
1884 h, which was slightly less than for the previous
year. The emphasis in the spring shutdown was on the
repair of the elevating system, the cutting of a hole in
the cyclotron for an rf booster, and the installation of
the superconducting solenoid in M9. In the fall shut-
down the emphasis was on rf improvements.

The downtime for 1988 is shown in Fig. 90. More
than 50% of this was due to rf problems. On two oc-
casions in the first half of the year capacitor stations
in the transmission line failed, requiring in excess of
12 h each to repair. In addition, due to a late start-
up following the spring shutdown, the rf cavity perfor-
mance was poor with many interruptions. After several
weeks of on-line tuning the rf stability improved and
was reasonable throughout the summer. After the fall
shutdown the rf cavity tune was better than it has ever
been, with low leakages and reduced temperatures in
the cyclotron. There were several component failures
in the power amplifiers that also contributed to the
high rf downtime.

The extraction probe for beam Sine 1A failed in
September, and required an emergency lid-up to repair
a fault in the radial drive. Although this was scheduled
around maintenance activities to reduce the impact on
the experimental program, 81 h of scheduled beam was
Io«t.

Table XI shows the total beam delivered to each
experiment during the year. A brief summary of the
year's operation from Dec. 27, 1987 to Jan 1, 1989 is
as follows:

hours
Cyclotron ON

Beam to experiments 4865
Development 466
Tuning 157

hours

1884
488
585
459

3416

Total 5488

Cyclotron OFF
Shutdown
Maintenance
Downtine
Overhead, start-up, etc.

Total

CYCLOTRON SYSTEMS

RF

The number of faults in the main rf system this year
was down from those encountered previously. The ma-
jor ones were:

1) Failure over the year of 5 large vacuum capaci-
tors in the final combiner and transmission line. The
failures appeared to be under transient conditions fol-
lowing sparking in the resonator.

2) Arcing under transient conditions caused a water
leak and the failure of the output circuit in one power
amplifier.

3) Malfunctioning of the 3-way valve in the resonator
cooling/ frequency control system, which requires pe-
riodic rebuilding.

4) Failure of one power amplifier tube after a rather
outstanding 80,000 h lifetime.

Two persistent problems with the rf system led to
the decision to devote the fall shutdown to a major ef-
fort for their solution. Firstly, effort was concentrated
on the stray rf fields exciting parasitic oscillations in
the cyclotron vacuum chamber outside of the rf funda-
mental resonating cavity. T'.iis phenomenon was pre-
viously studied and reduced but a test several days
long was needed to provide a low leakage regime that
could be maintained operationally. Secondly, attempts
to raise the dee voltage to 100 kV or higher for in-
creased energy gain per turn led to excessive screen
currents in the power amplifiers; the system needed to
be properly retuned. Thus, the purpose of the shut-
down, besides regular maintenance, was:

1) Obtain minimum rf leakage in the resonator by
thorough realignment of the resonator segments and
a search for a pattern which gives minimum leakage
through the beam gap while maintaining structural
symmetry - essential to keep the voltage distribution
on the two dees balanced.

2) Tune the rf amplifiers and combiners to permit
amplifier operation at full design power (1.8 MW), thus
raising the operating dee voltage. This job included
mechanical modifications to both the combiners and
the power amplifiers.
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Table XI. Bea.u to experiments for 1988.

Experiment*

286
287
300
304
331
342
359
367
371
372
375
398
398
400
401
413
414
420
421
422
428
430
432
433
435
441
442
443
443
445
446
446
447
450
450
452
453
454
459
461
462
466
469
469
469
472
473
474
475

Channel

M15
4A
4B
M15
M i l
4B
4B
M20
M13
4A
M i l
M15
M20
M13
4A
4B
M i l
M15
4A
IB
4B
4B
4B
4B
4B
M i l
M i l
M i l
M13
M i l
M13
M i l
M20
M20
M15
M9
M20
M9
4B
M15
4B
4B
M13
M15
M20
4B
4B
4B
4B

h

323.0
70.0
35.0

1071.5
358.0

158.5
150.0
289.0
173.0
269.5
359.0
338.5
161.0

265.0
304.5
162.5

35.0

24.0
35.0

575.5
220.0
46.0

127.0
550.0

142.5
446.0
323.0
128.0
165.5
200.5
93.0

116.0

196.0
504.0
277.0
564.5
138.0

264.0

Scheduled

h (pol)

12.0

116.0
46.0
23.0

35.0

197.0
266.0

47.0

242.0
126.5

162.0

301.0

58.0

197.0

266.0

94.0

//Ah

36690.0

148320.0
50120.0

23775.0
21000.0

15690.0
37215.0
5o230.0
45605.0

41240.0
44215.0

86325.0
23000.0
4600.0

19050.0
80810.0

18165.0
64170.0
36690.0
19200.0
21615.0
27075.0
13020.0

17400.0

70560.0
37390.0
71360.0

h

239.5
16.5
14.9

932.0
343.8

150.6
131.5
231.0
108.0
227.4
263.9
325.9
138.2

239.2
295.0
89.3

25.2

52.9
22.2

465.8
173.7
42.3
87.1

517.7

140.2
417.9
239.5
97.7

161.7
199.4
92.2

70.8

195.8
454.6
242.1
483.7
135.5

3.3
235.8

Delivered

h (pol)

4.2

96.7
38.0
18.6
2.5

23.1

96.9
221.4

2.5

17.4

233.2
140.9

144.3
2.5

200.1

40.1

17G.6

230.9

73.5

29885.4

127081.0
49030.6

20788.5
19588.5

1029G.9
29524.0
35264.8
42106.1

36255.1
42262.8

60988.9
16985.9
4582.9

12186.8
76711.3

17337.2
60397.5
29885.4
12073.8
20458.6
26109.0
13689.0

844(5.8

65097.2
30991.2
60879.5
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Table XI (cont'd)

Experiment*

476
476
478
480
484
485
486
488
492
493
493
494
494
495
495
496
497
497
498
500
502
508
510
511
519
520
521

523/422
524
527
530
530
531
535
539
544
FPP

LD2test
Measday
MRSdev

npdev
Prod

jrtherapy
xtherapy

TBA
TBA
TBA
TBA

Trudel

Channel

4B
4C
4B
IB
4B
4B
4B
4B
Mil
M20
M15
M15
M20
M9
M15
4B
4A
4B
4A
M20
M13
M i l
4A
M13
4A
M20
M15
IB
M20
M15
M13
M i l
M9
4B
M15
4B
4B
4A
M13
4B
4B
2C
IB
2C
M13
M15
M20
M i l
IB

h

116.0

161.0
139.0
162.0
243.0
286.5
231.0
104.0
105.0
150.0
308.0
46.0

69.0
46.0
23.0

242.0
586.5
127.0
34.5

776.0
109.5
231.0
127.0

165.5
87.5

104.0
240.0
46.0

335.0
127.0
23.5
46.0
23.0

150.0
110.5
105.0

335.0

Scheduled

h (pol)

218.0

196.5

162.0
23.0
47.0

432.5

82.0

127.5
127.5

301.0
301.0
185.0
14.5

MAh

40110.0
32340.0
15600.0
14700.0
21000.0
44830.0
6440.0

37330.0
87300.0
17780.0

113400.0

33380.0
17780.0

21615.0
10125.0
17320.0
36000.0
6900.0

17780.0

11360.0

38370.0

h

74.9

150.8
127.3
130.3
220.2
247.0
222.3
102.5
108.5
130.3
297.0
48.5

50.6
30.9

8.2
223.5
516.4
118.3

9.8
665.2
68.1

184.1
118.4

161.7
89.8
94.5

196.8
16.9

267.4
121.4

14.1
34.6

9.1
137.9
67.8
71.0
64.5

108.0

Delivered

h (pol)

179.4
2.2

159.5

131.9
12.8
36.7

2.5

264.7

73.0

12.9
47.7

148.2
148.2
51.5

3.3

Mh

36988.3
31006.5
15651.7
16307.0
18772.7
44784.1
6995.3

32703.6
78470.8
15863.7

87097.9

26706.5
17641.1

20458.6
9308.0

13074.8
28987.8

1985.6

16246.7

11155.9

1391.8

10296.9
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Table XI (cont'd)

Experiment*

Tune
Tune
Tune
Tune
Tune
Tune
Tune
Tune

Channel

4A
IB
M i l
M13
M15
M20
2C
M9

h

12.0
81.0

765.0

Scheduled

h (pol)

23.0
27.0
27.0
27.0
27.0

301.0

M h

108855.0

h

2.9

7.3
718.0

Delivered

h (pol)

5.1
74.0
74.0
14.0
14.0

200.1

/iAh

100093.6

*See Appendix C for experiment title and spokesman.

Resonator leakage control and stabilization

Since the resonator hot arms can be adjusted only
with the lid raised, the first step was to measure the
tip motion caused by rf on/off, magnetic field, vac-
uum, and raising of the lid. These measurements were
accomplished with a series of periscope surveys.

Two modification-repair jobs were also completed in
the shutdown:

1) One segment was removed and modified to permit
proper alignment.

2) Poor connections between the tips of segments
No. 1 at quadrants 1 and 2 were found damaged and
the weak spring-loaded contacts were replaced with
bolted, high-current joints. The reduced flexibility that
might impair latching of the upper and lower segments
was overcome by careful spacing and alignment. The
No. 1 tips of quadrants 3 and 4 were joined rigidly
in like manner. Fairly extensive grinding and polish-
ing was required throughout the conical section of seg-
ments 1 of quadrants 1 and 2 to repair the spark dam-
age the poor joint had caused.

The result of the effort was leakage levels lower
than ever previously achieved. The total frequency
drift from a cold start is now about only 30 kHz. The
maximum temperature of the dees is typically 83"C,
with only 3 to 4 segments showing temperatures above
50°C. As a result the frequency change after rf spark-
off is small, leading to a relatively short downtime.
Also, drift was reduced, producing steadier, more sta-
ble operation.

Main rf amplifier and combiner tuning

By modifying all of the 9 in. coaxial input/output
lines at the three combiners and by providing quick
access to them, it is now possible to tune the combiners
and the power amplifier output circuits in a one- to
two-day maintenance period compared with a major
shutdown as required previously. In addition, drives
to the input network capacitors were added to permit
these circuits to be tuned under operating conditions.

The system was completely retuned. Operation of
the power amplifiers at a dee voltage above 100 kV
with negligible screen current was accomplished.

One result of the tuning, and the knowledge of the
system gained thereby, was the realization that the
frequent crowbars were associated with the transition
from self-excited to driven operation. System modifi-
cations that would eliminate this fault are planned.

The resonator improvement program

It should be noted that the above efforts although
substantial and partially successful will not. provide
alone, unless sustained by further work and replace-
ment of old and obsolete components, a smooth and
stable operation. More resonators of the new type have
to be constructed and further amplifier system testing,
tuning and improving have to take place. This requires
a more appropriate rate of funding of the resonator
program, which recently had been augmented in scope
to include high-voltage operation (>100 kV) tests and
commissioning. Only half of the components for eight
resonator segments of the new type could be ordered

110



during 1988, with the completion of the total set sched-
uled for 1989. The possibility of full-power tests during
maintenance shutdowns (incompatible with power sav-
ings), and additional manpower for rf controls and am-
plifier design will also be required in order to achieve
a more reliable and stable system.

Other amplifier development

The RF group was heavily involved in the design and
construction of new amplifiers for the rf separator in
M9 and for the cyclotron rf booster. Since the designs
of these are similar, the effort was initially concentrated
on the separator unit so that the experience could be
used for the design and commissioning of the booster
amplifier.

The separator amplifier was redesigned and rebuilt
in an effort to achieve a simpler, more reliable, accessi-
ble system. To get away from the radiation fields and
the limited space in the region of the separator and
its beam line, all of the electronics and rf circuitry
were removed up to the meson hall mezzanine floor.
A 6 in. coaxial line about 23 m in length is used to
deliver the ~100 kW rf power produced by the sin-
gle Eimac Y567B (100 kW tetrode) power amplifier.
The control system for regulating voltage and phase
was completely redone as well. Following construction
and some commissioning, the amplifier worked at full
power in the grounded-cathode configuration driven by
a 1 kW solid-state driver. The system could be made
stable against parasitic oscillations; however, the reli-
ability of the solid-state amplifier and the stability of
the grounded-cathode configuration were found to be
insufficient. By year-end the power amplifier was being
modified for grounded-grid operation and the driver
amplifier was being replaced with a larger unit.

rf controls

The prototype rf controller installed and tested on
the rf separator is a hybrid system that uses analog
loops to regulate the phase and amplitude, while ad-
justments to the loop parameters and setpoints are un-
der digital control.

The operating frequency of the cyclotron can change
by ±20 kHz. In the event of an rf trip, manual adjust-
ment is often needed to match the separator cavity to
the cyclotron frequency. Changes have been made to
the tuning control that will make this operation auto-
matic. Several modifications were needed in software
and in individual hardware modules. These included
extra signal monitoring for troubleshooting and diag-
nostics.

Bench testing has started on a VME version of the
rf controller. This system will be implemented for the

rf booster amplifier. Three modules will be developed
for the KAON Project Deflation Study. These are a
wide band phase shifter, a VCO and loop amplifier.

Magnet

Magnet diagnostics

To better understand the cyclotron magnet perfor-
mance a new data-logging routine was implemented to
log Bz and J3r versus radius, time and energy run. This
was done for the basis of comparison as well as for the
detection of long-term drifts which may require action.
This, coupled with better trim and harmonic power
supply calibration, serves for better reproducibilily of
operating conditions.

Support structure elevating system

In the spring shutdown all the Philadelphia Gear
Limitorque 100-ton elevating jacks were removed from
the vault. These units were dismantled and the lower
spherical bearing (that was installed in 1981) was re-
moved and replaced with the original style of ball-
thrust bearing but with a modified angular contact
configuration. The new bearings have a greater thrust
load rating and an ability to accept high side loads.
Hardened steel journals were also installed to enhance
the ability to accept side loads. Prior to the spring
shutdown 4 equivalent DufT-Norton jacks had been re-
ceived which would allow a 4-unit rotation for over-
haul. Unfortunately these units had been assembled
with haste at the factory and were not cleaned inside
sufficiently. They were rebuilt by TRIUMF personnel
at the expense of Duff-Norton.

At the end of the spring shutdown the system was
operational with eight Limitorque jack units to be re-
moved at a later date for installation of the angular
contact type lower thrust bearing. A new 60:1 High-
field reduction gearbox (between the driver motor and
the elevating jack) was also purchased. Although no
problems have yet been experienced with these units.
the spare will allow routine overhaul to take place.

Inflector and correction plates

At the beginning of the year the current to the posi-
tive deflector electrode gradually increased beyond the
power supply rating. The problem was circumvented
by asymmetric operation with the positive voltage re-
duced and the negative plate compensating for the dif-
ference. During the spring shutdown several insulators
were replaced, and operation was good for the remain-
der of the year.

The correction plates system was a source of fre-
quent problems until the rf leakage in the cyclotron
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was substantially reduced in the fall shutdown. The set
of new power supplies installed the previous year was
not. capable to deliver the rated current at low voltage
settings, and was not short circuit proof. Following con-
sultation with the power supply manufacturer a set of
different design was ordered. The former supplies will
be used in the injection line system. The plates op-
erate satisfactorily but still require maintenance every
shutdown to replace shorted or coated insulators.

Probes and extraction systems

During the spring shutdown a replacement first turn
flag was installed in quadrant four of the cyclotron,
permitting more accurate positioning. A head for the
proposed 2C extraction probe has been successfully
tested in the laboratory in simulated operating con-
ditions under vacuum and temperatures up to 125°C.
An "L" arm of a new design was installed on extrac-
tion probe 1. It has a molybdenum driving band and a
sprung pivot pulley to maintain tension. The existing
arm was experiencing heat damage during high-current
running.

In the fall shutdown the transition piece for extrac-
tion probe #4 was replaced with one of a new design to
facilitate easy installation. The function of the device is
to guide the probe from its park housing outside of the
cyclotron through a port in the tank wall to the inside
running track mounted on the tank lid. This device was
found misaligned. The job was planned in advance of
the shutdown so that removal and replacement could
be accomplished with low dose exposure. Other activi-
ties included: overhaul of extraction probe 4; servicing
of quadrant 2 and quadrant 4 first turn flags; modified
heads installed on low-energy probes one and four with
increased width of shielding (with improved signal-to-
noise ratio).

In the beam line 1 vault section a stripline monitor
was installed in position 1AM4.5 and a new scanning
wire monitor of TRIUMF design was installed in posi-
tion 1AM6.6. These monitors are part of the program
for upgrading of beam line 1 monitors. The wire cham-
ber and toroid monitors at 1AM10 were replaced.

DEVELOPMENTS

Beam quality

At the beginning of the year some difficulty was ex-
perienced in achieving the full range of split ratios for
beam extraction at 200 MeV down beam line 4. In par-
ticular, the maximum current extractable with a short
wire foil (/ = 0.5 in.) was less than the minimum cur-
rent extractable with a long wire foil (/ = 0.75 in,),
leaving intermediate currents une'tainable. Operation

of the stripping probe revealed that it was impossible
to pull even the short wire foil fully out of the beam. A
very short (/ = 0.25 in.) wire foil was therefore added
to the stripping probe to serve as a diagnostic in ac-
curately locating the top edge of the beam halo. The
location of the halo edge is important since dipping
the stripping foil excessively far into the beam results
in the beam halo hitting the probe mechanism.

A development shift was allocated to improving the
vertical centring and reducing the vertical width of the
beam, particularly in the region of 200 MeV. Tuning
was carried out with the aid of a program designed
to calculate trim coil corrections from vertical beam
profiles recorded on a probe (HE1). This resulted in
sufficient improvement to restore the conditions for the
extraction of a continuous range of currents down beam
line 4. Future tuning of this sort would be facilitated by
upgrades to the software programs. Later in the year
a problem was discovered with the reproducibility of
the vertical position of the beam line 4 stripping foil.
Some of the tui'ing difficulties experienced may in fact
have been related to software deficiencies.

rf studies

Work leading to substantial leakage reduction was
based on numerous measurements on a precise all-
metal 1:10 scale model of the cyclotron resonator and
vacuum tank. The model provided important clues and
directions to the understanding of the stray field mech-
anism, enabling to devise effective ways to reduce the
leakage. After the fall shutdown the rf leakage between
the upper and lower resonator panels could finally be
brought below the multipactoring level. In addition to
a welcome reduction in resonator temperatures, this
reduced the occurrence and the magnitude of sudden
changes of operating frequency caused by the erratic
character of the multipactoring discharge.

Under development are "beam side panels" which
are copper sheets with specially treated surface to
bring the coefficient of secondary emission to less than
one. These will be superimposed on the existing res-
onator aluminum strongbacks to verify further reduc-
tion of the multipactoring.

An investigation of the resonator feedback for volt-
age stability has also been performed. Resonant modes
were studied using a program, specially developed,
based on nodal analysis of a network of multicou,iled
transmission lines simulating the resonator segments.

An analysis of misalignment-induced variations of
dee voltage uniformity perturbations along the dee gap
indicates that the present position of the feedback pick-
up probes is not ideal. New sets of voltage probes
for improved voltage stability will be tested using the
beam.
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Data analysis and display

A local area VAX cluster (LAVC) has been set up
to allow for efficient support of cyclotron development
computing and data acquisition needs. This cluster has
a VAXstation II/GPX as the boot node and several
other workstations as satellite nodes. Existing printers
and plotters are shared via the Ethernet and terminal
servers.

There have been a number of software developments.
The program that logs data on cyclotron parameters
has been expanded to include new devices. However,
the quantity of logged data reached the point where it
could no longer all be kept on line, so old data are now
being archived on tape.

The probe scan utility (PSU) was modified to han-
dle the LEI low-energy probe. In conjunction with the
ongoing studies of the cyclotron rf system, a software
package was developed to aid in measuring the dc offset
voltages on leakage probes.

The success of the rf resonator thermocouple mon-
itoring and temperature display program warranted a
total rewrite. This new version (TIICO) has all of the
old functionality and includes several additional fea-
tures. In particular short- and long-term trending of
the temperatures is included. The new program runs
virtually non-stop while the cyclotron is running.

Work on computer control for the laser system in the
optically pumped polarized ion source (14) is continu-
ing. An operator interface has been developed using a
VAX workstation and CAMAC. Control and monitor-
ing of many of the components has been implemented
but there is still a great deal of work to be completed.
Slow spin flipping has been demonstrated but without
laser frequency or power stabilization.

ION SOURCES AND INJECTION SYSTEMS

The operation of ISIS was smooth throughout the
year with the downtime averaging 1.4 h per week of
operation. The only major problem developed in the
light links of ion source 1, which caused 7 h of beam
interruption. The design of the circuit was improved,
and the modification implemented.

The other problem, still unsolved, was sparking in
the vertical section of the injection beam line. An in-
vestigation showed that the sparking is not limited to
a single location; several elements of the beam optics
are involved, which may be attributed to the aging
of the beam line. Under normal conditions the spark
frequency is in the order of one per hour and is not
adverse to the beam production, but it would rapidly
increase with deterioration of vacuum around the ver-
tical removable section.

During the year the most significant upgrades of the
ISIS systems included the replacement of the old C.P.S.
beam line power supplies of section HR-4 by the Spell-
man modules, rebuilding the beam line cooling system,
extending the period between source 1 filament change
from one to two weeks, and acquiring a new 300 kV
power supply for beam acceleration from Classman.

The ISIS MRO group continued to provide sup-
port to the development of the high intensity polar-
ized source installed in 14 which was used for beam
production during the development shifts.

Optically pumped polarized ion source (OPPIS)

During 1988 the optically pumped polarized ion
source has been studied using the TR1UMF cyclotron.
Ion source improvements were regularly checked by ac-
celerating the beam to 500 MeV and monitoring the
current and polarization in beam line 4A.

The source geometry was modified and the source is
now on the same axis as the acceleration tube (Fig. 91).
Three cinzel lenses (diameter 5 cm) transport the beam
over about 1 m and match it into the accelerating sec-
tion. The number and the position of the einzel lenses
were calculated using the first-order beam transport
program SPEAM. Further optimization was experi-
mentally achieved by slightly changing the lens posi-
tions. The emittance of the 11 ~ beam was varied by
a factor of six by changing the ionizer magnetic field
to test the transmission through this part of the beam
line. No intensity changes after the 300 kV accelera-
tion were noticed after proper tuning, indicating little
loss in this section of the beam line even at. the highest
emittance.

The beam transport properties of the OPPIS ion
beam through two magnetic fields and two correspond-
ing charge exchanges are not completely understood.
To help relieve this situation a beam transport pro-
gram has been developed which at present traces par-
ticles through the first magnetic field and the neutral-
izer to the point, of entry into the second Na cell. The
ions are transported, as shown in Fig. 92 from a 2 mm
extraction hole, and totally neutralized. For this par-
ticular case, taking charge exchange cross sections into
account, Fig. 92 represents about 0.5 fiA of Ii~ beam
into the acceptance of the second Na cell (diameter
15 mm) for each mA of proton current. The beam
transport calculations indicate that the amount of ob-
tainable H~ beam is dominated by the way in which
space charge is compensated throughout the extraction
system, as well as in the first Na cell.

Several extraction electrode systems have been
tested, including multiple round holes, slits and single
holes. Large area single hole electrodes seem to be in-
ferior both experimentally as well as theoretically due
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Fig. 91. The present TRIUMF optically pumped polarized ion source (OPPIS).
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Fig. 92. Ion beam transport out of a 2 mm diameter extrac-

tion hole with no space charge calculation involved. The

figure shows the rotation symmetry axis z (beam propa-

gation) and the radius r in meters. The beam is extracted

at the 1 cm position with a potential of 5000 V, passes an

electrode of —300 V (1.2 cm) and enters a sodium cell at

ground potential at 2 cm. Between 2 cm and 14.1 cm the

beam is completely neutralized. The vertical lines in the

drawing represent physical boundaries. The magnetic field

is 1.2 T. 175 trajectories are displayed.

to their sensitivity to beam blow-up caused by radial
space charge forces; multiple hole electrodes as well as
slit systems gave better results due to higher radially
focusing electrical forces present during initial acceler-
ation. The 1I~ current achieved scaled with the extrac-
tion area. Typically for a 9-hole extraction system with
2 mm diameter holes at 50 mA drawn proton current
and a neutralizer Na thickness of 5 x 1013 cm"2, an
H~ beam of 6.5 //A current before the 300 kV accel-
eration stage can be achieved; for a slit system with
slightly larger area 8 fiA under similar conditions can
be obtained. Increasing the extracted proton current
to 120 mA should yield an H~ current of M //A under
similar conditions. About one-third of this current is
fully accelerated in the cyclotron.

Large fractions of the beam power are dumped into
the first Na cell, causing the Na density in the cell to
be coupled to the proton beam current. At present a
heating/air cooling system applied to a copper pipe
inserted into the Na reservoir allows for some control.
However, further improvements are under way.

The nuclear polarization of the proton beam has
been determined by accelerating the H~ beam through
the TRIUMF cyclotron to 230 MeV and using the TRI-
UMF in-beam polarimetor. Proton polarizations of up
to 53% for a single 3.5 mm hole extraction system and
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Fig. 93. Measured polarization transfer T (ratio of pro-
ton polarization/Na polarization) for different neutralizer
thicknesses it and different extraction systems.

up to 43% for larger area multiple hole systems have
been obtained.

The dependence of the proton polarization on sev-
eral parameters has been determined and optimized
(e.g. Wien filter fields and rotational angles, H+ de-
flection). An observed doubling of the proton polariza-
tion as the magnetic field of the ionizer is raised from
zero to 1.5 kG shows that the Sona transition works
properly.

By comparing the nuclear spin of the proton to the
electronic polarization of the sodium, the spin trans-
fer coefficient can be deduced, as shown in Fig. 93. The
drop-off of this coefficient at low Na densities can be at-
tributed to a beam component which is neutralized ei-
ther outside the polarized Na region or by unpolarized
H2 molecules. The data show a large scattering prob-
ably due to a beam position dependency of the proton
in-heam polarimeter and errors in the determination of
the electronic polarization. Statistical fluctuations due
to the polarimeter counting rates are insignificant. The
cross section for one possible source of the background
beam, charge exchange of the protons with molecular
hydrogen, is only a factor 6-8 lower than the charge
exchange with sodium. From this data the observed
transfer coefficient is estimated to be about 60%.

Another method of determining the proton polariza-
tion is under development. The H~ current produced
by double charge exchange in the neutralizing cell de-
pends on the electronic polarization of both the sodium
and the hydrogen according to

(1)

where Ion is the H~ current without optical pumping,
7on is the II" current with optical pumping, PNa is the

electronic polarization of the Na and PH is the elec-
tronic polarization of the hydrogen, allowing the hydro-
gen polarization to be determined. It is assumed that
the total electronic spin :>f the hydrogen is transferred
to the nucleus. First measurements with this method
yield results similar to those obtained with the in-beam
polarimeter.

PRIMARY BEAM LINES

During the past year emphasis of the Beam Lines
group has continued toward improved end more reli-
able operation of the primary beam lines. In pursuit
of these goals, as well as preparing for the extraction
of higher beam currents, the group has installed new
components in the beam lines as well as carrying out
normal maintenance and repair functions.

New installations and improvements

On beam line 1A a stripline monitor was installed
in the vault section. This nonintercepting monitor al-
lows continuous monitoring of the beam position, and
it is a powerful diagnostic tool in the tuning of the
beam line. A new window valve assembly was installed
upstream of the 1AT2 target. This includes an addi-
tional vacuum system, a collimator and three diagnos-
tic elements, the latter consisting of an air ionization
monitor, a stripline monitor and a halo monitor. This
system when commissioned will allow continual moni-
toring of beam position at the 1AT2 target.

Historically, a recurring vacuum leak at the 1AW2
window has been a constant source of annoyance. This
window has been removed with no detriment to beam
line operation. Indeed, the operating pressure at the
1AT2 target has improved considerably.

A new wire scanner monitor was tested on beam
line 4A in the fall. For high currents a wire scanner
is used; this is replaced by a blade scanner for low
current operation. Low current operation is important
for monitoring beam position and momentum spread
when delivering dispersed beams to the proton area.

In order to facilitate future tests of prototype mon-
itors, a diagnostics test box has been re-engineered.
It will be completed when future budgets permit, and
used to test prototype monitors and diagnostics for the
KA0!\ Factory.

It nas been recognized for some time that the
remote-handleable vacuum couplings presently used in
areas of high current and/or high radiation will not be
adequate as beam current in beam line 1A is increased.
This problem has been under study for some time. Re-
cently, some CERN-type flanges and connectors have
been obtained with a view to assess their suitahlity as
a replacement for the existing TRIUMF connections
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and for possible future use at the KAON factory. A test
station is being constructed to allow TR1UMF person-
nel hands-on experience with these and other vacuum
couplings.

Other activities

Most maintenance work was related to repairs of vac-
uum and water leaks on normal maintenance days or,
in some cases, deferred until the next major shutdown.
Although they may seem trite, some cases involved
much extra work, a water leak in the last dipole of
beam line 1 B being an excellent example. Because this
magnet is accessible only from the vault and the IB
experimental area, five days of careful block moving
were required to access it and effect repairs. Similarly,
it was necessary to remove the combination magnet of
beam line 2C to the remote handling warm cell be-
fore repairs could be made to its ceramic insulators.
In these cases not only is the problem corrected, but
additional maintenance is performed in an attempt to
prevent another failure in the near future.

The group also assisted experimental groups in the
sei-up of their experiments. The PACMAN dipole was
set up in the Mil area, the new RMC wire cham-
ber assembled, and the IB area was rearranged for
the SALAD experiment. On beam line 4B work con-
sisted of the usual changes from small angle to large
angle configuration of the MRS and the set-up of the
CHARGEX experiment. On beam line 4A support was
provided to the ongoing PARITY test runs and to the
TISOL facility. In addition, much of the time during
shutdowns was spent in the repair of the M8 medical
channel and in the reconfiguration of the M9 channel.

It was necessary to close down the M8 channel early
in the year because of water leaks. The centre section of
the beam line was removed to the warm cell for repairs.
Hosing was replaced on its two sextupoles and three
quadrupoles, and all services and power connections
were rerouted to make them more accessible. New bel-
lows were added at each end of the beam pipe though
the triplet. All interlocks were rewired and both the
low and high energy momentum blades were rebuilt.

The removal of the M8 triplet provided the opportu-
nity to replace a number of crumbling concrete blocks
beneath the beam line. These blocks are not normally
accessible. This work involved the breaking apart of
two blocks in situ, an arduous task, and replacing them
with others of a different composition.

Reconfiguration of the M9 channel was necessary
to allow the installation of the new superconduct-
ing solenoid. All components downstream of the first
dipole were removed. Bases for the elements were laid
out and concrete was poured by contractors. The line
was reassembled in reverse order to minimize personnel

exposure to high radiation fields from 1AT2 which had
been opened to allow installation of the new window
valve assembly.

Both the A and B legs of the channel are now com-
plete. The M9A leg has the rf separator, with its re-
located power supply and transmission line anil its re-
built TPC magnet. The new superconducting solenoid
and additional magnetic elements are located on the
M9B leg.

CONTROL SYSTEM

This was the first year of the major upgrade project
of the Central Control System (CCS). The Wlbrl. of
the Controls group in recent years has been dominated
by the heavy maintenance requirements of the CCS.
at the expense of increased functionality. The software
maintenance on the existing Nova computers has been
reduced, and work has begun on the upgrade. The basic
hardware platform that forms the upgrade was started
and work began on various software functional compo-
nents.

Maintenance

As with all recent years, maintenance activities
were the primary efforts carried out by the Controls
group. Downtime due to the control system was caused
by a number of hardware and software failures, and
amounted to 39.9 h or 6.8% of the total for the cy-
clotron, a slight improvement, over last, year's figure.
Arbitration failures to the CAMAC executive crate was
the single most identifiable problem in the system.

Hardware improvements

10MB disc drives were added to the Nova comput-
ers that normally run the RC and CY programs. This
allows any program to be run in the computer chas-
sis without the need to re-cable spare disc drives. The
Westinghouse programmable logic controller system
that handles interlocks and control for ion source .'!
and 4 was changed to allow a more dense packaging
of binary status information into the CCS. A CAMAC
memory was added to allow 126 more words of informa-
tion to be transmitted. All Diicons in ion source I and 2
were modified to ensure that proper current levels are
delivered to the opto-isolators at the module inputs.
This modifkdtion, it is hoped, will solve a number of
problems that have been encountered with the inter-
lock logic. The 9017 CAMAC modules were modified
to bring them up to spec by adding an "X" response. A
number of MUXes in the system were changed to pro-
vide a 10 V full-scale input signal, reflecting a change
in standards. The Interlan Network Terminal Server
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(NTS) system was upgraded witli new transceiver ca-
bles ami was isolated with its own Ethernet cable. The
main consoles of the Nova computers were placed onto
the NTS system, thus eliminating the need for dedi-
cated terminals and switch lioxes and providing access
to the consoles from any served terminal.

Nova system software improvements

Lower-case characters were added to the Tel term dis-
play pages which indicate machine status information.
The pages used in the Safety system can now be dis-
played and edited on normal Telterm displays, greatly
simplifying the procedures for support of the Safety
system. The operator console was modified to provide
beam line vacuum control in place of diagnostic con-
trols which had not had heavy use. The TRIUMF Com-
mand Line Interpreter (TCLI) was made more func-
tional and now replaces the f'LI that existed in the
HC program. The TCLI program is now supported iti
FORTRAN instead of assembly language.

New systems

The Controls hardware lab acquired a VAXstation
2000 and a copy of the AutoCAD program for eval-
uation under VAX/VMS. A "soft knob" was spec-
ified and is under development, for initial use in rf
frequency controls. A new tank thermocouple system
was installed with an additional capacity of 256 chan-
nels. The Programming system (PROG) Data General
MV7800 computer was given access to the TRIUMF
site-wide Ethernet with the purchase of a DIOCnet in-
terface card. This allows transfers of files between the
CCS Data General machines and all VAXes on the
Ethernet. The "set host" environment allows one to
sign on to the system from other nodes and to sign
on to these nodes from the programming system. This
simplifies file transfers which were formally done with
magnetic tapes.

14 laser control system

There has been a substantial effort to provide mea-
surement and control functions for the lasers involved
in the optically pumped polarized ion source. The user
interface employs a colour workstation. Control and
monitoring of most, components are in place. The user
interacts with the workstation via the colour monitor,
keyboard and mouse. There are a number of windows
which provide a variety of functions such as laser tun-
ing, shutter control, power and frequency readback,
and spinflip.

Central control system upgrade

Work has started on a number of components out-

lined in the proposal for a central control system up-
grade. A basic hardware platform on which the soft-
ware runs has been installed. This is a Local Area Vax
Cluster (LAVC), consisting of a boot node at its hub
with colour workstations as satellite nodes. The com-
mercial interface used to provide the LAVC with access
to the CCS CAM AC has some functional deficiencies.
A new Q-bus to CAMAC interface, which is under de-
velopment, should provide full access to all the devices
in the Central Control System. An 8 mm VCR tape
Sack-up system was introduced into the LAVC, en-
abling a back-up of the entire cluster's discs onto a
single tape cartridge.

A copy of Oracle, a commercial database, was pur-
chased and installed on one of the workstations. A
device-naming convention was laid out. and cyclotron
device tables have been constructed. Entry of device
information and descriptions into the database has
begun. Approximately 12.000 register bit descriptions
were entered into the Oracle database to produce the
registers book. Eventually these descriptions will be
used to produce message text displayed on the operator
error logs. Other software packages are under investi-
gation. An excellent logging program developed at PS1
has been acquired, which should provide guidelines for
performance and functionality. A control system pack-
age from LAMPF has been obtained. It runs on the
LAVC workstations and is being examined to see if
it can be adapted for use in the upgrade. A number
of software CASE tools have been acquired and in-
stalled on one of the workstations. These tools include
such tiling*: as a language sensitive editor, module man-
agement aids, a code performance analyzer and a test
manager.

PROJECTS

Alternative extraction systems

Due to budgetary contraints the activities of the task
force in the first nine months of the year were practi-
cally limited to work on the rf booster system. The
cavity proper was partly manufactured to enable mea-
surements at. signal levels. No mechanical changes were
necessary, the frequency and quality factor were found
correct. The mechanical design of the fine tuning sys-
tem could then be finalized, ami the cavity is Hearing
completion.

The mechanical assembly of the rf amplifier for the
cavity is complete. Unfortunately, the manpower nec-
essary to build the interlock and metering systems, as
well as rf personnel needed to continue the work, were
not available. Due to extended modifications to the rf
amplifier for the particle separator normally operating



in channel M9, all qualified personnel were tied up.
Activities on the rf booster amplifier will resume on
completion of the separator unit.

Starting in October, activities of the task force be-
came part of the KAON Project Definition Study un-
der the task name Cyclotron Beam Extraction with the
objective to select an H~ extraction scheme which sat-
isfies the required beam parameters for injection into
the Accumulator, and is compatible with the exist-
ing cyclotron hardware, the experimental physics pro-
gramme, and the cyclotron environment.

The remaining months of the year were devoted to
reassessment of the task at hand, definition of specific
goals, recruitment of qualified manpower, and reactiva-
tion of the previous programmes. By year-end the ref-
erence layout for an extraction scheme at 452 MeV was
selected, and studies of magnetic channels were under
way. The electrostatic septum channel was redesigned,
and manufacturing of parts for a new insulator assem-
bly was in progress.

30 MeV H~ cyclotron for isotope production

Design studies of the 30 MeV H~ cyclotron for
isotope production, described briefly in the 1987 an-
nual report, continued during the year while contrac-
tual negotiations for its construction and installation
between AECL Racliochcmical Co. (now Nordion In-
ternational Inc.) and Ebco Industries proceeded. An
agreement was finally reached in December, setting out
an eighteen-month construction schedule and comple-
tion of phase I acceptance tests with 250 //A on target
by June 20, 1990. The cyclotron will be installed in an
expansion of the Nordion facility at TRIUMF. The ba-
sic cyclotron specifications call for an extracted beam
intensity of 250 //A initially, and 350 /iA within the
following twelve months; two external beam lines each
capable of currents up to 200 //A; and energy variable
from 15 MeV to a maximum of 30 McV.

Figure 94 illustrates the current cyclotron design. It
is a four-sector compact design with 38.5° radial ridge
hills. The magnet is approximately square in shape
with an overall dimension of 2.3 m flat to flat, 1.26 m
high and weighs approximately 46 tonnes. It is split at
the midplane, allowing four jacks located at the yoke
corners to elevate the upper part for access to the cy-
clotron interior. Two 37,500 At coils mounted on the
upper and lower poles provide the magnet excitation.
Because of the fixed field operation all magnetic field
corrections will be made by shimming during construc-
tion. No trim coils are planned.

Head room requirements in the cyclotron vault are
minimized by mounting the magnet over a 1.4 m deep
pit and installing the external H~ ion source and in-
jection line directly below the cyclotron. The H~ beam

is then injected vertically upward along the magnetic
axis toward the centre where an electrostatic spiral in-
flector bends it into the median plane. Two 45° dees
located in opposite valleys then provide acceleration at
four gap crossings per orbit. The design voltage for the
dees is 50 kV, and the operating frequency is 74 MHz,
the fourth harmonic of the orbit frequency. The dees
operate in phase.

The rf power is delivered to the dees via a 8 cm, 50 Q
transmission line and a capacitive coupling that passes
through a port in the vacuum tank w»!!. For ease of
maintenance the entire rf amplifier system is located
outside the cyclotron vault.

Four large holes through the yoke in the dee valleys
accommodate the coaxial stubs required to resonate
the dees at the operating frequency. For magnetic sym-
metry there are four identical holes in the unoccupied
valleys. Two of these are used as vacuum pump ports
in which two 8 in. cryopumps are installed.

The vacuum enclosure is defined by the nickel-plated
upper and lower pole surfaces and a cylindrical alu-
minum wall that is sealed to the poles with elastomer
gaskets. With the pumping provided, a pressure of less
than 5x10"' Torr is expected and beam loss due to
gas stripping during acceleration should be less than
3%.

Beam extraction is by stripping to H+ in thin
graphite foils. Two independent external beams are
formed with two extraction probes travelling in oppo-
site hill gaps.

Basic parameters for the cyclotron are given in Table
Xfl.

OPERATIONAL SERVICES

Magnet power supplies

During 1988 the Magnet Power Supplies group was
involved in MRO activities in many areas on site. The
M20 Chicago master and slave power supplies were
modified to operate independently. The slave supply
was upgraded to a stand-alone power supply for pow-
ering the new end coil configuration. The M9 power
supply cabling was rewired due to the reconfiguration
of that channel. The M15Q1 power supply was re-
moved and modified to power the M9 superconducting
solenoid. It generates a number of linear current, ramps
from 20 min to 120 min duration to reach full excita-
tion. A spare trim coil supply was installed in M15Q1
to replace the unit removed to power the M9 solenoid;
dc disconnect switches and the 1 Q dump resistor for
quench protection of the solenoid were installed. The
M9Q1 polarity reversal switch was upgraded for 750 A
operation and installed.
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Table XII. Principal cyclotron parameters. BEAMUNE

Magnet
Average field
Hill field
Valley field
Hill gap
Valley gap
Pole radius
Number of sectors
Ampere-turns

RF
Frequency
Dee voltage
Harmonic
Power

Vacuum
Pressure
Pumping

Ion source
Type
Output, current
Emiltatice (normalized)
liias voltage

Extraction
Energy
Method
External beams

1.2 T
1.90 T
0.55 T

4 cm
18 cm
76 cm

4
7.5 x 104

74 MHz
50 kV

4
< 35 kW

5 x 10~7 Torr
4000 f/s(H20),

1500 (/s (air)

II~ cusp
5 inA

0.37JT mm-inrad
25 kV

15-30 MeV
Stripping

DEE

COIL CONNECTIONS

Motor-driven polarity reversal switches were in-
stalled on the 200 A beam line 4 steering magnet sup-
plies to facilitate tuning. Additional motor-driven po-
larity reversal switches were ordered for 1AQ12 and 13
to be installed in the near future.

Replacement transistors for the Westinghouse type
1101 were received and installed in the main magnet
power supply. These units had to be custom manufac-
tured to meet electrical and mechanical requirements
unique, to this supply, since the original Westinghouse
parts are no longer being manufactured. As well a stock
of Westinghouse type 163 transistors were obtained as
replacement parts as these too will no longer be avail-
able.

Variable voltage transformer brushes were serviced
and visual inspection of each power supply was done.
Door interlocks were upgraded and made functional in
cases where the interlocks were (oum\ to be overridden
or nonfunctional. A solution was found to the chronic
water leaks in Wakefield TO-3 type heatsinks and the
manufacturer has modified his design to address this
problem. It is foreseen that the replacement, of existing
heatsinks will continue to be a major enterprise for
years to come.

EXTRACTION PROBE §2

INFLECTOR

CRYOPUMP (2)

HILL GAP

UPPER YOKE

HYDRAULIC
UFTING JACKS

EXTRACTION PROBE

- COMBINATION MAGNET

BEAMUNE #2

DEE

DEE TUNING STUBS

r- MAGNET COILS

RF TRANSMISSION
CONNECTION

QUADRUPOLES (2)

ION SOURCE TURBO PUMP

Fig. 94. Cross sectional and plan views of the TR30 cy-
clotron.

Spring-loaded covers were installed on the trim and
harmonic coil terminal boxes to minimize the dose re-
ceived during terminal examination and servicing dur-
ing shutdowns. Re-routing of several trim coils was
done on the underside of the cyclotron vacuum tank
to enable a hole to be cut for the Booster.

Plant

Cyclotron downtime due to services failures for 1988
was minimal at 16.90 h total. The largest components
of this downtime were due to transients in the B.C. Hy-
dro power grid in weeks #35 and #36 amounting to
4.3 h and 4.7 h, respectively. These excursions were
of a magnitude that trip most cooling systems and
therefore most site power supplies including the main
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magnet. An additional 3.75 h of downtime arose from
two separate failures of the ISIS LCVV system pumps.
These have since been overhauled as well as associated
instrumentation and protection devices.

A disturbance in the UPS (unintenuplab)e power
supply) caused a further 1.7 h downtime. An inverter
fuse and a seized cabinet cooling fan were replaced.
All other maintenance activities (emergency and P.M.
maintenance) were routine in nature. There were 31
operational fault reports for the services section. In ad-
dition to all routine maintenance activities (including
all rigging and crane operations), a further 156 special
work requests of all kinds, each exceeding 2.0 man-
hours of manpower requirement, were recorded in 1988.

New systems

New air-conditioning was provided for the RMC
room, meson hall counting rooms, MESA clean room,
trailer Gg extension, and trailer Mi. The helium com-
pressor building ventilation system was completed. A
new exhaust system was installed for the 2C hot cell
and exhaust upgraded for the TISOL area.

New cooling water services were provided to rf test-
stand in the meson hall, new TISOL power supplies
and rf combiners. RFB water piping was started in the
vault. Other piping jobs included new vacuum lines
from 1320 area into the vault and new dry air tank
vent line.

Major equipment work included a new air system
compressor to service the labs in the main office build-
ing and a major overhaul of the MRS air compressor.

Support provided

Substantial headway was made in the various on-
going projects to upgrade Plant information manage-
ment systems on the Oracle database system. Newly
developed computer applications include facilities to
manage records pertaining to the status of Plant work
orders, purchasing, Plant fault reports and equipment
inventories.

Engineering work provided as service to other groups
included membership on initial TR.30 design team,
chemistry annex air-conditioning and intake air stud-
ies, upgrade study for VAX computer room, design
check of helium cooler for Vacuum group, DCD tube
temperature calculation, and air-conditioning calcula-
tion check for microstructural electronics lab.

Safety-oriented work included the initiation of the
Workplace Hazardous Materials Information System
(WHMIS) required under Federal regulations, removal
of various asbestos-containing materials, and correc-
tion of Boiler Branch Pressure Vessel certification de-
ficiencies.

Remote handling

Operational systems

Cyclotron. The two shutdowns required routine remote
handling operations for a shadow shield installation, re-
mote vacuum cleaning, thermocouple testing and video
survey documentation. All routine operations of the
servicing system are now performed from the control
room located in the remote handling building. Most
service trolleys were modified this year for full opera-
tion from this new programmable controller.

Remote handling work on behalf of others included:
modification of R/H equipment to handle the new
DCD and diagnostic first-turn flag, as well as removal
and installation of the 4L5 resonator during the shut-
down. Responsibility for extraction probe gate valves
was delegated to the Remote Handling group. In addi-
tion to normal servicing of those valves future upgrade
of the serviceability is anticipated.

Ream lines. The remote handling support this year was
mainly related to work in the 1AT2 area during the in-
stallation of the new M9 channel and the new 1AWVA2
window valve and adjacent, beam monitors were in-
stalled at this time.

1AW2 beam window joint at TNF was replaced three
times during the year to repair a vacuum leak. During
the third replacement the window incorporated into
this joint was eliminated as it was felt to he the prime
cause of the chronic leak.

An indium flange dimension discrepancy found to
be the origin of a recurrent leak in the 1AM 10 area
pump-out port was repaired by installation of a correc-
tive indium carrier ring. A 4 in. indium seal on beam
line 2C was vaporized by mis-steered beam, requiring
replacement of the seal ring. The 2CCM1 magnet was
also transferred to the warm cell this year for repair of
cooling system fittings.

Hot cells. The spare 1AT2 target, assembly was refur-
bished and fitted with a new remote handleable profile
monitor. The trombone, one bellows tube, and three
new target, cassettes were replaced at this time. Addi-
tional targets work included three lATl-Mkl pyrolytir
graphite cassette exchanges and replacement of a He
target on 1AT2 as well as the associated protect, mon-
itor and wiring harness. It, is now possible to refurbish
damaged graphite targets in the hot cell. An experi-
mental rotating target was installed on 1AT1 target.
Due to profile monitor problems and the subsequent
discovery of a target window weld leak, this project
was put on hold and the old target reinstalled.

Work finally began on the heavy mechanical hot cell.
The cell interior was cleaned and epoxy painted and
a hydraulic lift platform with stainless work surface
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installed. The cell window frame was fabricated in the
machine shop and the lead shielding poured in the lab
area.

Development

The Remote Handling Development group was
formed as a subgroup in 1988 to concentrate on new de-
velopments in concert with the balance of the Remote
Handling group who take care of routine operations.

The first job undertaken was the provision of a port
for the rf booster during the spring shutdown. Exten-
sion of work already in progress led to the remote cut-
ting of a 150 mm (nom.) hole in the floor of the tank
using electrical discharge machining (EDM) and the re-

mote TIG welding of a tube and flange assembly into
the hole. The job produced a leak tight new port; how-
ever, problems with the shape of the weld bead and
the position of the flange made it unsuitable for its in-
tended use. In the fall shutdown the tube and flango
assembly was removed using the EDM technique and
a new assembly welded in. The repair operation was
fully remote and fully successful.

The EDM equipment was further developed during
the year in preparation for two more holes for the
booster to be done in the spring 1989 shutdown.

Other activities included initial studies to improve
bridge and trolley drives and preliminary designs for
equipment to handle H~ extraction devices.
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ACCELERATOR RESEARCH DIVISION

INTRODUCTION

This is the final report for the Accelerator Research
Division, which has now disappeared as aTRIUMF di-
vision in order to form the nucleus of the KAON Fac-
tory PDS organization. The Project Definition Study
began October 1 and the new technical studies which
it makes possible are reported in a special section
(pp. 139—142). For projects which were already under
way, such as beam dynamics, magnet power supplies,
and rf cavity development, the whole year's work is re-
ported in the KAON Factory section below (pp. 130—
138). More details are also given there of progress
towards national and international support for the
KAON Factory, of which some highlights have been:

• A visit and supportive statement from the Pre-
miers of the four western provinces

• A recommendation for participation by the West
German planning committee for Medium Energy and
Nuclear Physics

• Designation of KFA Jiilich and DESY as partner
laboratories for handling contributions

• Endorsement by the U7 Summit Working Group
on High-Energy Physics

• A successful review o( the PDS proposal in June
• Announcement of PDS funding by the Federal and

Provincial Ministers in July

On the technical side, the racetrack lattices proposed
for the C, D and E rings have been subjected to inten-
sive simulation studies. Not only can the beam spill
during slow extraction be kept, below 0.2% for achiev-
able magnet tolerances and power supply ripple, but
the acceptances of the racetrack lattices, including ef-
fects of misalignments, field errors and synchrotron
oscillations, are larger than those of the old circular
lattice. Racetrack lattices are also being investigated
for the A and B rings, with the twin aims of creat-
ing nondispersive locations for placement of rf cavi-
ties and of easing the kicker requirements for injection
and extraction. Some promising doublet and triplet lat-
tices are being studied. Racetrack lattices also offer
advantages for accelerating polarized beams, either in
providing long straight sections for the installation of
Siberian snakes, or by retuning the straights to identity
sections, making the lattice appear circular and highly
periodic, reducing the number of intrinsic depolarizing
resonances by an order of magnitude.

The injection, extraction and transfer systems have
been redesigned for the racetrack lattices and a com-
parative study has been made of half-integer versus

third-integer slow extraction from the Extender. More
complete simulations of the H~ injection and paint-
ing process confirm its feasibility; the development of
two-sided stripping foils should ease the requirements
further.

An estimate of the impedance contributions from all
components of the rings shows that reasonable toler-
ances can provide beam stability. Careful design of the
beam pipe in the C ring may even obviate the need for
an ernittance blow-up cavity there; nevertheless simu-
lations have been carried out to confirm the effective-
ness of such a cavity. Debunched slow extraction has
been shown to be possible without producing insta-
bility; 7( must be lowered from 30i to below 10 and
this is achievable with the racetrack lattices. Clearing
electrodes and a pressure below 10~9 Torr must be
provided to inhibit the electron-proton instability.

Analytic studies of the stability of the beam-rf sys-
tem under high beam loading have led to a clearer
understanding of the effects of various feedback loops.
Only the radial loop can improve the instability thresh-
old; phase and amplitude loops merely modify the
growth rates. A generalized mode-coupled Robinson
criterion has been developed.

With the arrival of the Los Alamos booster cavity in
August the efforts of the rf group have been concen-
trated on its refurbishing for ac tests. This has involved
repairs to the cavity, replacement of many of the ferrite
rings, and design of an ac bias coil and yoke. In further
collaboration with Los Alamos the Driver amplifier and
interlock system for their main ring cavity have been
designed and are being manufactured. Our generic rf
amplitude and phase regulator control system is also
being adapted for use on this cavity. Methods of damp-
ing higher-order modes in the cavities are being tested
both theoretically and experimentally.

This year saw the completion of the power supply
teststand incorporating four NINA synchrotron mag-
nets. With the GTO-based capacitor disconnect switch
in place, successful initial tests were carried out at dual
frequency (33 Hz/100 Hz). Design of complete magnet
power supply systems for each ring is also progressing.

Studies of H~ extraction from the cyclotron have
now led to selection of an optimum layout; the protec-
tion foil will be mounted two-thirds of a turn ahead
of the electrostatic septum and will direct the stripped
protons down beam line 1A, while the H~ ions eventu-
ally enter the magnetic channel and beam line 2A. The
electrostatic deflector has now been tested at 40 kV in
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the presence of a 10 y/A average beam current. Theo-
retical studies show that the use of booster cavities in
the cyclotron would increase the energy spread of the
beam too much for effective painting into the Accumu-
lator ring.

Several other studies have been carried out for the
500 MeV cyclotron. Application of the TRANSOPTR
code to the ISIS line has for the first time allowed the
beam to be followed in one pass from the ion source
through the axial field of the magnet and the spirai in-
flector into the cyclotron, including space charge forces;
a curious conclusion is that the coupling between the
transverse planes allows either emittance to be reduced
at the expense of the other. A study of the doubly
peaked bunch seen with higher rf voltages indicates ev-
idence of phase bunching. A very short bunched beam
has now been developed with 90% within 1 ns. Spuri-
ous rf modes in the vacuum tank can produce vertical
electric fields equivalent to radial magnetic fields of
1 G; they should therefore give observable effects on
the beam. A study of laser stripping has shown that
a 20 nA H° beam could be extracted from 200 //A of
H~ using a commercially available laser in conjunction
with an optical delay line.

For the 30 MeV cyclotron the supporting beam dy-
namics studies have covered the entire path of the ions
from ion source to extraction. The inflector and cen-
tral region have received particularly detailed scrutiny.
A study of betatron resonances shows that no prob-
lem should be encountered for reasonable tolerances on
magnetic field imperfections. A straight-line locus for
the stripping foil should give well-behaved extracted
beams for energies between 15 and 30 MeV.

For the primary beam lines an attempt was made to
produce a horizontal line spot at 1AT1 but was unsuc-
cessful. For beam line 4A new tunes were developed for
the parity experiment and estimates of beam spill were
made for the proposed monitor/detector test box.

For the secondary channels the highlight was the
commissioning of the new M9 channel. Performance
was in good agreement with design with a luminosity
of 104/cm2/s and a total intensity of 2.5 x 105/s for
40 MeV/c muons. A new tune was computed to better
focus the M13 surface muon beam spot on the exper-
imental target. For the Ml 5 channel a )i~ tune was
successfully devised and tested, even with tho perma-
nent quadrupoles at the front end set for //+.

Major beam line diagnostic developments at TRI-
UMF were the design, construction and testing of a
stripline position monitor with 0.2 mm resolution and
installation of a second x-y wire scanner, both on beam
line 1A. For our collaboration with the Los Alamos
PSR group a 2.8 MHz processing system was built for
their 200 MHz stripline position monitors. The equip-

ment was tested satisfactorily on the PSR in Septem-
ber.

Computing Services has seen another very active
year supporting hardware and software needs sitewide.
One major activity was the evaluation of different
workstations and the purchase of eight for KAON Fac-
tory studies, thus doubling the raw CPU power. De-
velopments have continued on the TRIUMF graphics
packages and a major event was their implementation
on the VAX workstations. To support local users a
large number of HP-laserjet printers have been pro-
vided. Finally BCNet became operational with TRI-
UMF as one of the founder participants in this high-
speed interuniversity link.

The Division has been well represented at confer-
ences this year. Twelve papers were given at the Los
Alamos Accelerator Design Workshop, 7 at the spring
APS meeting in Baltimore, 10 at the first European
Particle Accelerator Conference in Rome, and 8 at the
Snowmass Summer Study on High-Energy Physics in
the 90s (at which kaon factories were identified as one
of the five types of accelerator to be studied).

BEAM DEVELOPMENT

Cyclotron

ISIS

It is not possible to optimize the matching of an in
jection line to a cyclotron central region using a com-
puter code like TRANSPORT. The reason is that the
varying axial magnetic field and the spiral inflector do
not have transfer matrices which can be written down
analytically. The code TRANSOPTR (developed at
Chalk River by Heighway and de Jong), however, is
uniquely adapted to this type of problem since it uses
infinitesimal transfer matrices. Originally, this method
was used to deal properly with the effects of space
charge. TRANSOPTR has now boon modified to in-
clude both a varying, axial magnetic field and both
spiral and mirror inflectors.

Jn general, cyclotron inflectors strongly couple the
two transverse subspaces. This leads to a growth in
emittance projections for a beam with no initial corre-
lation between the two transverse subspaces. Only in
the case of the Miiller (hyperboloid) inflector is there
no emittance growth. The modified version of TRAN-
SOPTR has been used to design the injection line of
the 30 MeV cyclotron. With a spiral inflector, the op-
timum match (which could be obtained, for example,
with a solenoid followed by two quadrupolos) gave an
emittance increase of a factor of 2.

In addition, it has been discovered that emittance



growth does not occur upon passage through an inflec-
tor if the initial emittance is due to a solenoidal field
in the source (as is the case in, for example, an ECR
source). Moreover, under these conditions any one of
the two transverse emittances circulating in the cy-
clotron can be made smaller than the source emittance
constant. This is achieved by rotating the matching
quadrupoles with respect to the inflector, and retun-
ing.

Central region

Over the past year the cyclotron has operated with
an increased rf voltage, and this has resulted In changes
in the time structure of the extracted beam. The beam
pulse has lengthened (a figure of ~3 ns being typical
for present operation), and at times has exhibited a
double peaked structure. To study the cause of the
double peak, the extracted beam time structure has
been measured using a signal from pions (produced at
1AT1) passing through a fast scintillator in Mil.

The measurement was designed to distinguish be-
tween two possible causes of the "hole" between the
peaks: increased beam loss at the phase of the "hole",
and longitudinal phase motion, causing beam bunch-
ing. This was done by comparing two measurements
of the longitudinal phase acceptance of the cyclotron.
In both cases the measurements were made with the
bunchers off. In the first case, the transmission was
measured from injection to extraction. With a 12%
correction applied to account for stripping losses, the
measurement indicated a phase acceptance of 29°. For
the second case, the beam time structure was used.
Assuming the peak current in the pulse to correspond
to 100% transmission, an integral was performed over
the pulse to derive the equivalent average transmission.
This resulted in a phase acceptance of 21° ± 2°. The
fact that the average, integrated phase acceptance is
smaller than the measured average phase acceptance
indicates that there is some phase bunching.

Since the machine is not fully isochronous, there will
be some change in the longitudinal current density due
to that fact that Asin«S is conserved, not &<j>. In addi-
tion, however, the electric forces in the central region
may be responsible for a bunching action. Further ex-
periments, particularly in the region of thp electrostatic
correction plates, would be necessary to determine the
mechanism responsible for the hole in the beam time
structure.

Additional work in the central region this year has
been devoted to the development of a phase-restricted
tune to meet the requirements of Expt. 372. This
experiment, which will run using the new high in-
tensity polarized ion source (14), requires a beam
pulse at 470 MeV with a FWIIM of <0.5 ns, 90%

of the beam within a width of <1.0 ns and an ex-
tracted current of 500 nA. In order to produce a
shortened beam pulse with good beam transmission,
a tune has been developed which uses the vertical
flag, one radial flag, one slit (112 at ~32 in.) and
the first harmonic buncher. A timing signal, derived
from elastically scattered protons passing through a
fast scintillator/photo-multiplier combination in BL4A
(SFU scattering chamber) was supplied by the 372 ex-
perimenters. Using this diagnostic, the cyclotron was
tuned to produce extracted beam pulses at 470 MeV
with a FWHM of ~450 ps and 90% of the beam within
~1 ns. The transmission of this beam, from the injec-
tion line to the outside of the machine, was ~5%.

Outer region

The rf field leaking into the region behind the res-
onators has been calculated and measurements on
TRIUMF and on a 1:10 model agree with calcula-
tions. To estimate the consequences the effect of the
vertical Et(t) component on the beam has been esti-
mated by calculating the magnitude of an equivalent
By field and comparing this with known tolerances.
The results indicate that there should be measurable
phase-dependent vertical excursions of the beam. Fig-
ure 95 shows the equivalent Br average due to rf leak-
age seen by the beam as a function of the cyclotron
radius, where <j> is defined as the difference between
the particle phase and the phase of the leakage field.
Experiments are planned to confirm this.

Extracting H by laser stripping

A new study has been made on the possibility of the
laser-stripping of II~ circulating beam to an II0 ex-
tracted beam. The intent is to provide a small split ra-
tio beam of high quality for nuclear physicists and also
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Fig. 95. Effective Vr for the beam due to rf leakage.
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to provide a relatively "inefficient" extraction process
which can easily be interrupted to provide a human
safety mode of operation for patient proton irradia-
tion. A suitable region in the cyclotron for extraction
has been found. In order to extract 20 nA of H° from
200 /«A of H~, about 240 W of laser power is required
for beam-laser interaction. An optical delay-line is pro-
posed to accumulate the pulses of commercially avail-
able mode-locked Yd:YAG laser (average power 15 W).
Analytic solution of the laser traces on the delay-line
mirrors has been obtained as a function of mirror cur-
vatures, length of the delay-line, injection angle and
position. The required enhancement is achievable by
an appropriate combination of these parameters.

Alternative extraction

Experimental tests

In May the electrostatic deflector was installed to
tost the voltage-holding capabilities at. higher circulat-
ing currents. At a current of 10 /JA (20 /*A at 50%
duty factor), a stable voltage of 40 kV was maintained
for the full ten-minute test period. A fraction of the
deflected beam (~10%) was not intercepted by the ex-
traction foil and was lost on the antiseptum causing an
activation of 6.6 R/h on contact. The device was re-
moved from the cyclotron and the active components
were replaced by new ones, Testing in the simulation
chamber led to the development of a new elongated
insulator design complete with bleed resistors.

Beam quality

The emittance and energy spread of the beam enter-
ing the first electrostatic deflector (DCD) has been sim-
ulated with COMA for different circulating emittances,
phase spreads and rf Booster (RFB) settings. The ra-
dial width of the beam at. the DCD increased with RFB
strength by 2 mm for each 150 kV (0.3 MeV/tum in-
crease in energy gain). At the same time the energy
spread increases by 0.5 MeV. The final emittance is rel-
atively unaffected. Increasing the initial phase spread
increases the extracted energy spread and slightly in-
creases the final emittance. A larger circulating emit-
tance increases the final emittance anc! slightly in-
creases the final energy spread. The new, reduced, hor-
izontal acceptance of the A ring indicates that only the
lower booster voltages are suitable for efficient paint-
ing.

Extraction layout

A detailed study of all of the various extraction
options was completed. A design note (TR.I-DN-88-
44) summarizes the results. The present preferred op-

Fig. 96. Reference layout of equipment for extraction of II"

tion, labelled scheme 1A, is shown schematically in
Fig. 96. In this scheme the stripped beam from the pro-
tection foil is extracted down beam line 1. Two DCDs
placed in the secondary shadow of the foil a full be-
tatron cycle downstream (near HE3) produce a good
separation of the deflected beamlet from the circulat-
ing beam \\ turns later at the first magnetic channel
(MCI). A strong feature of this scheme is that no ex-
traction device interferes with the existing extracted
beam. The stability of the secondary shadow at II1-IZ1 is
scheduled to be tested in the next year. DCD strengths
of 40 kV/cm will create a separation between circulat-
ing beam and deflected beam of ~;)0 nun at the lirs!
magnetic channel.

Orbit dynamics for the TR30 cyclotron

A large effort has gone into orbit studies for the HO
MeV 11~ cyclotron (TR30). Early work concentrated
on a basic central region geometry and a magnet stna-
ture that would give suitable focusing behaviour. Tin-
initial central region designs were for a 15° dec run-
ning in second harmonic. In this geometry the beam
always crosses the gap at an rf phase of 15° and there-
fore receives a strong focusing or defocusing kick at
each crossing. It was found that in the presence of
such strong electric forces it was impossible to achieve
good emittance matching so the design was shifted to
a similar structure running in fourth harmonic. Kll'orl
in this direction produced a central region design that
provided good vertical focusing, small changes in cen-
tring as a function of phase, ami achievable matching
conditions. In support of the central region studies a
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RELAX3D package was assembled that allowed rapid
input of the electrode geometry, and improved bound-
ary conditions. A set of tracking studies was performed
to check the effects of mesh size on the orbit calcula-
tions.

The tight pole spacing and small axial hole planned
for the TR30 place considerable constraints on the spi-
ral inflector to be used for injection. Studies of the
matching properties of various inflector designs have
been initiated to see if an optimal design can be found.
As well, a large FORTRAN program has been written
to allow the tracking of rays through realistic inflectors,
using either analytic or numerically calculated electric
and magnetic fields. In order to produce a numerical
electric field map for the inflector an additional FOR-
TRAN routine, which allows the inflector electrodes to
be specified in a form suitable for input to RELAX3D,
has been developed. In the studies carried out to date,
the centring requirements mandate an inflector design
with large tilt (k' = 0.8), but work is continuing to
look for other solutions.

A detailed study of the effects of magnetic field im-
perfections, and of resonance behaviour, was carried
out and was reported in a design note. The results set
maximum levels for the harmonic field errors if large
coherent oscillations are to be avoided. The study also
found that all known resonances are well within con-
trol. Several detailed studies of the extraction system
were made, each with the result that a well behaved
beam can be extracted from the cyclotron between the
energies of 15 and 30 MeV. In all cases the locus of
stripping points is a straight line, which greatly sim-
plifies the stripping mechanism.

Primary beam lines

Beam line 1A

During the year experimenters using the M15 chan-
nel requested that a new tune for beam line 1A be de-
veloped. Such a tune would produce a horizontal line
at the 1AT1 target rather than the conventional ver-
tical line. This tune would also be advantageous for
operation of the M8 (pion therapy) channel.

A tune was developed both empirically and theo-
retically. Unfortunately the empirical tune was not re-
producible and the theoretical tune yielded a 4 mm
horizontal by 3 mm vertical beam spot at the target
instead of the desired 5 mm horizontal by 1 mm verti-
cal spot.

Matters were further complicated because the medi-
cal target (which would accept, a horizontal beam spot)
was not on the 1AT2 target ladder. Consequently, were
a horizontal beam spo* produced at 1AT], it would be

necessary to turn it into a vertical line at 1AT2. This
is possible but because the Mil pion channel operates
in both 7r+ and ir~ modes, quadrupoles between 1AT1
and 1AT2 must be reversed in polarity when the mode
of operation of Mil is changed. It was found that the
optics for the transformation of a horizontal line at
1AT1 into a vertical line at 1AT2 differed significantly
for each of the Mil operating modes, thus making op-
eration of the beam line difficult.

Because of this and the (not understood) inability of
theoretical and empirical tunes to produce a horizon-
tal beam spot at 1AT1, no further development was
pursued.

Beam line 4A

A proposal has been made for the installation of
a monitor/detector test box on beam line 4A and
would be located approximately midway between its
last dipole and the TISOL facility. Design of the box
would be such that it could be used for testing of pro-
totype high-current beam monitors and also for testing
of experimenters' detectors. The test station would be
retractable from the beam line when not in use.

Because beam spill may be expected downstream of
this facility, whether from windows of the box itself or
from targets installed in the chamber, it was necessary
to estimate its magnitude. REVMOC runs were made
for various thicknesses of carbon, copper and lead tar-
gets placed in the box, and it was concluded that nor-
mal thicknesses would cause no significant beam spill.
Thick targets and high beam currents would, however,
produce problems. One option in this case would be
to break the beam line downstream of the test facil-
ity and install a temporary beam dump. The results of
this study have been submitted to the TRIUMF Safety
Advisory Committee for further comment.

The proposed parity experiment is to be installed
in the same region of beam line 4A as would be the
test facility. This experiment would make use of the
longitudinal polarization now available at TRIUMF.
Those involved in this proposal are studying in detail
what is required to perform this experiment. Among
• opics being considered are the thicknesses of materials
inserted into the beam line and the energy at which the
experiment will be performed.

Each energy requires a new tune of the beam line.
To date, theoretical tunes have been developed for en-
ergies of 222, 230, 235 and 250 MeV, the former and
latter this year. For each tune REVMOC runs have
been made for various thicknesses of materials required
to monitor the progress of the experiment. These stud-
ies have shown that some of the proposed schemes re-
quired modification. As concepts are developed in more
detail, further calculations will be necessary.



Secondary channels

M9 channel

Calculations continued for the new M9 channel. The
installation was completed, the channel was turned on
and the first experiment started a weak later after the
commissioning. The performance of the channel was
as expected from the calculations with a luminosity of
10 k/cm2/s for 40 MeV/c muons. The total intensity
was 250 k/s at 40 MeV/c and 100 k/s at 30 MeV/c.

Ml3 channel

Calculations were done to refocus the surface miion
beam spot at the end of the channel downstream with
a quadrupole triplet. This allows experimentalists to
better control the final spot size and reduce the back-
ground from collimators which define the spot and stop
the positrons.

M15 channel

The first two quadrupoles of the channel are perma-
nent magnets, optimized for a positive surface muon
beam. Calculations were done for a negative muon
beam. Although the channel has 21 magnets a tune
is possible by reversing only the polarities of the two
bend-quad-bend sections and returning the last three
quadrupoles. This tune was successfully used to cal-
ibrate an innovative detection system applied in the
muonium-to-antimuonium conversion experiment.

BEAM LINE DIAGNOSTIC
DEVELOPMENT

A stripline position monitor has been installed in the
vault section of beam line 1A at a location sensitive to
changes in the radial position of the foil edge. The sig-
nals are processed by AM/PM modules purchased from
Fermilab and adapted by them to TRIUMF frequen-
cies of 46 MHz. We see a position signal of 0.06 V/mm
change in position for a 100 (iA equivalent beam. The
noise level implies a resolution of 0.2 mm in this loca-
tion; the beam optics imply an ultimate sensitivity to
foil edge radius of ±0.004 in. During the next months
the display will be made more "user friendly".

The characteristic impedance of the striplings must
match that of the terminations and the signal cables of
the system to minimize loss and processing difficulties
due to reflections. The impedance of a stripline is a
function of the electrode width, which is fixed, and
the electrode distance from the monitor wall. RELAX-
3D runs were made to calculate the voltage potentials
through a cross section of the monitor for a series of

Fig. 97. RELAX-2D result with equal potentials on all four
stripline plates.

electrode heights (see Fig. 97). A FORTRAN program
was written to derive the electrode capacitance from
the voltage potentials using the field energy. One cal-
culation was made for the signal on one plate only, the
rest being at essentially ground potential, i.e. when
the beam is far off centre. A second calculation was
made for an equal voltage on all plates, correspond-
ing to a centred beam. The optimum height for each
of the two cases was then interpolated from a fitted
curve. Figure 98 shows that the distance to match to
50 ft varies by 20% for these two cases. The general
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Fig. 98. Stripline to electrode-wall spacing to match a 50 Q
impedance for the case of all the induced signal on the elec-
trode and for the case of equal Mgnals on all four electrodes.
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situation lies between these two, however, since the op-
erational aim is to centre the beam. The result for the
fourfold symmetric case (0.409 in.) was used for setting
up the device.

Measurements were made in the laboratory on the
actual device before installation. A time domain re-
flectometer was used to measure the reflection coeffi-
cient for various heights. Results confirmed the curve
fit used previously and an optimum height of 0.448 in.
was found for the single-electrode case.

A second x-y wire scanner has been assembled and
installed in the test box 1AM6.5; it replaces the proto-
type stripline. The 0.005 in. gold-plated molybdenum
wire has been tested in this location before at currents
up to 135 fiA. The intention is to develop display soft-
ware, to receive comments from operators and to gain
experience regarding reliability.

A profile with superior resolution may also be ob-
tained by scanning a beam across a fixed wire. Suc'.i a
program was written a couple of years ago; it has been
resurrected and described in design note TRI-DN-88-
42. The advantage over the usual harp profiles is finer
resolution, less distortion from wire aging and less an-
noyance from broken wires.

Los Alamos-PSR collaboration (low frequency
processor)

It had been agreed that TRIUMF should design and
build a 2.8 MHz processing system for the 200 MHz
stripline position monitors. The first version of produc-
tion equipment for two systems was built and tested
during a development shift at the PSR towards the
end of September. These were an AM/PM system
(favoured) and a pair of mixers followed by a dc sum
difference amplifier. Most measurements were made
while connected to a high capacitance (720 pF) divided
tube capacitive pick-up made by CERN, although data
were also taken with a 400 MHz stripline and a 20 pF
capacitive pick-up. The response of the electrodes was
close to that expected, being 0.29 V/mm for the
AM/PM processor and 400 MHz stripline, 0.16 V/mm
for the synchronous (mixer) detector and the stripline,
and 0.09 V/mm for the synchronous detector and the
CERN split coaxial capacitive pick-up. Threshold val-
ues before reliable response was obtained were equiv-
alent to <50 /is or 140 turns at the usual operating
intensity.

There had been some concern as to whether a nar-
rowband low frequency processing technique would
give a reliable indication of beam position for machines,
such as the PSR, with low synchrotron frequencies. Un-
processed signals from a PSR 400 MHz stripline were
digitized at 5 ns intervals and th3 data analysed, off
line, by both a wideband and a narrowband technique.

The former consisted of a double integration to give
the total charge induced on each plate each turn. In
the latter the 2.8 MHz first harmonic component was
extracted by Fourier analysis. The horizontal and ver-
tical positions were estimated by taking the difference
between values calculated for opposing plates and nor-
malizing by the s'.im signal. The difference between the
two approache: was <0.5 mm.

COMPUTING SERVICES

Hardware

Early in the year our group was involved in the selec-
tion of an upgrade to the then current VAX-8600. Sev-
eral vector machines were evaluated, the most promis-
ing being the SCS-40 from Scientific Computing Sys-
tems. In the end we stayed with DEC and upgraded
the central facility to a pair of VAX-8650's. Also at
this time a monochrome SUN 3/60 workstation was
purchased and used largely for testing/teaching UNIX,
and acting as a TCP/IP gateway. Typical performance
of this machine was found to be in the range 0.7-1.5
times that of a VAX-780. It was our opinion that for
scientific program development the VAX-VMS envi-
ronment was far more productive than the SUN-UNIX
one.

The next wave of computing equipment involved (ho
evaluation of workstations which were clearly becom-
ing cost effective tools, vis-a-vis a central computer,
in our environment. Several workstations from SUN,
DEC, APOLLO, and Silicon Graphics were evaluated.
Summary performance evaluations were reported to
the TRIUMF user community. The computing doc-
ument "Workstations at TRIUMF" (TRI-CD-88-02)
gives a good overview of the various options studied
and the current situation at TRIUMF. Again, largely
based on their "instant" usability, DEC equipment was
selected.

With the purchase of 4 VAXStation-2000's and 4
VAXStation-3200's for the KAON factory studies, the
central computing capacity, at least in terms of raw
cpu power, was once again doubled. These worksta-
tions were an instant hit since, clustered to the central
VAX-8650's, they allowed transparent access to all the
usual computing resources. It is expected that there
will be a gradual replacement of terminals by worksta-
tions.

Based on the work from Fermilab a project was
started at TRIUMF based on a multi-node ACP (Ad-
vanced Computing Program). As a test an experimen-
tal version of the data analysis program for experi-
mentalists -H0LLI was ported to an MC68020 based
ACP with 3 nodes operational. The synchrtron simu-
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lation code ACCSIM and a magnetic field code BFLD3D
were also ported to the ACP. ACCSIM, which currently
can use only one ACP node ran in about 7.5 cpu-h
compared with 34 cpu-min on the 8650. With 3 nodes
BFLD3D runs in about 47 cpu-min compared with 31
cpu-min on the 8650. The ACP can be very cost ef-
fective for certain programs1. More work is expected to
take place on the ACPs as faster processors become
available. Their application will be targeted to solve
a select set of computing problems which can benefit
from parallel processing.

Software

The implementation of TRJUMF's graphics pack-
ages on the VAXStations was the big graphics event
of the year. This development was largely a stop-
gap measure, however, since the process will need to
be redone when DECWindows (X-window) is released
in 1989. However, this was a dramatic improvement
over using terminals for graphics display. Many of
the standard software packages OPDATA, PLOTDATA,
EDGR, POISSON, INTRAN, PLOTTEXT, REPLAY,
DIPLOT, RESPLOT e t c . were adapted to run on the
workstations.

As in the previous year, a large number of new
features were added to the very popular utilities
OPDATA, PLOTDATA, and EDGR. The goal, as always,
has been to develop a set of totally integrated tools
which provide full support for all aspects of data ma-
nipulation/presentation/publication for scientists and
engineers at TRIUMF. The latest versions of the
user/reference manuals of these utilities demonstrate
our progress towards this elusive goal.

Three templates, using three different types of client-
server constructs:
• Server access via access control string
• Server access via proxy login
• Access to a server object
were developed using various aspects of remote proce-
dure calls. Experience was gained in various ways to
carry out data transmission between client and server
processes which are on different machines — experi-
ence which will become valuable as computing moves
from a centralized to a distributed environment.

A utility, TEKHP, allows the conversion of Tektronix
4010/4014 graphics output (captured into a file) to full
page 300 dpi hardcopies on the HP-Laserjet. This is
sometimes the only way graphics programs, developed
elsewhere and having no drivers for the standard TRI-
UMF hardcopy devices, can obtain a hardcopy of their
graphics output. Another utility, EDGRHP, now allows
full page 300 dpi hardcopies of EDGR drawings on the
HP-Laserjet.

The Atari-ST's continue to grow in popularity at

TRIUMF. This is mainly due to the ST640 terminal
emulator developed at TRIUMF. This emulator now
supports 1,2,3, and 18 screen dumps/page to an at-
tached HP-LaserJet printer at the rate of 6 seconds
per screen dump! This has become a very popular fea-
ture for their use by the experimentalists.

An Atari Mega-ST4 computer attached to an Atari
SLM804 laser printer has proven to be a valuable tool
to get full page 300 dpi laser plots of graphics produced
by "foreign" programs such as PE2D and TOSCA.
Using the ST640 terminal emulator, captured Tek-
tronix 4014 vectors (the programs did not allow them
to be dumped to a file so that we could use the new
utility TEKHP) were replayed by the Atari to its laser
printer. This is only used as a "last resort" way to get
a graphics hardcopy. An added bonus was that this
took only l/10th the time it took a VAX to print an
equivalent bit map on an HP Laserprinter over a serial
line!

Miscellaneous

BCNet became operational this year! Computing
Services made a significant contribution to the ani-
mated video clips shown at the official opening cer-
emonies of BCNet, using an Atari Mega-ST4 com-
puter which can store more than 100 screen dumps
(frames) and replay them at 10 pfs. TRIUMF's Ether-
net is now bridged to UBC's via the optical fibre ca-
ble at 2 Mbaud. while UBC's Ethernet is linked via a
broadband coax cable to SFU's Ethernet at 1 Mbaud
and to UVic's via a 244 Kbaud B.C. Telephone cir-
cuit. Remote log-ins and high sp^ed file transfers are
now possible between the various networked machines.
TCP/IP being used to access non-DECNET machines.
As a demonstration of the power of such a network
a DEC workstation, located at UVic was successfully
booted and clustered to a server at. TRIUMF.

Rather than acquire a single high volume laser
printer a large number of low volume (HP-Laserjet II)
printers were dispersed around the site. The over-riding
factor which determined this choice was the desire to
have the printers located close to the users. This choice
was partly driven by the dominant document prepara-
tion system at TRIUMF — T^X, which requires many
rough drafts, and lacking a workstation is best "pre-
viewed" on a laser printer. This trend may be reversed
as workstations, which can do a much bet ter job of pre-
viewing the output than graphics terminals, become
available to the average TgX user.

Many more "style" files for TgX , such as DESIGN
NOTE, EEC, TRIUMFLETTER, TRIUMFMEMO,
THESIS, KLETTER (for PDS letters), has contributed
to its growing popularity.

The popular graphics package GPL0T was enhanced
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with:
• Output support for Postscript printers
• A new font - fillable Greek (TRIUMF. OUTLINE)
• Various enhancements of regular and logarithmic
axes

The 3-dimensional electrostatic code RELAX3D was
again overhauled with an improved user interface
(TRI-CD-88-01).

ACCSIM, TRIUMF's main simulation code for the
KAON factory Accumulator, has undergone extensive
enhancement:
• Linear coupling and transverse space charge added
• Implementation of second-order momentum depen-
dent tracking
• Improved foil scattering modelling
• Improved user interface and extended graphics sup-
port

Symbolic mathematical computation ("computer al-
gebra") is now supported by three packages - MAC-
SYMA, REDUCE, and best of all SMP. A design note
(TRI-DN-88-13) "Symbolic Computation and Very
High Level Programming Languages" discusses, with
worked examples, some uses of SMP at TRIUMF. SMP
was also applied in the design of the spiral inflector for
the 30 MeV cyclotron project.

Finally, as a result of divisional reorganization due
to the advent of the KAON Factory Project Defini-
tion Study (PDS), the Computing Services group was
moved from the Accelerator Research to the Science
Division. Severe manpower demands are now placed on
our group which is now expected to not only provide
services to its traditional areas but also to the experi-
mentalist's data analysis/data acquisition systems and
the PDS project!

KAON FACTORY

Support for the project continued to grow in 1988,
both nationally and internationally. The funding cam-
paign has been vigorously led by the B.C. Provincial
Government, as exemplified in the Speech from the
Throne on March 15:

uMy Government is spearheading the KAON devel-
opment project, which offers the promise of medical
and other discoveries that will benefit all Canada."

No one is more vigorous in promoting the project than
Mr. Hagen, Minister of Advanced Education and Job
Training, as part of the Government's strategy for rais-
ing the technological level of the province's industry.

The Premiers of the four western provinces broke off
their meeting on Vancouver Island on May 19 to visit
TRIUMF and later included the following item in their
communique:

"... the Western Premiers expressed their support for
British Columbia's proposal to upgrade TRIUMF to a
KAON Factory, the next generation of research facili-
ties in the area of high energy physics.

They agreed that the project exemplifies the spe-
cific efforts being made to encourage new investment
in science and technology throughout the West. The
Premiers noted that the project will have great scien-
tific, educational and commercial benefits not only for
British Columbia but for Canada as a whole.

The Premiers were particularly impressed by the ap-
plication of the research to the treatment of specific
types of cancer, and called on the Federal Government
to commit an appropriate level of funding so ike KAON
project can be carried through to completion."

The high point of the national campaign this year
was of course the award of $11 million for the Project
Definition Study by the Federal and Provincial Gov-
ernments. The announcement was made jointly by the
respective ministers responsible for science, Mr. Oberle
and Mr. Hagen, at a press conference at the Pan Pa-
cific Hotel on July 21. This followed a favourable review
of the PDS proposal by J. Ritchie Orr of Fermilab in
June.

One of the features of the project attractive to gov-
ernments is its economic benefit potential. This year a
new study was published by D. Doyle and J. Rae, inves-
tigating the prospects for technological spinoffs from
the KAON Factory. Based on experience at the exist-
ing laboratory, and assuming that a TRIUMF KAON
Ventures Office (TKVO) is set up to exploit the spinoff
potential, they estimate the creation of at least $243
million per year in additional sales revenue, and $436
million per year in industrial production, including in-
direct benefits. Adding this to the production associ-
ated with direct operating expenses, the total payback
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to governments is estimated to exceed $120 million per
year, or $30 million more than operating costs.

On the international front an important event was
the meeting in Vancouver in May of the High Energy
Physics Working Group for the Group of Seven Eco-
nomic Summit Nations. Their minutes include the fol-
lowing statement:

"Canada reported on progress since last year on its
proposal to build a KAON Factory at TRIUMF. In-
ternational collaboration on construction funding has
been explored with encouraging results, and a decision
by Ottawa appears near on the final project definition
studies ($11M) including negotiation with foreign part-
ners. The Working Group reaffirmed last year's con-
clusion that there is a very good scientific case for a
machine of this type for the sound development of high-
energy physics. It also concluded that an early decision
by Canada to proceed with its KAON Factory would be
very welcome and it encouraged Canada to seek inter-
est and scientific engagement from the international
community. It was noted tl if other projects, such as
the Japanese Hadron Facility, would explore interest-
ing fields complementary to the KAON Factory.'"

Last year's round of exploratory talks abroad has
led a number of countries to study participation in the
KAON Factory. In West Germany the Specht Commit-
tee, appointed to report on the "Future Development
of Fundamental Research in Medium Energy and Nu-
clear Physics", made the following recommendation:

"The physical perspectives of a hadron facility are
considered interesting and important. The Federal Re-
public of Germany should put first priority on partici-
pation in the planned KAON Factory project at TRI-
UMF in Vancouver, Canada. Experiments of German
research groups at KAON should be supported appro-
priately within the framework of co-ordinated research.
The participation in the construction of ike European
Hadron Facility, EHF (100 fiA beam current) is not
recommended. In case KAON is not realized, however,
the possibility of a more modest European solution at
CERN (about 10 fiA beam current) should be discussed
anew."

The German Ministry of Research has now designated
KFA Jiilich and DESY as partner laboratories to han-
dle KAON Factory liaison and contributions of equip-
ment.

In Italy the INFN (National Institute for Nuclear
Physics) has published its Five Year Plan. This specif-
ically includes the option of support for a Canadian
KAON Factory.

In the U.S.A., at the request of the Department of
Energy and the National Science Foundation, the Nu-

clear Science Advisory Committee has set up a special
committee under the chairmanship of Prof. H. Fesh-
bach to study the issue of U.S. participation. By the
end of the year the committee had completed hearings
at Los Alamos and Brookhaven, and was planning a
final meeting in Vancouver.

In Japan a working group with a similar mission has
been set up by the Committees for High Energy and
Nuclear Physics, under the chairmanship of Prof. H.
Ejiri.

Not only around the globe, but even in the heavens
there were signs that kaon factories may be divinely
favoured. At Los Alamos the Accelerator Design Work-
shop provoked a complete horizontal halo through the
sun, with four sun dogs, one for each project. More sig-
nificantly, perhaps, a blind tasting contest there led to
triumph for a bottle of our KAON Project wine over a
similar New Mexico wine!

Orbit dynamics

Lattices

1) Booster

The successful development of racetrack lattices for
the large rings prompted us to investigate racetrack
lattices also for the small rings. The advantage sought
was the availability of dispersion-free straight sections
for the rf cavities. In the present Booster lattice, cav-
ities are in positions with a finite slope of the disper-
sion function r\ and distributed with sixfold symmetry
about the ring in order to avoid synchrobctatron cou-
pling. This means that all cavities have to be opera-
tional if excitation of synchrobetatron resonances is to
be avoided.

The design of the lattice turned out to be quite
a challenge due to the limited circumference of the
Booster. Two feasible solutions were developed, one
based on a triplet focusing structure and one based
on a doublet structure. Both lattices have a periodic-
ity of two. The doublet lattice (Fig. 99) has racetrack-
shape, while the triplet lattice (Fig. 100) is of asymmet-
ric form. While the doublet lattice is the more flexible
design, allowing for the lattice functions in the straight
sections to be changed for optimization purposes, the
triplet lattice only has two families of quadrupoles, re-
ducing the number of power supplies.

Both lattices fulfill the basic requirements of
dispersion-free sections for the cavities and the avail-
ability of a similarly shaped Accumulator lattice, the
latter one with a double waist with controlled dis-
persion for the H~ injection. The doublet lattice has
32 K phase advance in the arcs, resulting in disporsion-
free straight sections. 7< for the machine is 7.25. The
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Fig. 99. Doublet focusing Booster lattice.

machine is tuned by modification of the straight sec-
tions. The triplet lattice has a regular focusing struc-
ture while dispersion is controlled by the insertion of
empty cells. ft is about 7.9.

Tracking studies of these lattices indicate that chro-
maticity correction in both lattices is possible for each
plane, but not for both planes simultaneously because
of reduction of dynamic aperture. Since the machine
will operate always below transition and should be
most stable at the natural chromaticity, this may be
acceptable. Enough chromaticity control is possible
for diagnostic purposes in either lattice. Figure 101
shows the dynamic aperture as a function of residual
chromaticity for the doublet lattice. The triplet lattice
shows a qualitatively similar behaviour.

For both lattices, similarly shaped Accumulator lat-
tices exist. The racetrack lattice has the added flexibil-
ity of being able to tune the dispersion at the injection
point to optimize the phase-space painting process. For
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Fig. 100. Triplet focusing Booster lattice.

the triplet lattice, the quantity f]j\f^ is greater than
unity as required.

Both of these lattices will be studied in more de-
tail before a final decision about the Booster lattice is
made.

2) Driver

An extensive tracking study was carried out to com-
pare the new racetrack lattice with the old circular
Driver lattice. Misalignment, field errors, and syn-
chrotron oscillations were taken into account in the
study.

Both lattices were found to have sufficient accep-
tance for the design emittance of the beam. We will,
however, put some tighter constraints on the field uni-
formity of the bending magnets than the value for
the preliminary design we used, which was ±4x 10~4.
Figure 102 shows the geometric aberrations for both
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for the racetrack Driver lattice.

lattices as a function of the highest error multipoles
included in the tracking.

To determine which betatron resonances caused the
observed emittance blowup the tracking data was
Fourier analysed. Figure 103 shows the spectra for the
circular and the racetrack lattice. It can be seen that
in the case of the circular lattice most of the distortion
is caused by the 2>vx + 2//y = 60 resonance, which is
quite strongly excited, while in case of the racetrack
lattice many resonance lines appear in the spectrum,
but all with very small amplitudes.

Polarized protons

1) Depolarizing resonances in the new racetrack driver

Due to its twofold symmetry, all intrinsic depolar-
izing resonances of even harmonic can in principle be
excited by the quadrupole fields. This would mean con-
siderable difficulties in accelerating polarized protons
unless a Siberian snake is provided. First calculations
of the resonance spectrum confirmed this expectation.

However, the machine can be given a much higher
periodicity if the straight sections are tuned to an in-
teger tune. In this case the arcs have a nonzero frac-
tional tune. Since the first-order intrinsic depolarizing
resonances are driven only by the vertical betatron os-
cillations, the integer tune of the arcs can be main-
tained in the horizontal plane, thus maintaining zero
dispersion in the straight sections. As a result, all res-
onances are suppressed except for those belonging to
yG = kP±(vy — ^stru)i where k is the symmetry of the
arcs. The symmetry of the arcs is 48; however, this is
broken by the modulation of the beta function used to
raise yt to infinity. If we accept going through transi-
tion, which should be possible with the smaller beam
current of the polarized beam, we can re-tune the ma-
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Fig. 104. Depolarizing resonances in the racetrack Driver
with 7t about 10.

chine without any modulation, giving a yt of about
10. In this case, only three intrinsic resonances, given
by yG — 48A ± (uy — VstTy), are in the acceleration
range. Figure 104 shows the resonance spectrum of the
machine.

2) Helical snake

A general mathematical description of multi-twist
helical snakes with an arbitrary number of magnets
and twists has been developed. The formulae - which
converge to the formulae given by Derbenev and Kon-
dratenko, and later by Courant, for the continuous he-
lix - show that the three-twist helical snake with four
magnets per twist is the optimal helical snake for the
Driver if discrete magnets are to be employed. Such a
snake in one of the straight sections of the Driver would
have 8 cm orbit excursions and need about 15 cm mag-
net aperture, assuming 3 T magnets.

Proton injection and extraction

Fast injection/extraction

The development of racetrack lattices having long
dispersion-free straight sections for the large rings is
also of advantage for the fast injection and extraction
systems. The deflection angle will be about 1 mrad, at.
an aperture of the kicker magnets of 15 cm.

In the case of the small rings, several lattice options
are still under investigation. From the point of view of
the Booster injection and extraction, the hybrid focus-
ing racetrack lattice is most advantageous; the deflec-
tion angle of the kickers can be reduced by a factor
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4 to 2.5 mrad compared to 10 mrad for the circular
Booster lattice.

Extensive discussions at the KAON PDS Magnet
Design Workshop at TRIUMF in November confirmed
that the specifications of the kicker magnets can be
met. The most challenging device will be the Booster
extraction kicker. The specifications for the kicker pa-
rameters have been summarized in a presentation to
the workshop.

Slow extraction

Our extraction code SLEX has been extended to in-
clude simulation of extraction using the half-integer
resonance. This enables us to compare the performance
of half-integer extraction and third-integer extraction
systems. Half-integer extraction is attractive because
of the possibility of emptying the ring completely us-
ing the resonant mechanism, rather than having to
dump the particles at small amplitudes that are not
extracted by the third-integer slow extraction. Also, in
half-integer systems the phase-space area enclosed by
the separatrices is approximately ellipsoidal and only
two separatrices are present, which is of advantage for
loss collimation.

First simulations using the extended code have re-
vealed a potentially much larger sensitivity of the half-
integer extraction to power supply ripple and noise.
This can be understood in terms of the fact that the
parabolic separatrices change their shape with the tune
of the particle. The effect leads to an enlargement of
the emittance of the extracted beam and may increase
the hit rate on the side of the extraction pre-septum.
For the same reason chromatic extraction appears to be
much more difficult with the half-integer system than
with the third-integer system. In Fig. 105 the intensity
distribution of the extracted beam is given. The duty
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factor is 64±4%, about the same as for third-integer
extraction.

Beam transfer

Throughout the year development of a beam trans-
fer line between the D and E rings has proceeded. Be-
cause these rings have been changed from circular to
racetrack structures it was necessary to generate new
ring-to-ring transfer lines.

Over the year the possibilities were reduced to two
types. One utilizes two reverse vertical bends with an
intermediate horizontal section. This system is achro-
matic in both planes and its transfer matrix between
corresponding points in the D and E rings is + / in
the horizontal plane and —/ in the vertical. The other
consists of a single reverse vertical bend. It too has
a transfer matrix of + / in the horizontal plane and
is achromatic in both planes. Vertical plane optics is
such that phase space matching occurs between the
two rings.

Toward the end of the year modifications to the ring
structures were made, necessitating a redesign of the
transfer line. It now appears that the single vertical re-
verse bend system will satisfy the ring-to-ring require-
ments. Figure 106 shows one such design; quadrupole
sizes shown are indicative of the actual physical dimen-
sions required for the injected emittances quoted for
the D ring in the KAON Factory Proposal. This trans-
fer line uses two kickers, two septa and six quadrupoles.
However, this particular design requires a ring-to-ring
separation of 1.35 m rather than that desired of 1 m.

This study, as well as that between the other rings
and from TRIUMF to the A ring, will continue in the
next year.

0 5 i—

0 0 — -

-0 5 —

- 1 0 —

- 1 5 -

50 100
X (m)

150

Fig. 105. Intensity distribution for achromatic half-integer
extraction.

Fig. 106. D- to E-ring transfer - extraction following QSF3.
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Fig. 107. Foil hits for 1000 particle revolutions, (a) Beta-
tron tune Qx fixed, the synchrotron tune Qs is momentum
dependent; (b) both Qx and Q3 are momentum dependent.

H~ injection

The program ACCSIM has been expanded in both
physics content, and input/output routines. Several of
these were developed at CERN by II. Schonauer and
colleagues. Particles can be tracked under the influence
of transverse space charge forces and chromatic effects
may be included. The program DIMAD was modified
to give the closed orbit and transfer matrices for off-
momentum particles. These are calculated for the syn-
chronous energy and for two momenta on either side.
ACCSIM can interpolate in this array; however, it has
been found that, for the circular lattice used for the
study, it was sufficiently accurate, and faster, to evalu-
ate matrix elements as a function of momentum using
a quadratic polynomial fit to the DIMAD data. Fig-
ure 107 compares the number of foil traversals for a
single particle undergoing simultaneous transverse and
longitudinal oscillations calculated with and without
the inclusion of chromatic effects. The narrow peaks
and valleys are associated with synchrobetatron reso-
nances. Incorporation of chromaticity into the calcu-
lation can increase (he foil traversals for an individual

particle by 20%; however, the average change for the
complete ensemble for the TRIUMF painting scheme
and lattice is much less. This differs from the results
found in the EHF study.

Input particle distributions can be generated to pop-
ulate a binomial distribution. Output includes calcula-
tion during accumulation of tune shift, bunching fac-
tor, brightness parameter e, and the emittance contain-
ing a specified fraction of the beam.

The number of foil interceptions decreases as the
area approaches that required to cover the incoming
H~ beam spot. This requires two or more free sides
similar to the foils used in TRIUMF. There had been
concern that such foils would curl due to the greater
rate of radiation damage in the A ring and calculations
were initially made for foils with one free edge. How-
ever, experience at other laboratories indicates that
two-sided foils may be practicable and a 220 /;g/cnr
carbon foil was successfully mounted in a frame giving
an exposed area >4 cm". The material has been used
in the intense CP-42 beam.

The large number of foil traversals make it impor-
tant to estimate correctly the consequences of Coulomb
scattering. With the help of the Theory group the po-
tential due to the target nucleus and atomic electrons
was calculated by a Hartree Fock method and the scat-
tering cross section calculated over the range of inter-
est. These calculations are being extended over a range
of target materials and bombarding energies.

Beam stability

The dominant sources of impedance seen by the
beam are the rf cavities. An upper limit of a few kV.
for the shunt impedances of the parasitic modes has
been communicated to the rf group. This limit can-
not be pinned down more accurately until computer
simulation studies have been performed.

By adding up contributions from space charge,
pumping ports, beam monitors, beam pipe tapers, and
so on, beam pipe impedances in all rings have been es-
timated and compared with the allowed impedances. In
the A and C rings the beam pipe design is not severely
contrained by these considerations. In the B ring thr
beam pipe need not be modulated inside the magnetic
elements to follow the beam profile (as is done at ISIS)
unless 7, is less than about 7. In the reference design
the longitudinal emittance is blown up by a factor of
4 in the C ring. This allows j Z^/n | to be as large
as ~10 Q in the D and E rings. However, calculations
indicate that 1 to 2 Q is achievable if the beam pipe is
very carefully designed. This is a worth-while goal for
two reasons: The high frequency cavities in the C ring
to blow up the longitudinal emittance would be obvi-
ated, and the bunches extracted at 30 GeV would be
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shorter, allowing better time-of-flight secondary parti-
cle discrimination.

It has become clear that certain classes of exper-
iments contemplated for the KAON Factory require
debunched beam. The implications of this requirement
in terms of the beam pipe impedance in the Extender
have been investigated. It was found that an additional
blow-up of 6p/p can be avoided if yt can be made small
enough. For a beam pipe impedance | Z\\jn \— 10 fl,
7, must be no larger than 10. For bunched slow ex-
traction, 7t = 30e is preferred (as in the Driver) since
then the chromaticity does not need to be corrected.
The new racetrack lattice for the Extender can easily
be tuned over the range 7< — 10 to 30i.

Debunched beam also allows electrons to accumulate
in the beam. Slow extraction places an upper limit on
the tune shift and this places an upper limit on elec-
tron density. To keep the electron density low enough in
the E ring during debunched operation, clearing elec-
trodes will be required and the pressure must not ex-
ceed 10~9 Torr. Considerations of the c-p instability
(i.e. coupled motion between electrons and the beam)
lead to less stringent requirements on electron density.
Calculations have also been performed for the bunched
case in rings A through D. Especially with kicker gaps,
electron accumulation appears not to be possible.

Longitudinal dynamics

Through progress with analytical and simulation
models there has been significant improvement in the
understanding of longitudinal beam control and as-
pects of beam loading in the KAON Factory. The peak
voltage and bunch phase (<j>b) with respect to the rf-
waveform have to follow standard programmes, and
to compensate for pulse-to-pulse variations in magnet
and rf power supplies. Both these functions require
feedback of beam information. To control the bunch
centre we feed back the orbit displacement and mean
bunch phase to the rf-phase controller. This gives ra-
dial and phase control, respectively. To control the
bunch length we sense the bunch height and use this
as input to the (voltage) amplitude controller. A the-
ory of phase and radial loops, incorporating the effect
of delays, was formulated and reported in TRI-DN-88-
16. The report recommends loop configurations using
multiple beam sensors and gives stability conditions
for the loop delays and gains. Because of beam loading
the controllers are not independent. To the accelerating
cavity, the generator current and beam image current
are indistinguishable, and so the "drive" is their pha-
sor sum. An important step toward understanding this
phenomenon was computer simulation of the beam-
cavity interaction. The cavity is represented by an LCR
circuit, and the differential equations for current and

voltage solved exactly. The simulations suggest a fresh
interpretation of the Robinson stability criteria. The
incoherent bucket maintains the bunch shape, and the
coherent bucket delimits the range of stable oscillations
of the bunch centre. The Robinson condition applies
only to the coherent bucket height, and so viable op-
erating conditions exist up to sinip — (v3/2)cos <#b
where ip is the tuning angle. The chosen cavity tuning
is maintained by a loop. Attempts with a naive tuning
loop model showed instability, and prompted a concen-
trated analytic study; concluding that the Robinson
criterion is unaltered provided the tuning loop control
signal is differentiated. Following on this, a general ma-
trix theory of beam loading has been formulated for os-
cillations of the bunch centre and length. This leads di-
rectly to several important results. Firstly, only the ra-
dial loop can favourably alter the instability threshold,
the phase and amplitude loops merely modify growth
rates; and secondly, a mode-coupled Robinson criterion
which is more stringent than the original. Beam load-
ing can be compensated by high-level feedback. The
note TRI-DN-88-29 recommends some parameters for
the Booster ring power amplifier. There are many con-
flicting physics issues, for instance beam-loading versus
coupled bunch instability, and these were ranked be-
fore choosing the values of gain, group delay and time
constant.

In parallel with the work on beam loading, contin-
ual improvements have been made to the LONG ID
longitudinal dynamics code. Perhaps the most useful
application of LONG ID (this year) has been study of
a high harmonic cavity in the Collector ring. Phase
modulation is used to mimic rf-noise, to produce delib-
erate longitudinal emittance growth. A 1.2 GHz cavity
with bandwidth 0.384 MHz, producing 1/3 the main
rf voltage and modulated at 4 times the synchrotron
frequency can produce the four-fold emittance growth
needed to avoid microwave instability in the Driver
ring.

rf cavity development

Parallel-biased cavity:

The parallel-biased ferrite tuner cavity with air di-
electric tuners was delayed in the workshop due to
other priority jobs and is scheduled to be completed
early in the new year.

Perpendicularly biased cavity:

The Los Alamos booster prototype cavity arrived in
August with three of the six required ferrite rings of
which two were damaged. One of them was shipped
back to the manufacturer for repair and four new rings

136



were ordered to make up the required complement of
six. The damage to the ring was caused by sparking
and overheating at a bad rf joint. This also badly pit-
ted the water cooling bladder and end flange beyond
repair.The vertical section which supports the tube and
input circuitry was not included and new ones had to
be made. The water bladder and end flange are almost
complete in the machine shop.

The conceptual design of the ac yoke coil and cavity
has started.The bias power supply for the ac biasing of
the ferrite rings is due to arrive in February 1989.

The design of the interlock sequencing and metering
system is complete and manufacturing at the Univer-
sity of Manitoba should begin early in the new year.

The 2.4 kW solid-state driver amplifier consists of
eight 300 W units combined through an eight-port
broadband combiner. The amplifier has been tested
into a 50 Q load transformed through the tube socket
and input cavity assembly. There are still output,
VSWR matching problems to solve on the combiner.

The magnetizing field used to bias the ferrite rings
will interact with the beam. One possible solution is to
have the two cavities back to back with the coils wound
in opposite directions. However, space limitations may
not allow this solution. Another solution is to go to the
Los Alamos main ring cavity design where the magne-
tizing coils are placed between the ferrite rings. With
such an arrangement the magnetic fields set up by the
individual coils cancel each other along the beam axis.
A new rf design to accommodate such an arrangement
is presently being investigated.

An ac magnet code PE2D that takes into accouni
eddy current effects was purchased. It was found that
eddy currents induced in the wall of the rf circuit
changed the field distribution in the ferrite. A more
detailed study of the magnetizing fields, both with re-
spect to the fields on the beam axis and the effect of
eddy current losses on the magnetizing field, are being
carried out by the Magnet group.

TRIUMF/Los Alamos collaboration

Work at Los Alamos. A new design of the main ring
cavity for testing in the PSR now has the amplifier
and the tuner horizontally displaced off the beam axis
leaving the space above the accelerating cavity free for
another ring. The tuner still has the magnetizing coil
between two ferrite rings to produce a radial magnetiz-
ing field rather than a longitudinal magnetizing field as
proposed in the booster cavity. The large outer cavity
structure is being built from cast aluminum for bettor
mechanical properties.

A one-half scale model of the main ring cavity has
been built to investigate the damping of higher-order
modes.

Work at TRIUMF. AECL Chalk River have devel-
oped a 300 W rf broadband amplifier unit based on the
same Motorola design as ours but are combining ten
units for a better margin of safety. As part of a collab-
oration with Chalk River we have placed an order for
the 10-unit driver amplifier which will be used in the
driver amplifier system for the Los Alamos PSR tests.

The interlock sequencing and metering system for
the rf driver has been designed and is being manufac-
tured at the University of Manitoba.

A generic rf amplitude and phase regulator control
system has been designed and bench tested with closed
loops. RF boxes, modulators and detectors have been
tested at signal level in closed loop on the separator
cavity. A programmable PID regulator lias been as-
sembled with a bandwidth in excess of 300 kHz. Reg-
ulator performance for PSR injection transients have
been simulated.

A VME hardware interface has been developed and
PCB layout of the VME regulator cards has started. A
VME computer system and software has been assem-
bled for board development.

The effect of fast feedback loops in decoupling the
cavity phase and amplitude loops under heavy beam
loading has been analysed. Details are described in
TRI-DN-88-12.

Two methods of damping higher-order modes were
investigated. One method involves introducing, at the
high voltage section of the cavity, a coupled section
of transmission line terminated into a resistive load.
The dimensions selected are such that the electric and
magnetic coupling are balanced at the fundamental fre-
quency. The second method introduces a concentric
ring around the inner conductor of the cavity. One
end is terminated into a resistive load and the other
end by an inductive load to provide a high pass filter-
ing action. Theoretical analysis of both methods shows
that it is possible to reduce the shunt impedances of
higher-order TEM modes to acceptable levels without
affecting the fundamental mode. A simple quarter wave
length model has been built to investigate the damping
of higher-order modes by the above methods.

Magnet power supplies

Activities during this year saw the completion of the
NINA magnet teststand for conducting magnet exci-
tation tests as required for the Booster of the KAON
Factory. Preliminary tests were carried out at single
frequency excitation to understand system behaviour
and the capacitor disconnect switch was incorporated,
resulting in dual frequency operation. Some difficul-
ties were encountered with the operation of the GTO
commutation but those have since been solved. Fur-
ther tests will be conducted during 1989 to continue
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the work of specifying the power supply requirements
for the KAON Factory acceleration rings. The recom-
mendations arrived at during the KAON PDS Magnet
Design Workshop were incorporated to the extent of
going with large central power supplies as opposed to
a large number of distributed supplies. The proposal
for modified cells for dc bias supply purposes was also
adopted.
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KAON FACTORY PROJECT DEFINITION STUDY

INTRODUCTION

The KAON Factory Project Definition Study
(KAON PDS) is ajointly funded venture costing $11M,
and supported by the B.C. Provincial Government and
the Federal Government of Canada. The budget was
put in place by the Steering Committee on October 1.

The main aim of the KAON PDS is to remove as
many of the uncertainties as possible from the final
cost estimate of the KAON Factory. This will entail
a final design for the machine and a layout, with civil
engineering studies, of the accelerator tunnels, build-
ings and experimental halls. A number of prototypes of
crucial components will be produced and tested. This
work will be summarized in a report which is due on
December 31, 1989.

In addition to these technical aspects, the KAON
PDS involves a number of other studies:

1) An organized round of international consultations
will take place with a view to assuring indications of
possible contributions to the KAON Factory construc-
tion from outside of Canada. An integral component
of these discussions is a series of Science Workshops
aimed at involving nonCanadian scientists in the shap-
ing of the scientific program.

2) A study of the industrial capabi'ity across Canada
to supply the components required to construct the
facility.

3) A study of the economic benefits which will flow
from the construction and operation of the KAON Fac-
tory in Canada.

4) An environmental impact study will be under-
taken.

5) A legal study will be set up during the year.

All of the above elements should be concluded during
1989, and the reports submitted along with the Tech-
nical Report and Cost Estimate. Some of the technical
aspects of the KAON PDS are reported in more de-
tail below. Others, where they are a continuation of
studies already under way, such as Beam Dynamics,
Magnet Power Supplies and rf Cavity Development,
are reported under the KAON Factory section of the
Accelerator Research Division (pp. 130-138). Similarly
H~ Extraction is reported under Cyclotron Division
(p. 117).

SCIENCE WORKSHOPS

The major activity in 1988 was the organization of
a Workshop on CP Violation at the KAON Factory

on December 4. The workshop was held immediately
following a very successful symposium on rare decay
processes at TRIUMF, and was very well attended by
both TRIUMF people and by many of those who had
attended the Symposium. A series of talks reviewing
the exploration of CP violation effects associated with
the s-quark were given, followed by a discussion on the
use of the intense kaon fluxes which will be available at
the KAON Factory. The proceedings of the workshop
are being published as a TRIUMF report (TRI-89-3).

EXPERIMENTAL AREAS

An initial investigation of the possible combinations
of forward secondary channels from the production tar-
gets was completed. It was found that there are in fact
a large number of possibilities although in some cases
one of the channels will be compromised in total flux-
by as much as a factor two. The relative merits of two
or three production targets in line were investigated. A
complete set of secondary kaon channels could be in-
corporated into a design with three in-line production
targets with some compromises in the channel accep-
tance. This arrangement gave the most kaons per inci-
dent proton but was inflexible and coupled the chan-
nels very tightly.

A preliminary layout of the experimental areas was
completed and entered into the CAD system. This lay-
out can be easily overlaid on the site plan. It. incor-
porates an extraction, beam splitting and transport
system designed to transport the slow extracted beam
from the Extender ring to four production targets.
Transport of polarized protons to an experimental area
and of the fast extracted beam to a neutrino facility
have also been provided. A possible disposition of sec-
ondary channels was chosen for each of the production
targets based on the investigation mentioned above.

The siting of the main accelerator rings around the
existing TRIUMF facilities gave limited space for ex-
pansion of the experimental areas. Initial investiga-
tions of alternative locations for the accelerators were
started.

Switchyard to experimental areas

During the latter part of the year a preliminary ver-
sion of a beam delivery system to the experimental
areas was developed. It was requested that such a sys-
tem be capable of delivering beam to one proton ex-
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perimental hall and two kaon experimental areas. The
first configuration developed is shown in Fig. 108.

Beam is extracted in the horizontal plane from the
straight section of the E ring. An achromatic section
directs beam to the lower (in Fig. 108) proton experi-
mental hail. A reverse achromatic system directs beam
to one of the two kaon halls shown in the right centre
of the figure. Beam is split between these halls using a
combination of rf and electrostatic separators followed
by Lambertson magnets. In all cases an achromatic
beam, nominally 3 ni;n in diameter, is delivered to the
first target location in each experimental hall.

- 2 0 —

- 4 0 —

-60
100 200

X (m)
300

Fig. 108. Extraction following QSD3 to experimental

It is clear from Fig. 108 that such a configuration
would cover a large area. Since this layout was con-
ceived, many alternative configurations have been in-
vestigated. At the present time the location of the ex-
perimental halls relative to the main rings is still in a
state of flux. When a more definite configuration has
been decided upon, further calculations will be per-
formed.

TARGETS

Two types of target arc being designed for parti-
cle production at the TRIUMF KAON Factory. In the
•'immersed" type the target material in the form of a
cylinder is enclosed in a jacket through which cooling
water passes. The cylinder is rotated about its axis
inside the stationary outer jacket by the cooling wa-
ter flow. The incident proton beam enters and exits
via thin "windows" in the jacket, passing through the
cylinder wail parallel to the cylinder axis. In the "bare"
type, the target, again in cylindrical form, is mounted

coaxially on a water-cooled cylinder: this assembly is
rotated about the cylinder axis by the flexible feed and
return cooling pipes. The proton beam passes through
the target cylinder wall parallel to the cylinder axis.
Calculation of temperature fields in these targets for
various incident proton beam condition and rotation
velocities is progressing.

Prototype testing of techniques for driving the "im-
mersed" type of target and testing of flexible cooling
lines for the "bare" target are well under way. Draw-
ings for production of a prototype "bare" target for
test in the TRIUMF beam have been started.

MAGNET DEVELOPMENT

The program for the PDS year which started on
October 1 is shown in Fig. 109. It is intended to
concentrate on the design of and procurement of the
fast-cycling Booster dipole and quadrupole prototypes.
Other magnets will be only conceptually designed and
costed for reference purposes. The Booster magnets are
the most complicated electrically and we will learn the
most from their design problems. By the end of the year
we had made comparison designs of a combined func-
tion and a separated function magnet and decided that
the separated function magnet was preferable. Pro-
grams to f tudy directly the eddy current losses in con-
ductors subject to an alternating field and iron losses
with our biassed dual frequency waveform are also in
hand. Some visits were made to industrial companies in
December in connection with electrical steel availabil-
ity and the secondment of engineers for the PDS. We
had also arranged for Dr. M.R. Harold of Rutherford
Appleton Laboratories to visit in the coming year.

A method of measuring dipole effective lengths us-
ing the rotation of a polarized beam of light was pro-
posed at the Magnet Workshop and received enthusi-
astic encouragement. Preliminary measurements have
been made and the work will be pursued in the coming
year.

KICKERS

A kicker group was formed at the beginning of the
PDS to study the current state of conventional mag-
netic kicker technology and identify the kicker magnet
parameters for all injection and extraction regions and
to prepare cost estimates for these devices.

In the 5 accelerator rings in the KAON Factory kick-
ers are required for all ring-to-ring transfers. The circu-
lating beam is present in a series of pulses or "buckets"
at the synchrotron rf frequency of 46 MHz. There is in-
sufficient space between these pulses for conventional
kickers to operate. A gap of 80 ns will be produced in
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Fig. 109. Scheduie for magnet development during Project
Definition Study year.

the beam by eliminating 5 of these pulses so that after
the tail of the beam passes there is sufficient time for
the kicker to rise to full strength before the head of
the next beam arrives. The method of producing the
gap is to be determined. One option involves increasing
the circumference of the booster ring by 24 m (80 ns)
and then developing a kicker with a 10 ns rise time for
extraction from the A ring. Another option involves the
use of a chopper with pulse rise and fall times of 36 ns
at a rate of 106 pulses/s for injection to the A ring to
sweep out 2 or 3 beam pulses every microsecond, thus
leaving a 5 pulse gap in the A ring.

The fabrication components of the prototype magnet
module and the electric kicker and associated 1 MHz
pulser, power supply and pulse forming network will be
contracted to industry. This is a very specialized area
and it is not clear at this time the extent of involvement
by Canadian industry although this will be explored.
For many of Vhe kickers built recently English Electric
Valve, which has a Canadian subsidiary, has supplied
the fast switching tubes and pulse-forming networks. A

major component cost for the kicker systems consists of
several km of 60 kV coaxial cable for the pulse-forming
networks as well as a 30 kV coaxial cable for pulse
transmission. The 60 kV cable is a specialty item and
at present no one in the world is tooled up to produce
this type of cable. There will be some opportunities
here for Canadian industrial co-operation.

The KAON PDS Magnet Design Workshop was held
at TRIUMF Oct 3-5. There is a lot, of expertise at syn-
chrotron laboratories around the world in kicker mag-
net technology but this expertise does not exist at TRI-
UMF as the present cyclotron does not require such
devices. Several experts from CERN, DESY, LAMPF
and other laboratories attended and described their
experience with these devices. There were many useful
discussions at the Kicker Working Group sessions and
many useful contacts made. Some decisions were made
based on the expert advice that we received. We will
focus on the transmission line type of kicker magnet
as is used at CERN rather than the lumped element
design that is used at DESY. We also learned that it
would take at least a year for an experienced group
at CERN or DESY team just to copy an existing de-
sign. It would likely take a year to get some cable for
the delay lines. J. Riimmler stated that it would take
1.5 years at DESY to build up a new system including
the PFN and a magnet and then it would take several
months to test. This takes into account that he has
experienced engineers, draftmen and machinists who
know about all the problems. At CERN from 1970 to
1980 it took 100 man years to complete the installation
of kickers that is only slightly larger in scope than the
KAON Factory.

Arrangements were made to borrow a resonant
charging circuit and a kicker magnet module from the
PS Division at CERN. This is being assembled and
operated at CERN initially and will be sent here for
extensive testing. A team from TRIUMF will go to
CERN in mid January to complete the initial check-
out of the borrowed equipment. Low voltage tests will
be performed on the magnet module. We will have to
have another magnet built in order to do high voltage
tests since the CERN pulser is not impedance matched
with CERN magnet. We will have to purchase test,
equipment and some peripheral equipment to complete
the system. We anticipate receiving the equipment by
Easter. Modifications are to be made at TRIUMF so
that the repetition rate can be increased from a few Hz
to 50 Hz.
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BEAM PIPE AND VACUUM SYSTEM SYSTEMS INTEGRATION

The KAON Factory fast-cycling accelerators create
a technically challenging problem for the design of the
beam pipe. The requirements of ultra-high vacuum,
low eddy currents, and low longitudinal impedance
must be met simultaneously if high-current beams are
to be stably accelerated. These requirements can be
met using a ceramic beam pipe and a suitably de-
signed rf shield. This shield can either be metal strips
"painted" on the ceramic, or a separate metal cage;
in either case the metal must be inside the ceramic to
keep the impedance acceptable. These two options are
being fully investigated as a part of the KFPDS.

A comprehensive study of the effects of beam pipe
components such as bellows and pumping ports on the
longitudinal impedance seen by the beam is under way,
along with the effect this impedance will have on beam
stability criteria.

Two aspects of the vacuum system that could pro-
duce significant problems with beam operation have
been identified, namely: beam-induced multipactoring
and beam-induced 'on desorption. These two effects,
where either electrons or ions are created at the beam
pipp wall by electrons or ions hitting it with a kinetic
energy of about the beam potential, have created con-
ditions that have limited beam currents at other ac-
celerators. L.••;• ~<Timents are being designed to measure
these effects and establish procedures for vacuum pipe
cleaning so as to eradicate any potential adverse effects
on the beam quality from the vacuum cleanliness of the
walls.

The main task of the systems integration group is to
determine how the various accelerator components in
the tunnels and transfer lines can be installed, aligned,
powered and serviced. These requirements impact the
various tunnel sizes and the location and size of the
equipment buildings.

During the initial months of the Project Definition
Study most of the effort was spent in determining the
specifications and parameters of the different compo-
nents and their location in the lattice. One decision
was made early on as a result of having two or more
rings mounted vertically above each other: the dipole
magnets are to be designed to be self supporting with
mounting at two positions along the magnet arranged
to minimize magnet deflection.

Once more of the parameters of the magnets are
determined a contract will be let for the conceptual
design of a magnet transporter for installing and re-
moving the magnets in the accelerator tunnels. More
detailed studies of the factors influencing the vertical
separation of the rings such as component size and
transfer lines will be carried out. It is envisaged that a
tunnel mockup will be constructed to show in full scale
a representative set of components, support stands and
services in the tunnel.
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CONTROLS, ELECTRONICS AND COMPUTING DIVISION

INTRODUCTION

Last year's annual report left the computer situation
at TRIUMF in a suspenseful state. Would we stay with
DEC, move to FPS or move to SCS? Well, as you are
probably aware, we ended up by staying with DEC.

Mary factors folded into this decision. Further un-
derstanding of usage patterns led to the conclusion that
the adding of a powerful back door to the VAX clus-
ter would not have had the desired effect of improving
the overall computing environment at TRIUMF. The
number of erstwhile VAX cycles that would move out
the back door would not have been sufficient to cause
a marked improvement in VAX responsiveness. Hence
the presence of a wide open, powerful back door would
not have been felt by the majority of the computing fa-
cility users. On the other hand there would have been
a small set of very happy users who had found a com-
puting nirvana in our backyard and were plotting even
more ambitious computing projects.

Not only were we short of computing power, we also
lacked adequate disc storage and magnetic tape facil-
ities. The DEC option that we took addressed all of
these issues while staying within budget while the back
doors only really addressed the first problem, that of
computing power. In the end our choice was helped
along by an increased price discount allowed by DEC
even though the higher discount still fell far short of
that our colleagues in the United States routinely ob-
tain.

Organization changes at TRIUMF to cope with the
PDS have led to great changes in the divisional struc-
ture at TRIUMF. Division VI (as our friends call us)
used to consist of the Technology and Administration
Divisions. It has now been redefined to consist of Elec-
tronics, Controls and Computing, which in many re-
spects represents a subset of our earlier incarnation.
The redefinition process is still f,oing on so what we do
may change but our name and enthusiasm remains the
same.

ELECTRONICS SERVICES

There was a major reshuffling of the Electronics Sup-
port group in 1988. The electronics shop, nucleonics
repair pool, site repair facility, and portions of the mi-
croprocessor development lab were reconfigured. Brian
Evans was put in charge of this area which is now called
"Electronics Services". Rob Hansen works as supervi-
sor for the nucleonics pool and the repair facility. All

these services are now located in Trailer Gg (behind the
cooling tower). Other personnel changes included tin;
addition of a personnel computer service technician for
support of all IBM PC/XT/AT style computers. Ex-
tra support is also available in the area of Ethernet
and PACX installations and maintenance. A policy of
instat.t exchange on defective VT-lOOs and Ataris was
implemented in the repair facility.

Microprocessor development included continuing
support of IBM software and hardware. A Novell lo-
cal area network was installed in trailer Gg. This net-
work will eventually tie all the IBM-based machines to
a common file server. The ATE facility was converted
from an older CP/M base to an IBM machine.

A major support effort was given to the SLD project.
This involved the design and construction of a system
for the testing and qualifying of the LAC daughter-
boards. These hoards have 48 channels of amplifica-
tion and charge collection. A VME-based charge in-
jection, system timing, and data collection system was
produced. The system is controlled via an IBM com-
puter using a PC-to-VME interface card.

Major shop jobs included support, for the HMC
project, M9 project, manufacture of 110 delay boxes for
the site, support for the Controls group, manufacture
of cables for stores, and cabling for the new trailers.

PROJECT TEAM A

The year 1988 marked the first year of the reorga-
nization of the Electronics group and has provided a
better service to TRIUMF as a whole. The following is
a summary of our achievement in 1988.

We have solved a design problem of the CKS Q-hus
to CAMAC executive crate controller interface mod-
ule by redesigning the Q-bus part of the interface. The
problem is that, the controller times out before the CA-
M AC cycle is executed when a crate at the end of a long
parallel CAMAC branch is addressed. The successful
completion of this project, is important to THIUMF for
the implementation of micro VAX workstations.

A preliminary CAMAC-based control system for the
three lasers used to polarize 14 was completed by using
both commercially available optical instrument control
modules and in-house-designed controllers. A paper
about the system was presented at the NSS in Novem-
ber. Design of the final system is under way.

We have completed the drift chamber electronics
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project for the RMC experiment, which is a mod-
ified copy of the drift chamber electronics for the
Brookhaven Expt. 787. It involved the modification
and production of an integrated system of over 1600
channels of 200 MHz bandwidth preamplifiers, pulse-
shaping postampiifiers and discriminators utilizing
surface-mounted hybrid technologies. With the expe-
rience we have gained from the Expt. 787 production,
the RMC system was improved with a lower system
noise. Also a production co^t reduction in material and
contracted labour of over $50,000 was realised.

Initial design of a CAMAC device for buffering of
fast chamber signals has been completed. This device
will delay high-speed digital signals from proportional
wire chambers for up to 5 //s before read-out, and is
part of a complete data acquisition system performing
some of the functions of the LeCroy PCOS system but
at a much lower cost.

The protocol control logic device (PCL) is a semi-
custom integrated circuit for FASTBUS slave interfac-
ing which is being designed at TRIUMF. It is a com-
panion to the ADI, a semi-custom device designed by
TRIUMF in 1985. The PCL and ADI may be used
together to form an all-purpose FASTBUS slave inter-
face. The PCL has an equivalent complexity of 1450
gates of random logic and occupies nine D-size draw-
ings. During the past year the design has been exten-
sively refined and improved. Much testing has been
performed with the device embedded in typical mas-
ter and slave devices. A specially prepared preliminary
design which does not require expensive special com-
ponent libraries for accurate simulation has been ex-
ported to FNAL for examination. Writing of manufac-
turing test vectors has been initiated in preparation for
prototype production.

We have started to develop our knowledge on digital
signal processing (DSP) technologies in the group. The
first application is to improve the beam line 2C toroid
beam current measurement system to resolve low beam
current readings. A programmable CAMAC finite im-
pulse response filter module with analog output and
CAMAC data access is also being designed.

Besides the particular projects mentioned above, we
have provided continuous maintenance and improve-
ments on systems or equipment that were designed or
implemented by our team members. A PC has been
incorporated as a second control station for the tank
vacuum control system. The ECL alternating router
module built in 1987 for the proton hall experimental
facilities group was revised to provide more features.
We have helped to try to install the graphite rotat-
ing target and in developing the control electronics for
another rotating target geared towards the KAON fac-
tory project. The liquid deuterium target control sys-

tem was modified to incorporate a high-current target.

PROJECT TEAM B

Hardware development

Development was finished on a general purpose
single-board controller (TRIC/8032). The board is
based on the INTEL 8032 microcontroller chip.
It contains 96 optically isolated digital I/O chan-
nels, a 16-channel, 12-bit ADC, three on-board
SDLC/asynchronous communications channels. An
SBX-bus connector allows packaging with commercial
I/O cards, and the processor bus is accessible through
an expansion connector.

A slimmed-down version of the TRIC/8032 board
(TRIC/Junior) was developed. It has only digital I/O
and no SBX-bus, but retains one asynchronous channel
and the expansion bus. It is intended mainly to be a
flexible replacement for relay logic boxes.

A series of communication boards was developed
which can be used for transparent communication us-
ing the TRIUMF 0694 CAMAC memory SDLC proto-
col. Development of an STD-bus module is complete.
A daughter board for the TRIC/8032 controller board
and an IBM PC interface are now available as proto-
types. Any combination of these modules can be used
on an SDLC link.

Triggered by the needs of TISOL, a remote analog
module for OPTOMUX was developed. It is connected
to the OPTOMUX analog board via fibre optics cable
and allows the operation of a separately powered OP-
TOMUX ADC/DAC pair at a potential and location
which is different from the OPTOMUX rack.

Work was also started on an eight-channel convec-
tron gauge controller.

Software development

For the TRIC/8032 and TRIC/Junior boards a soft-
ware development environment was set up on an IBM
PC. General support routines, e.g. download moni-
tor, I/O scan, etc., were written in INTEL assembler.
For application development, a C cross-compiler from
Archimedes was purchased. A source-level debugger
and a simulation package from the same manufacturer
allows extensive software testing on the PC.

Work on the PC-based TICS control software pack-
age continued. New features include data logging and
retrieval, graphics display of logged data, real time
data monitoring, and integrated automatic device tun-
ing. In addition, TICS now provides control hardware
support for the Gould Modbus protocol through the
serial port of the PC, for the Transiac model 6002 CA-
MAC controller with PC bus interface, and for Data



Translation I/O interfaces. As both the TICS- and
TRIC-related software development involve more than
one person, version control software was purchased
from Polytron Corp. The package proved to be very
easy to use and invaluable for managing the develop-
ment process.

System development and support

The TISOL control system was upgraded to control
the 3-D movement of the extraction electrode as well
as the electrostatic beam line. The system now has a
capacity of 160 digital and 100 analog I/O channels.

The local control systems for the M20 dc separator
power supplies and the dc separator vacuum system
were completed. Both were implemented with proto-
types of the TRIC/8032 controller.

The vacuum control system for the new M9 channel
was implemented with a Gould Programmable Logic
Controller similar to the M15 system. A PC running
the TICS software package was installed as supervisor
system and user interface. This system is simultane-
ously used for logging and monitoring of data from
the superconducting solenoid via CAMAC. For the
solenoid, quench detect logic circuitry, solenoid voltage
imbalance detect circuitry, as well as signal condition-
ing for thermocouples and cryo-resistors, were devel-
oped and/or installed.

For the solenoid commissioning, a PC-based fast log-
ging system was developed which records the voltages
across the 12 coils every few milliseconds for 10 s before
and 15 s after a quench.

The M9 installation forced an upgrade of the rough-
ing valve interlock system for all meson hall secondary
channels. Ii was moved from the REMCON computer
to a local controller based on the TRIC/Junior board.

A TRIC/'Junior board was installed to replace aging
relay logic for the energy selector slits of the medical
channel M8.

For a group from the University of Manitoba, a
PC/XT-based TICS system was commissioned to mon-
itor their cryogenic target.

Phase II of the secondary channel control upgrade
will sec a decentralization of control using PC-based
TICS systems. At the same time the motor control
hardware for slits, jaws and absorbers will be modern-
ized.

M9 was used as a guinea pig for testing the new con-
cept. A prototype of aTRIC/8032-bascd ac motor con-
troller was developed and commissi med on M9. TICS
systems were installed on M9, Ml5 and M20. The inte-
grated automatic channel tuning facility of TICS was
successfully used on all three channe/s and proved to be
very helpful during the commissioning of M9. For Ml5
and M20, TICS command procedures were written to

condition the dc separator high voltages.
A new major project for the group is responsibil-

ity for the design and implementation of the control
system for the TR30 cyclotron. The conceptual design
calls for a commercial solution based on Affen Bradley
PLCs and supervisory software from Dynapro Systems
International, Vancouver. This project is now in the
detailed design stage.

In addition the group supervised one co-op stu-
dent from BCIT and two work study students from
Kwantlen College, who won first prize at the BC sci-
ence fair for their work study project.

DATA ANALYSIS CENTRE (DAC)

Computing hardware

During 1988 TRIUMF baa made a considerable ef-
fort to upgrade its present computing facilities in or-
der to keep up with the growing demand from its user
community. The first upgrade phase took place at the
beginning of the year. The second phase was neces-
sary to accommodate the heavy computing needs of
the KAON Factory Project Definition Study (PCS)
group, which received final funding in October.

During the first phase the existing VAX8600 was up-
graded to a VAX8650 and a second VAX8650 proces-
sor was added. Both machines and the old VAX780
now constitute the TRIUMF Cl-based VAXclusler.
Following the tradition to name the machines after for-
mer TRIUMF directors, the new machine was given
the name REG (after J.R. Richardson). The purchase
was bundled with two clusterable tape drives (TA79),
an SA-482 2.5 Gbyte disc storage array, an addi-
tional HSC50 disc controller and a memory upgrade
to 32 Mbyte for each of the VAX8650 and to )l> Mhyic
for the VAX780. Memory upgrade and additional disc
space allowed a dramatic increase in system perfor-
mance and system response.

The decision to stay within the VAX processor fam-
ily was made after a careful evaluation of user needs.
It was felt that the broad spectrum of applications at
TRIUMF could not readily be accommodated with any
other machine on the market, although in most cases
the price performance ratio of other machines did seem
attractive. Second, program portability was an impor-
tant factor, and for some applications the amount of
work needed for porting would have been prohibitive.
Further, the growth path for a non-DEC solution did
not seem to be nearly as clearly defined as within the
VAX family, where the concept of decentralized com-
puting (workstations) was about to emerge as a highly
cost-effective path for future upgrades.

The choice to add the unibus-based VAX8651) to
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TRIUMF's Computing facility was made after it had
become clear that a VAX8650 was (and still is) the
fastest uni-processor within the VAX world.

Coincidental with the funding of the KAON Fac-
tory project definition study in the third quarter of
1988, Digital Equipment Co. released its new, highly
cost-etTective VAX workstation program, which was an
attractive solution to accommodate the very specific
computing needs of the KAON Factory PDS group.
About 10 workstations (of the type VAXstation 2000
and VAXstation 3200) were added and placed into
the offices of PDS group members. VMS5.0 then al-
lowed configuration of a mixed interconnect Local Area
VAXcluster environment, which made all stations and
the Cl-based cluster members of one large VAXcluster
family. This concept allowed to make use of all exist-
ing computing resources at TRIUMF in an efficient and
transparent way. Furthermore, the additional workload
for management and administration remained accept-
able, which was another important factor for choosing
this upgrade path. A complete diagram of TRIUMF's
computing facilities including present network connec-
tions is shown in Fig. 110.

Miscellaneous hardware

In parallel to, and also partly initiated by the com-
puting hardware upgrade project, we have substan-
tially increased our local area networking capability
during 1988. Two new Ethernet sections off the main
spine were installed and put into operation. With the
present extensions almost any office on site is now
within 50 m of the Ethernet cable. A total of seven
terminal servers (type Emulex P4000) were installed at
specially chosen locations. This has eliminated the fre-
quent queueing of login requests experienced the year
before caused by the limited number of terminal port
connections to the PACX2000 (16 for JACK, 32 for
ERICH and none for REG).

In July the PACX2000 was upgraded to a GAN-
DALF STARMASTER. The STARMASTER now
offers additional functionality allowing PACX-to-
VAX connections through Ethernet using a proto-
col (EGP) developed by GANDALF. The software
(hardware) still contains a number of flaws which
makes its use cumbersome and unfriendly. However,
STARMASTER-to-STARMASTER connections (e.g.
to UVic through BCnet) are possible without diffi-
culties. At the same time our HEPnet connection to
SLAC was upgraded to 19.2 kb. Again, the GANDALF
equipment did not live up to its designed functional-
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ity making this link highly unreliable over a long time.
The problem has now partly been solved after several
hardware and software revisions and an installation of
a DMF32 communication board on either side of the
line.

Finally, with t.he introduction of 8 mm VCR tape
storage technology (storage capacity 2.5 Gbyte), three
units were given to us on a trial basis in August. Af-
ter requesting a number cf modifications to be imple-
mented by the manufacturer to increase their reliabil-
ity, the units were finally accepted by the end of the
year. Ever since, the user community feels extremely
ple?.sed, and purchase of more units is anticipated in
the forthcoming year. A dedicated unit for SYSTEM
use presently performs automatic backups of all user
discs on a 24 h cycle.

System software

Two software packages were installed in 1988, which
have greatly enhanced system performance and re-
sponse. The most noticeable one is the Dynamic Load
Balancer package from Touch Technologies. This soft-
ware takes snapshots of the entire cluster every 90 s
and tunes system parameters that are critical for an
effective CPU usage and fast response. The effect of
this software was immediately felt.

The second package is the RABBIT-7 disc defrag-
mentization software distributed by RAXCO. This
software is capable of restructuring a disc volume

(even while in use) by optimizing contiguous file space,
thereby significantly reducing file access time. This
software program is also regularly initiated for each
disc on the system.

Network

The official opening of BCnet on June 14, with
Provincial and Federal Ministers attending, was the
highlight of 1988. A video clip on BCnet showing
among other things the importance of TRIUMF was
prepared and presented during the opening ceremonies.

With BCnet in place, TRIUMF finally joined IN-
TERnet, which is the TCPIP-based North Ameri-
can research network. The INTERnet connection is
established through the fibreoptic line to UBC and
from there routed through a 19.2 kb leased line to
the University of Washington in Seattle (using Pro-
teon Routers). To make this network transparent, the
Carnegie-Mellon University TCPIP protocol was in-
stalled on every machine within our cluster.

With the numerous network protocols and applica-
tions in place (DECnet, LAT, TCPIP, EGP, and in
particular the support of the Local Area VAXcluster),
the Ethernet bandwidth will soon become the bottle-
neck in TRIUMF's Local Area Network. At present
the average traffic already exceeds 30% of the Eth-
ernet bandwidth during day hours. Although some of
the traffic can be bridged, higher bandwidth media will
soon become necessary.
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CONFERENCES, WORKSHOPS AND MEETINGS

KAON PDS MAGNET DESIGN WORKSHOP

This Workshop was held October 3-5 and was at-
tended by 50 participants, including 17 TRIUMF staff.
Six of the attendees were from Canadian manufac-
turing companies. There were papers and discussion
on fast-cycling magnets, kicker magnets, power sup-
plies and measurement requirements. As a result of the
Workshop, the proposed kicker magnet program was
revised, and many helpful suggestions were received on
the design of ac magnets and power supplies. The pro-
ceedings will be published as a TRIUMF report early
next year [TRI-89-1].

RARE DECAY SYMPOSIUM

From November 30-December 3, 118 participants
gathered in the main ballroom of the Georgia Hotel
in Vancouver to review the most recent results in the
field of rare decays. Contrary to the remarks expressed
by other clients of the hotel, attendees were not con-
cerned with strange dental diseases but rather with the
remarkable vitality of a field which finds its motivation
in the search for "tiny effects" or, more accurately, in
the detailed exploration of the standard model and the
search for new physics via the study of very rare pro-
cesses.

The timing and location of the meeting coincided
with the recent announcement of support by the Cana-
dian Government and the Province of British Columbia
for an $11 million preconstruction study of the KAON
Factory, using the TRIUMF cyclotron as an injector.
The prospects of significantly improving precision in
the study of rare processes in the A" system at a kaon
factory and complementary measurements in other sys-
tems, in particular using B mesons, provided the initial
motivation for the Symposium. The fact that it was so
well attended, despite following several gatherings on
these subjects during the summer, shows the strength
and wide interest of a large segment of the subatomic
physics community who will be major players in the
exploitation of future A' and B meson factories.

As the organizers tried to limit the scope of the meet-
ing and focus on a number of physics issues, the selec-
tion of topics was based on three main areas: K decays,
D decays and CP violation. The emphasis was on re-
cent results. Unfortunately, presentations on other re-
lated rare processes had to be limited to a few lectures,
but the invited speakers were most effective in review-

ing the field and integrating their presentations into
the main thrust of the meeting.

WORKSHOP ON CP VIOLATION AT THE
KAON FACTORY

This one-day Workshop on December 4 was well at-
tended by both TRIUMF people and by many of those
who had attended the Rare Decay Symposium. Up-
to-date reviews were given on the exploration of CP
violation effects associated with the s quark, followed
by discussion on the use of intense kaon fluxes which
will be available at the proposed KAON Factory.

TRIUMF USERS GROUP ANNUAL
GENERAL MEETING

The past year has see?! a major expansion of the
Users' Group activities at TRIUMF, and this trend is
expected to continue in view of the recent announce-
ment of funding for the KAON Project Definition
Study (PDS). A major activity has been the initia-
tive to form an Intense Hadron Facility (IIIF) Users'
Group, which the TRIUMF Users' Executive Commit-
tee (TUEC) has undertaken in collaboration with sci-
entific colleagues in the United States and abroad. Two
IHF newsletters were distributed to a wide interna-
tional audience of subatomic physicists, and informa-
tion sessions were held at two major conferences: 'In-
tersections Between Particle and Nuclear Physics' held
at Rockport, Maine, and the APS Nuclear Physics Di-
visional Meeting at Santa Fe, New Mexico. In addition,
a report was submitted upon request to the CERN
Courier (September 1988 issue).

In 1988 the TRIUMF Users' Group provided par-
tial financial support towards two topical workshops:
the Rare Decay Symposium held at TRIUMF Novem-
ber 30-December 3, and the Lake Louise Winter Insti-
tute. This support is specifically directed toward the
publication of proceedings of the workshops, with the
aim of making the scientific discussions available to
TRIUMF users at large.

The Annual General Meeting of the TRIUMF Users'
Group was held on December 8. The morning ses-
sions focused on recent scientific and administrative
developments at TRIUMF. E.W. Vogt welcomed the
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users and outlined upcoming important events for the
KAON Project Definition Study. J.-M. Poutissou pre-
sented highlights of the past scientific year at TRIUMF
and discussed the restructuring of the TRIUMF ad-
ministration that has taken pface to accommodate the
KAON PDS. G. Dutto described the present ^iate of
the machine and outlined projects that will be under-
taken in the coming year, both to meet the aims of the
PDS and to improve beam reliability for ongoing ex-
periments with the cyclotron. A. Astbury defined the
goals and present status of the KAON PDS, and de-
scribed some of the interesting technical problems un-
der investigation during this phase of the project. New
developments in Computing Services at TRIUMF were
discussed by G. Ludgate (VAX data acquisition) and
C. Kost (VAX workstations), and D. Measday brought
the Users' Group up to date on NSERC Grant Se-
lection Committee and EEC issues. Dr. V. Lobashev
(USSR Academy of Sciences) gave an invited talk in
the afternoon describing intermediate energy physics
facilities in the USSR.

The rest of the meeting was devoted to talks and cer-
emonies celebrating the opening of TRIUMF's newest
beam line, M9B, which uses a superconducting magnet
contributed by Japan to produce high fluxes of polar-
ized /i~. Invited talks were given by Dr. II. Kamimura
(University of Tokyo) on 'The physics of high Tc su-
perconductors', Dr. K. Crowe (LBL) on 'Muon cat-
alyzed fusion', and Dr. J. Brewer (UBC) on '^SR -
Applied parity violation'. This was followed by an of-
ficial opening ceremony in the meson hall for the new
beam line, at which a number of distinguished guests
representing important contributions toward the joint
beam line project gave brief speeches: Dr. K. Kikuchi
(Vice-President, KEK), Prof. II. Kamimura (Univer-
sity of Tokyo), Prof. T. Yamazaki (University of
Tokyo), Dr. J. Child (National Research Council),
Dr. C. Grecnhill (Government of British Columbia),
Dr. B. Clayman (Chairman, TRIUMF Board of Man-
agement), Mr. E. McRae (Mitsubishi Canada Ltd.),
Mr. N. Uchidori (President, Mycom) and Dr. E. Vogt
(Director, TRIUMF).

The Users' Group AGM dinner was held at Brock
House and was attended by over 100 users. After
the dinner, Erich Vogt spoke on 'The evolution of
TRIUMF towards KAON', followed by discussion and
questions from the audience.

TUEC membership for 1980

S.A. Page
Chairman

D.R. GiJJ
Assoc. Chairman

C.A. Davis
P.W. Green
G. Wait
M. LaBrooy

Liaison Officer

Univ. of Manitoba

TJUUMF

TRIUMF/Univ. of Manitoba
Univ. of Alberta
TRIUMF
TRIUMF

The following members of the 1988 committee re-
tired at the end of the year: G.R. Smith (Chairman).
K.H. Hicks, W.D. Ramsay and G.M. Stinson. The
present members of TUEC would like to thank the re-
tiring members for their considerable efforts expended
on behalf of the TRIUMF users in the past year.

Long-Range Planning Committee

On behalf of the TRIUMF users, TUEC would like
to thank the members of the Long-Range Planning
Committee for their hard work and dedication during
the past year. The membership of the 1988 commit tec-
was as follows:

M. Blecher
Chairman

B.K. Jennings
Secretary

P.D. Barnes
E.W. Blackmore
E. Boschitz
K.L. Erdman
K.P. Jackson
S. Kowalski
A. van der Schaaf
W. Joho

(ex officio)
J.-M. Poutissou

(ex officio)

Virginia Polytechnic Insl.
State Univ.

TRIUMF

Carnegie-Mellon Univ.
TRIUMF
Karlsruhe
Univ. of British Columbia
TRIUMF
MIT
Universitat Zurich
PS1

TRIUMF

TUEC would particularly like to thank E. Black-
more, M. Blecher (Chairman), and B. Jennings, who
retired at the end of 1988 after serving three-year
terms. However, B. Jennings will continue, as an er
officio member, to act as Secretary. The 1989 Chair-
man of LRPC is P.D. Barnes.
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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 1988 the Board comprised:

University of Alberta Dr. C.R. James
Dean W.J. McDonald
Dr. G.C. Neilson

Simon Fraser University Dr. T.W. Calvert
Dean B.P. Clayman Chairman
Dr. J.W.G. Ivany

University of Victoria Dr. S.J. Cunliffe
Dean A.T. Matheson
Dr. L.P. Robertson Vice-Chairman

University of British Columbia Dr. D.J. Doyle
Dr. R.C. Miller
Dr. J.B. Warren

Non-voting members: Dr. J.J. Child, National Research Council
Dr. P.A. Redhead, National Research Council
Dr. E.W. Vogt, Director, TRIUMF
Dr. J.-M. Poutissou, Assoc. Director, TRIUMF
Ms. T. Murphy, 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. Associate membership at year-end:

Associate members: Dean C.C. Bigelow, University of Manitoba
Prof. R. Simard, Universite de Montreal
Dean R.L. Armstrong, University of Toronto

Other changes in 1988 were: In January, Dean P.A. Larkin, former Chairman, stepped down as University of
British Columbia member and was replaced by Dr. R.C. Miller. Later in the year, Dr. D.F. Measday joined the
board, as locum representing UBC following Dr. J.B. Warren's illness, as did Dr. J.T. Weaver for the University of
Victoria during Dean A.T. Matheson's sabbatical.

The board met four times during the year.

Administration

Under the directorship of Dr. E.W. Vogt, all TRIUMF personnel (until the September reorganization to ac-
commodate KAON Factory PDS requirements) were grouped into six divisions, with division heads and the ad-
ministration branch as follows:

Division Head, Science Division Dr. P. Kitching
Division Head, Applied Programs Division Dr. R.R. Johnson
Division Head, Cyclotron Division Dr. G. Dutto
Division Head, Experimental Facilities Division Dr. E.W. Blackmore
Division Head, Accelerator Research Division Dr. M.K. Craddock
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Division Head, Technology and Administration Division Dr. W.K. Dawson
Chief Financial Officer Mr. C.W. Bordeaux
Personnel Officer Ms. P. Adams

Following this reorganization, division heads for TRIUMF:

Division Head, Science Division J-M. Poutissou
Division Head, Applied Programs, Technology & Administration R.R. Johnson
Division Head, Cyclotron Division G. Dutto
Division Head, Controls, Electronics & Computing Facilities Division W.K. Dawson

and for the KAON Factory Project Definition Study:

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 nonvoting member. Members of the committee (alternate members in parentheses) at the end of 1988
were:

Dr. E.W. Vogt
Dr. J-M. Poutissou
Dr. W.C. Olsen
Dr. J.M. D'Auria
Dr. A. Olin
Dr. G. Jones
Dr. N. Davison
Dr. R.E. Azuma
Mr. DR. Pearce
Ms. T. Murphy
Mr. C.W. Bordeaux
Dr. J.J. Child

Chairman
ex officio

Secretary
ex officio
ex officio

Director
Associate Director
University of Alberta
Simon Fraser University
University of Victoria
University of British Columbia
University of Manitoba
University of Toronto
TRIUMF
TRIUMF
TRIUMF
National Research Council

(Dr. D.A. Hutcheon)
(Dr. K.P. Jackson)
(Dr. R.K. Keeler)
(Dr. C. Waltham)
(Dr. Y.M. Shin)
(Dr. W.P. Alford)
(Mr. A. Hurst)

Changes in 1988: Dr. W.C. Olsen replaced Dr. G. Greeniaus as senior member for the University of Alberta;
Dr. J.M. D'Auria replaced Dr. P.W. Percival as senior member, and Dr. K.P. Jackson replaced Dr. O. llausser as
alternate member, for Simon Fraser University; Dr. R.E. Azuma (Univ. of Toronto) replaced Dr. W.P. Alford (Univ.
of Western Ontario) as one of the two members representing users, and Dr. Alford replaced Dr. B.C. Roberton
(Queen's Univ.) as alternate member. Dr. J-M. Poutissou as Associate Director became an ex officio member in
place of Dr. P. Kitching.

TRIUMF Safety Advisory Committee

The TRIUMF Safety Advisory Committee (TSAC) consists of:

Mr. I.M. Thorson Chairman Applied Programs, Technology & Administration Divn.
Controls, Electronics & Computing Facilities Divn.
Applied Programs, Technology & Administration Divn.
Head, TRIUMF Safety Group
TAPC Chairman, Applied Programs, Technology k Admin. Divn.
Cyclotron Division

Mr. J.W. Carey alternate Cyclotron Division
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Dr. M.W.Greene
Dr. J.A. Macdonald
Mr. A.J. Otter alternate
Dr. T. Ruth
Mr. J.S. Vincent alternate
Mr. B. Abeysekera
Dr. P. Walden
Dr. D. Hutcheon alternate
Mr. M. Zach

Observers:
Dr. M.F. James
Dr. R.J. Walker
Dr. B. Phillips
Dr. D. Haig
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Appendix V

EXPERIMENT PROPOSALS

The following lists experiment proposals received up to the end of 1988 (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. Page
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10. Positive pion production in proton-proton and proton-nucleus reactions [completed], E.G. Auld, C!. Jones
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British Columbia)

22. Negative pion capture and absorption on carbon, nitrogen and oxygen [passed to Biomedical (Experiments
[-valuation Committee], II.B. Knowles (Washington State Univ.)

2.!. Study of decay modes a) T° —> 37, b) jr+ —» c* ve + 7, c) TT+ —> n° + -/f [completed], P. l)ej>ommier, J.P.
Martin, K. Poutissou (Univ. de Montreal), I). Bryman (TRIUMF-Univ. of Victoria), J.A. MacDonald, J.-M.
Poutissou, M Salomon (TRIUMF), M. Dixit (National Research Council), M.I). Hasinoff, D.F. Measday (Univ.
of British Columbia)

24. Elastic scattering of polarized protons on 1 2C [completed], G.A. Moss, O. Roy, D.M. Sheppard,* II. Sherif
(Univ. of Alberta), L.C. Creeniaus, I).A. Hiitcheon, C.A. Miller (TRIUMF)

2fi. Measurement of the differential cross section for free neutron-proton scattering and for the reaction I)(n,j>)2n
[completed], L.P. Robertson (Univ. of Victoria), C. Ainsler (CERN), E.G. Auld, D.A. Axen (Univ. of British
Columbia), D.V. Bugg, J.A. Kdgington (Univ. of London, QMC), A.S. Clough (Univ. of Surrey), J.R. Richard-
son (UCLA), N.M. Stewart (Univ. of London, Bedford College), .}. Va'vra (affiliation?)

27. Measurement of the polarization in free neutron-proton scattering [completed], D.A. Axen, K.G. Aiild (Univ.
of British Columbia), C. Amsler, (CERN), D.V. Bugg, J.A. Kdgington (Univ. of London, QMC), A.S. Olotigh
(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), .1. Va'vra (SLAC)

35. A s t u d y of pos i t i ve tnuon d e p o l a r i z a t i o n p h e n o m e n a in c h e m i c a l s y s t e m s [ c o m p l e t e d ] , J . I I . B r e w e r , D C .

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 THUJMF [completed], D.A. Axen, M.K. Craddock (Univ. of British
Columbia), I.M. Blair (AERE Harwell), D.V. Btigg, 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 pious in light nuclei [completed], b) Charge exchange of stopped negative pions [com-
pleted], J.-M. Poutissou, M. Salomon (TRIUMF), D. Berghofev, M.K. Craddock, M.D, Hasinoff (Univ. of
British Columbia), R. MacDonald (Univ. of Alberta)

42. TT~-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 (National Research Council),
M. Krell (Univ. de Sherbrooke)

•16. Ilyperfine 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
Y'ictoria), D.G. Fleming Univ. of British Columbia), K. Nagamine, T. Yamazaki (Univ. of Tokyo)

47. Photon asymmetry in radiative muon capture [completed data taking], J.H. Brewer, M.D. Hasinoff (Univ.
of British Columbia), R. MacDonald (Univ. of Alberta), K. Krane (Oregon State Univ.), J.-M. Poutissou
(TRIUMF)

48. Fertile-to-fissile conversion in electrical breeding (spallation) targets [completed], I.M. Thoison, F.M. Kiely
(Simon Fraser Univ.), B.D. Pate (Univ. of British Columbia)

52. Measurement of the ir —• eu branching ratio [completed], D. Brymen, 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)

54. x* reaction cross-section measurements on isotopes of calcium [completed], R.R. Johnson (TR/UMF-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, Univ. of British Columbia), R. MacDonald
(Univ. of Alberta), P. Depommier (Univ. de Montreal), J.-M. Poutissou, M. Salomon (TRIUMF)

57. Search for /i+ —>• e+ -f 7 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,
D.M. 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 Slate 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 TT~ 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..I. Young (B.C. Cancer Control Agency), R.M. Henkelman (Univ. of Toronto)

65. Radiosensitivities of tumours in situ to r-meson irradiation [completed], S. Okada, K. Sakamoto, N. Suzuki
(Univ. of Tokyo), T. Ono (Univ. of Alberta)

C6. Survey of p-p bremsstrahlung far off the energy shell [completed], J.G. Rogers, H.W. Fearing (TRIUMF), J.M.
Cameron, A.N. Kamal (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. Ya-
mazaki (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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7 1 . P r o p o s a l t o m e a s u r e I ) , It a n d It' in pp s c a t t e r i n g , 2 0 0 t o 5 0 0 M e V [ c o m p l e t e d ] , I ) , V . B u g g , J . A . I - M ^ i i i ^ t m i
(Univ. of London, QMC), I).A. Axeu (CHID, of British Columbia), A.S. ('lough (Univ. of Surrey), S. .laccard
(llniv, de Neuchdti:!), N.M. Stewart (Univ. of London, Hertford College), K. Shakarichi (Qwvn Mary College),
C. l.udgate, C. Oram (TltlUMF), J. Va'vra (SLAC)

75. The </(/), ?r+ )/ pion production reaction for high momentum transfer [completed], W.C Olsen (Univ. of Alberta),
P. Hitching (TltlUMF Univ. of Albvrta), 10.C. Auld, G. Jones (Univ. of British Columbl^JTw.W. Fearing, I). A.
lliitcheon, P. Walden (TRIUMF), T. Masterson (Univ. of Colorado), C.V. IVrdrisat (Collnjc of William and
Mary)

77. Kvaporation-cooled metallic cesium target assembly for production of 123( [completed], J.VV. Blue (NASA), I.A.
Hodges (Univ. of Victoria), I). Lyster, R.T. Morrison (Vancouver (icncral Hospital), J.S. Vincent (THIUMF),
J.B. Warren (Utiiv. of British Columbia), W. WicseJiahn (Simon Frascr Univ.)

78. Importance of defects in /(+SR in metals [completed], T. Yamazaki, K. Nagamine (Univ. of Tokyo), B. lierg-
erseii, .J.IJ. Brewer, !).(!. Fleming, L.C Vaz (Univ. of British Columbia), A/I'. Stewart (Queen's Univ.)

7'J. (rOxpcriincnt 'X') Low energy JT produ<:tion as a function of energy at 500 MeV and below [completed], (I.A.
Beer, C..R. Mason, R.M. Pcarce,* L.I'. Robertson (Univ. of Victoria), I).A. Bryman, A. Olin ( TlilUMF Univ.
of Victoria), J.-M. Poutissou, J.S. Vincent (TlilUMF), R.R. Johnson (THIUMF UHC), J.B. Warren (Univ.
of liritixh Columbia), P.W. .1 linos (Atomic Energy of Canada)

8 0 . M e a s u r e m e n t o f p i o n i c X - r a y e n e r g i e s , w i d t h s a n t ) i n t e n s i t i e s [ c o m p l e t e d ] , O . A . B e e r , ( I . R . M a s o n , K M .
P e a r c e , * I . P . R o b e r t s o n , (Univ. of Victoria), I ) . A . B r y m a n , A . O l i n (THIUMF Univ. of Victoria), . I . A . M a c -
donald (TltlUMF), M. Dixil (National Research Council), W.('. Sperry (Central Washington Univ.)

8't. Bound union decay in nuclei [completed], .1.11. Brewer, M.I). Ilasinoff, T. Suzuki (Univ. of British Columbia),
J. Alster (Tcl-Amv Univ.), K. Nagamine (Univ. of Tokyo), J.-M. I'ontisson (THIUMF)

8'l. T h e ( T T * , ^ ) r eac t ion on l ight nuclei [deferred] , R.R. J o h n s o n (THIUMF UIIC), K.L. K r d m a n , l i . l t . J o h n s t o n

(Univ. of British Columbia), T . M a s t e r s o n (Univ. of Colorado), V . ( l . Lind, U.K. M c A d a i n s , O . f l . O l t e s o n

(Utah State Univ.), J . S . V i n c e n t (THIUMF)

86. Kla.st.ic and ine las t i c s c a t t e r i n g of polar ized p r o t o n s from ca lc ium and lead [ comple t ed ] , D A . l l n l e l i eon , ( ' . A .

Miller (TltlUMF), P. H i t c h i n g (THIUMF Univ. of Alberta), U. L i l j e s t rand , W.. I . M c D o n a l d , C..C. Nei lson, II.

Slierif, Ci'.M. S'tinson (Univ. of Alberta), J.S. Blair (Univ. of Washington), O.K. McDaniels (Univ. of Oregon)

87. Proton radiography studies at TRIUlV,: . •ompleted], K.W. Blackmore, (I.II. Mackenzie (THIUMF), D A . Bry-
man (THIUMF Univ. of Victoria) *

88. Systematic studies of total union capture rates [completed], \\. Hayano, K. Nagamine, T. Yamazaki (thm*.
of Tokyo), J . | [ . Brewer, F. Mnfezami, J).!1'. Measda.v, S. Stanislaus (Univ. of British (.oluinhia), I), (iarner,
(THIUMF)

Hi), ii f i s s i o n [ c o m p l e t e d ] , S . N . K a p l a n ( L a w r e n c e B e r k e l e y L a ! x > r a t o r y ) , S . A h m a d , ( J . A . B e e r , ( ! . I l . M a s o n , U . M .
Pearce,* (Univ. of Victoria), A. Olin (THIUMF Univ. of Victoria), O. llausser (TlilUMF SFU), .I.A. Mac
donald (TlilUMF), A. Mireshghi (Univ. of California)

9 1 . M u o n i u m i n s e m i c o n d u c t o r s [ c o m p l e t e d ] , J . I I . B r e w e r , D . ( ! . I ' l e m i n g ( U n i v . of B r i t i s h C o l u m b i a ) , K M . ( " r o w e ,

S.S. Rosenblum (Lawrence Berkeley Lab), K. Nagamine (Ihiiv. of Tokyo)

!).'(. Production of radioisotopes at medium eiu-rgies for pure an<l applied resear<h [completed], L. Moritz, J.S.
Vincent (THIUMF), B.D. Pate, I. Patrick (c/riiw. of British Columbia), C.II.W. .IOIKS (Simon Frascr UntvJ,
I). Lyst.er, W. Rowe (Vancouver General Hospital)

97. Rare electromagnetic decays of pionic atoms [completed], M.I). Hasiiioff, 10. Mazzucato, D.F. Measday (Univ. of
British Columbia), J.-M. Poutissou, M. Salomon (THIUMF), P. Depommier, II. Poutissou (Univ. de Montreal),
B. BiLSsalleck (Univ. of New Mexico), T. Marks (Los Alamos National Lab)

99. Studies of (;>, <i) reactions in nuclei [completed], A.N. Anderson, J.M. Cameron, W.I. McDonald, (!.(,'. Neilson,
W.C. Olsen, (i. Roy (Univ. of Alberta), W.K. Dawson, P. Hitching (TltlUMF Univ. of Allxrta), I).A. llntcheon,
C.A. Miller, i.(\. Rogers (THIUMF), .1. Kallnc (JET Joint Undertaking), li.K.S. Koene, W.T.H. van Oers
(Univ. of Manitolxi), .I..I. Hraushaar, 10. Host, .I.R. Shepard (Univ. of Colorado), O.K. McDaniels (Univ. of
Orcaon), B.T. Murdoch (Schlumbcrgcr Well Si/stems), A. Olin (THIUMF Univ. of Victoria), A.W. Stelz, L.W.
Swenson (Univ. of Oregon)

101. I nves t i ga t i on of (TT,2IT} r eac t ion [ l e t t e r of i n t e n t ] , 10.(1. A u l d , (!. J o n e s (Univ. of British Columbia), R .R.

Johnson (TlilUMF UBC), P. Walden (THIUMF)

lf)2. A b s o l u t e c ross s e c t i o n s of ^ C f j r * , JT, 7 V ) n C reac t i ons a t low energy [ comple t ed ] , R . ( l . Kort.eling (Simon Fra.ier

Univ.), O.K. Bu t l e r , B..I. Dropesky , R.IO.L. C r e e n , C..I. O r t h , R .A. W i l l i a m s (Los Alamos National Lab), l i . M .

Ilenkelrnan (Univ. of Toronto)
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103. Search for target spin dependence in proton clastic scattering [completed], D.P. Gurd, G.A. Moss, G. Roy, II.
Sherif, CM. Slinson (Univ. of Alberta)

104. The time projection chamber - A new facility for the study of decays of muons and pions [completed data
taking], U.A. Bryman (TRIUMF-Univ. of Victoria), M. Dixit, C.K. Hargrove, R. McKee, II. Mes (National Re-
search Council), G. Azuelos, A. Dennett, J.A. Macdonald, T. Numao, J.-M. Poutissou, J.E. Spuller (TRIUMF)
L.P. Robertson, (Univ. of Victoria), M.D. Hasinoff (Univ. of British Columbia), P. Depommier, J.P. Martin,
R. Poutissou, Y. Sirois (Univ. de Montreal), ILL. Anderson (Los Alamos National Lab), A.L. Carter, C. Irwin,
D. Kessler, J. Stapeldon (Carlvton 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. Hutclicori,
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 T~ beam at TRIUMF [active], A. I to, II. Koyama (Univ. of Tokyo)

111. Study of the absorption of x~ at rest in 4He, 9Be, 12C, 14N and I 6O [completed], C. Cernigoi, N. Grion,
G. Pauli, R. Rui (Univ. de Trieste and INFN), R. Cherubim (Ub Nazionali di Legnaro INFN and Univ. di
Padova), D. Gill (TRIUMF), W. Gyles (Univ. of British Columbia)

113. A proposal for 3Hc(p, ;))3IIe at backward angles [completed], J.M. Cameron, G.A. Moss (Univ. of Alberta),
B.S. Bhakar, B.K.S. Koene, VV.T.II. van Oers (Univ. of Manitoba), M.B. Epstein, D.J. Margaziotis (California
State Univ. LA), R. Abegg, L.G. Greeniaus, D.A. Ilutcheon, C.A. Miller (TRIUMF), J. Kallnc (JET Joint
Undertaking), B.T. Murdoch (Sclilumbergcr Well Systems), A.W. Stetz (Oregon State Univ.)

114. The (;>, 2;J) reaction on 4 He and 3He [completed], B.K.S. Koene, W.T.H. van Oers (Univ. of Manitolxt),
M.B. Epstein, D.J. Margaziotis (California State Univ.), G.A. Moss (Univ. of Alberta), L.G. Greenians, J.G.
Rogers (TRIUMF), B.T. Murdoch (ScMumbcrger Well Systems)

115. Neutral pion prodution from 208Bi at intermediate proton energies [completed], J.M. D'Auria, D.H. Boal (Simon
Frascr Univ.), T. Ward (Indiana Univ.), A. Yavin (Tel-Aviv University)

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)

liy. Small angle scattering of thermal neutrons for the study if magnetism and liquid crystals [active], 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)

121. Test of charge sym.netry in n-p scattering [completed data taking], G.R. Plattner (Basel Univ.), J. Birchall,
N.E. Davison, W.T.H. van Oers (Univ. of Manitoba), D.A. Axen (Univ. of British Columbia), J.L. Bevcridge,
C.A. Miller, J.G. Rogers (TRIUMF), W.J. McDonald, G.A. Moss, G. Roy, G.M. Stinson (Univ. of Alberta),
L.P. Robertson (Univ. of Victoria), H.E. Conzett (Lawrence Berkeley Lab), S. Mango (SIN)

122. A //SR 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 Fra.ter
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 Lati), h. Lisantti, D.K. McDaniels, J. Tinsley (Univ. of Oregon),
L.W. Swenson (Oregon State Univ.)

12f>. 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 (National Research 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)
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129. Quasielastic pion scattering at resonance energies for light T=0 nuclei [deferred], R.R, Johnson (TR1UMF-
UBC), B. Barnett, K.L. Erdman, B. Gyles (Univ. of British Columbia), G. Azuelos, D. Gill, E.W. Vogt, P.
VValden (TRIUMF), D. Ashery, A. Errell, A. Yavin (Tel-Aviv Univ.), B. Bassdleck (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, QAfC),
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 Albeta), A.W. Stetz, L.VV.
Swenson (Oregon State Univ.), D.A. Hutcheon, C.A. Miller, H.W. Fearing (TRIUMF)

132. Differential cross section of the reaction pp —• rf:r+ 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 (TRIUMF-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 mur>n studies of germanium [completed], K.M. Crowe, S.S. RosenbJun (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 stopping z~ in H2-D2 mixtures [completed], M.D. Hasinoff, D.F. Measday (Univ. of British
Columbia), J.-M. Poutissou, M. Salomon (TRIUMF), V. Highland (Temple UnlvT)

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) reactio..; 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 181Ta [completed], Y.K. Lee,
R. Levin, L. Madensky (Johns Hopkins Univ.)

147. The formation and reactivity of muonium in the gas phase [completed], J.H. Brewer, D.G. Fleming, R..1.
Mikula, D.P. Spencer, J.B. Warren (Univ. of British Columbia), D.M. Garner, R. Kiefl (TRIUMF)

149. /iSR 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-4 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), l.M. Greben (CSIR/NRMIS, Pretoria)

153. Elastic scattering of protons from 3He [L jmpleted], 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,
Berkeley), T. Yamazaki (Univ. of Tokyo), R. Kiefl (TRIUMF), Y.J. Uemura (Brookhaven National Lab)

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 (TRIUMF), A.N. James (Univ. of Liverpool)

156. Deuteron production in proton-nucleus collisions [completed], J.M. Cameron, R. Liljestrand, W.J. McDonald,
W.C. Olsen, (Univ. of Alberta), P. Kitching (TRIUMF-Univ. 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 (TRIUMF), Y.C. Jean (Univ. of Missouri-Kansas City),
Y. Ho (Univ. of Tokyo), P.W. Pe-cival (Simon Fraser Univ.)

158. Study of the reactions p2H -> dx+n and p3lle —• iir+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. Kitching (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. Dahme (Univ. Munich),
V. Gastaldi, G. Graff, H. Kalinowsky, E. Kayser, E. Klempt, R. Landau, R. Schulze, R.W. Wodrich, (Univ.
Maim), 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 spin glasses with muons [completed], C.Y. Huang (Los Alamos
National Lab), J.H. Brewer, II. 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 1/E dependence in 7Li(j>, 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. Gyles (Univ. of British Columbia), E.W. Blackmore, D.R. Gill (TRIUMF), 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. Kitching (TRIUMF-
Univ. of Alberta), J.M. Cameron, R. Liljestrand, G.C. Neilson, W.C. Olsen, D.M. Shep; ^rd,* 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. Kitching (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 —> jmvr+ reaction [completed], D.A. Axcn, C. Waltham (Univ. of British Columbia),
D.V. Biigg, 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
(SLAC)

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. Kapustinsky, J.C. Peng, W.E. Sondheim, J.W. Sunier (Los Alamos National
Lab)

177. Proton radius determinations for C, N and O [completed], R.R. Johnson (TRIUMF-UBC), B. Barnett, K.L.
Erdman, B. 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,
B. Gyles, (Univ. of British Columbia), E.W. Blackmore, D.R. Gill (TRIUMF), G. Lolos (Univ. of Regina),
N. Grion (INFN and Univ. di Trieste), J.J. Kraushaar, T. Masterson (Univ. of Colorado), S. Martin (h'FA
Jiilich), C. Weidner (Max-Planck Instilut)

182. Measurement of the n-p spin correlation parameter Ann [completed data taking], J. Birchall, C.A. Davis, N.E.
Davison, W.P. Lee, VV.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)

183. Inelastic pion scattering [deferred], I. Halpern, M. Khandaker, D.W. Storm (Univ. of Washington)

184. Investigation of the p-+7H —>3H + x+ 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
tt+ 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. Phillips, R. Siegel, W. Vulcan, R. Welsh, R. Whyley, R.G.
Winter (College of William and Mary)

187. Pion production from 10B and 16O 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 O-T(E) for 209Bi(p, 7r~in)210~IAt reactions from threshold to ~0.8 GcV [completed],
J.M. D'Auria, M. Dombsky (Simon Fraser Univ.), J. 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. Hutchcon, C.A. Miller
(TRIUMF), 1.3. 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 p —* dir* with a polarized proton beam
between energies at 400 to 520 MeV [completed], D. Otlewell, P. Walden (TRIUMF), W. Falk (Univ. of
Manitoba), G. Giles, G. Jones, W. Zieglcr (Univ. of British Columbia), G. Lolos (Univ. of Regina)

194. The pd — <ir+ reaction at 330, 470 and 500 MeV [completed], R. Abegg, L.G. Greeniaus, D.A. Hutchcon,
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, 24Mg and 27AI [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 Ifc), P.R.
PoffenbergT (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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J98. 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. Comyn, G. Ludgate (TRIUMF), L.P.
Robertson (Univ. of Victoria)

199. \ study of low energy pion absorption in 3He [completed], J. Alster, A. Altman, D. Ashery, L. Lichtenstadt,
M.A. Moinester (Tel-Aviv Univ.), R.R. Johnson (TRIUMF-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, M.A. Moinester (Tel-Aviv Univ.), B. Barnett, J. Coopersmith, 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. Oiin (TRIUMF-Univ. 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,
M.A. 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
Julich), C. Wiedner (Max-Planck-Institut), B.H. Wildenthal (Michigan State 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 [active], L. Dallin, K. Itoh, Y.M. Shin (Univ. of Saskatch-
ewan), B. Barnett, K.L. Erdman, W. Gyles, R. Tacik (Univ. of British Columbia), R.R. Johnson (TRIUMF-
UBC), E.W. Blackmore, D.R. Gill, G.D. Wait (TRIUMF), G. Lolos (Univ. of Regina), K. Aniol (California
Slate Univ. LA), T.E. Drake (Univ. of Toronto), S. Martin (KfA Julich)

206. A study of (p, n) and related reactions [completed], D.H. Boal, 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. 48Ca(p,p')48Ca(l + ) [completed], R. Abegg, D.R. Gill C.A. Miller (TRIUMF), J.M. Cameron (Univ. of Alberta),
P. Kitching (TRIUMF-Univ. of Alberta), C.A. Davis (Univ. of Manitoba), J. 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. Kitching (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 JT~ and /J~ captures in medium-heavy nuclei [completed],
T.J. Hallman, Y.K. Lee, R. Levin, L. Madansky, E. Mclntyre (Johns Hopkins Univ.), G.R. Mason (Univ. of
Victoria), K.S. Kang (Neung Univ.), B. Olaniyi (Univ. of Ife)

212. In search of a tredecabaryon resonance [completed], R. Abegg, K.P. Jackson, C.A. Miller (TRIUMF), 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 jr~ 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. Horen, 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 data taking], J.-M. Poutissou (TRIUMF), P. Gump-
linger, D. Ha, 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 data taking], D, Horvalh (Central Research lu.it. for
Physics, Budapest), D.F. Measday, S. Stanislaus (Univ. of British Columbia), M. Salomon (TRIUMF), 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 (TRIUMF)

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 (WCF), P. Schwandt (Indiana
Univ.), K.P. Jackson (TRIUMF), H.VV. Roser (Univ. of British Columbia)

223. The \l{p,2p) reaction and momentum distributions of the deuferon [completed data taking], II.P. Gublcr,
VV.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 data taking], K.G.R. Doss, 1. Halpern, M. Khandakcr,
D.W. Storm (Univ. of Washington), J.F. Amann (Los Alamos National Lab)

225. Search for isovector properties of 1BA 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. Roscr,
R. Tacik (Univ. of British Columbia), S. Martin (KFA Jiilich), R. Sobie (Univ. of Toronto), K. Aniol (Caltjcrnia
State Univ. LA)

226. Study of neutron-proton transition amplitudes in H C using 50 MeV pions [completed data taking], R.R. Johnson
(TRIUMF-UBC), II. Roser, R. Tacik (Univ. of British Columbia), K. Aniol (California State Univ. LA), .1.
Alster, J. Lichteiistadt, M.A. Moinester (Tel-Aviv Univ.), G. Azuclos, D.R. Gill (TRIUMF), S. Martin (KFA
Jiilich), R. Sobie (Univ. of Toronto), H.W. Baer (LAMPF)

227. Elastic and inelastic scattering of polarized protons from 10B [completed data taking], P.R. Andrews, S.M.
Banks, P. Lewis, V.C. Officer, G.G. Shute, B.M. Spicer (Univ. of Melbourne), C.W. Glover (IUCF)

229. Pion double charge exchange at low energy in the TPC [completed data taking], D.A. Bryman, M.J. Leitch,
I. Navon, A. Olin, P. Schlatter (TRIUMF-Univ. of Victoria), A. Burnham,* M. Hasinoff (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, II.
Mes (National Research Council), M.A. Moinester (Tel-Aviv Univ.), II. Baer, M. Cooper (LAMPF)

230. Muonic molecule formation rates in 1ID gas [completed data taking], K. Aniol (California State Univ. LA), F.
Entezami, D.F. Measday, C. Virtue (Univ. of British Columbia), D. Horvath (Central Research Inst. for Physics,
Budapest), M. Salomon (TRIUMF), .1. Smith (Univ. of Surrey), S.E. Jones (Idalio 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.
Wicgand (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 data taking], J.II. Brewer, E. Koster, D. Llewelyn-Williams (Univ. of
British Columbia)

233. Vector analysing power and spin transfer parameters for the T d —• ftp reaction [active], E.G. Auld, P. Convert,
G. Jones, B. McParland (Univ. of British Columbia), R.R. Johnson (TRIUMF-UBC), I). Ottewell, P. Wai den
(TRIUMF), G. Lolos (Univ. of Regina), W. Falk (Univ. of Manitoba)

23'). Study of simple features of the A(p, T~)A + 1 reaction in the (3,3) resonance region [completed data taking],
R.D. Bent (IUCF), G..I. Lolos (Univ. of Rcgina), G.E. Walker (Indiana Univ.), P. Convert, G. Giles, G. Jones,
B. McParland, W. Ziegler (Univ. of British Columbia), J. Iqbal, P. Walden (TRIUMF), W.R. Falk (Univ. of
Manitoba)

236. (p,v') reactions in nuclei [completed], R.E. Azuma, T.E, Drake, J.I). 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 Ev = 200 500 MeV [completed], R.L. Atible, U.K.
Bertrand, E.E. Gross, D.J. Horen, G.R. Satchler, T.P. Sjoreen (Oak Ridge National Lab), D.K. McDaniels, .).
Tinsley, '• Lisantti (Univ. of Oregon), L.W. Swenson (Oregon State Univ.)



239. Muon spin relaxation studies of spin glasses and random spin systems [completed data taking], Y.J. Uemura
(Brookhaven National Lab), J.H. Brewer (Univ. of British Columbia), KM. Crowe (Lawrence Berkeley Lab),
T. Yamazaki (Univ. of Tokyo), Y. Miyako, K. Katsumata (Univ. of Hokkaido), Chikazawa (Muroran Inst. of
Technology)

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 State Univ.)

242. RadiochemicaJ study of the (p, jr+) reaction on bismuth [completed data taking], J. D'Auria, M. Dombsky
(Simon Fraser Univ.), T. Ruth (TR1UMF), T. Ward (1UCF), A. Yavin (Tel-Aviv UnivT)

243. Energy and angle dependence of the 6Li(rr+,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 (TRWMF-UBC), D. Ottewell, P.L. Walden (TRIUMF)

244. /i+ spin relaxation in Y9C07 and ternary magnetic superconductors [completed], E.J. Ansaldo (Univ. of
Saskatchewan), 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. Harshmart (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, Jiilich), 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 b [completed data taking], 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 z+-e+ve decay [completed data taking], J.A. Macdonald, T. Numao, J.-M. Poutisisou (TRI-
UMF), 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 Ricearch Council), J. Uailey (Yale Univ.)

250. Charge-exchange coincident with X/gamma-rays in pionic phosphorus [compieted 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. PofTenberger (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 srf-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), J.
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.
Lapointe (Univ. de Laval), A. Altman (Tel-Aviv Univ.)

255. A study of pion absorption on two nucleons, each from a different shell, through the 18O()r+, 2p)16N reaction
[succeeded 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 ] iN [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 8 resonance [active], D.F. Measday, F. Entezami, S. Slanislaus (Univ. of British
Columbia), M. Salomon (TRIUMF)
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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 Fraacr Univ.)

261. Muon spin rotation of paramagnetic solutions [completed], J.A. Bartlett, J.-C. Brodovitch, S.-K. Leung, K.E.
Newman, P.W. Percival (Simon Fraser Univ.)

262. Muonium-radical formation mechanism [completed], D.C. Walker (Univ. of British Columbia), Y. Miyake (TRI-
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 Sal ford), 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. Frekers (Univ. of Toronto), J. D'Auria (Simon
Fraser Univ.), O. Hausser (TRIUMF-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 T> transitions in (fp) 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), I.S. Towner (Chalk River Nuclear Labs)

268. Enhancement of 1+ states in 208Pb (n,p): A search for the A [active], K.P. Jackson, C.A. Miller, S. Yen
(TRIUMF), O. Hausser (TRIUMF-SFU), W.P. Alford, R.L. Helmer (Univ. of Western Ontario)

269. Inelastic pion scattering from 30Si at Tn -» 50 MeV [deferred], C.A. Wiedncr (MPI, Heidelberg), K. Erdman, B.
Forster, R. Tacik (Univ. of British Columbia), A. Altman (Tel-Aviv Univ.), D.A. Gill, U. Wienands (TRIUMF),
T. Drake, R. Sobie (Univ. of Toronto)

270. Test of charge symmetry by a comparison of K~d —• nn with ir+rf —* 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 (TRIUMF-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 McV [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(/T,p") [completed], O. Hausser (TRIUMF-SFU),
R. Ahegg, K.P. Jackson (TRIUMF), W.P. Alford (Univ. of Western Ontario), C.A. Wiedner (MPI, Heidelberg),
T.E. Drake (Univ. of Toronto), J. Lisanlti, 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 —• pnn* reaction [completed], E.G. Auld, P. Convert, 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. Kiefl, C. Cram (TRIUMF), A. Olin
(TRIUMF-Univ. of Victoria), D. Harsh man (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 Un:%>.), D. Harshman (AT&T Laboratories)

277. The branching ratio of the rare decay ir° —» 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, II. 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.)
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278. Inelastic scattering of 30 and 50 MeV jr+ projectiles from the 0* state in I2C [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 (McGiU Univ.),

279. Non-analog pion single charge exchange total cross section on 7Li at low energies [completed], B.J. Dropesky,
G.C. Giesler, R.E.L. Green, M.J. Leitch, Y. Ohkuho, C.J. Orth (LAMPF), A. Olin (TRJUMF-Univ. oj Victo-
ria), R.G. Korteling (Simon Fraser Univ.)

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 (TRWMF-SFU),
A. Moalcm (Ben-Gurion Univ.), W.P. Alford (Univ. of Western Ontario), A. Klein (Univ. of Georgia)

281. Investigations of pion absorption reactions 6Li, l iO(!r*, -Yi)Ar2 [completed], G. Huber, G.J. Lolos, S.I.II. 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)

284. A study of the decays TT+ —> e+e~e+ f and 7r+ —» e^i/f [deferred], M. Blecher (Virginia Polytechnic Inst. &
State 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. Altman (Tel-Aviv Univ.), N. Grion (INFN Trieste)

286. Quantum diffusion of muons and muonium [active], 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 Labo-
ratories), D.P. Spencer (Univ. of Chicago Medical Center)

287. Measurement of parity violation in p-p scattering [active], J. Birchp.il, C.A. Davis, N.E. Davison, W.P. Lee, P.R.
Poffenberger, W.D. Ramsay, W.T.H. van Oers (Univ. of Maniloba), W.J. McDonald, G. Roy, G.M. Stinson
(Univ. of Alberta), J.D. Bowman (Los Alamos National Lab)

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 Tokyt), 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 /JSR methods [active], K.
Ishida, Y. Kuno, T. Matsuzaki, Y. Morozumi, K. Nagami.ie, 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. fiSR studies on spin dynamics in mixed antiferromagnets with competing anisotropies [active], I. Ito, E. Torikai
(Ochanomizu Univ.), K. Ishida, Y. Kuno, T. Matsuzaki, K. N^gamine, T. Yamazaki (Univ. of Tokyo), J.H.
Brewer (Univ. of British Columbia)

292. jt 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 [active], R.L.
Alible, F.E. Bertrand, B.L. Burks, C.W. Glover, E.E. Gross, D.J. Horen, R.O. Sayer (Oak Ridgt National
Lab), O. Hausser (TRIUMF-SFU), K. Hicks, U. Wienands (TRIUMF), A. Moaiem (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 [complete 1], V. Penumetcha,
A. Scott (Univ. of Georgia), R. Abegg, K.P. Jackson, C.A. Miller, S. Yen (TRIUMF), R. Azima, 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. v^n 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)
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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, x+ )X: A possible dibaryon signal [completed], R. Abegg, K. Hicks, K.P. Jack-
son, C.A. Miller, D. Ottewell, P. Walden, S. Yen (TRIUMF), G. Gaillard (Univ. of Alberta), E.G. Auld, P.
Trelle (Univ. of British Columbia), R. Snhubank (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 [active], E.G. Auld (Univ. of British Columbia), P. Walden, S. Yen (TRIUMF), G. Lolos (Univ. of
Regina), W. Falk (Univ. of Manitoba)

300. Spin transfer K3S in the reaction pp —• dx [active], R. Abegg, L.G. Greeniaus, D.A. Hutcheon, G.R. Smith
(TRIUMF), L. Antonuk, J. Collot, G. Gaillard, G.A. Moss, W.C. Olsen, G. Roy, R. Sawafta, D.M. Sheppard*
(Univ. of Alberta), B. Blankleider, J.M. Cameron (IUCF), 18

301. The reaction ppv° near threshold [active], Entezami, D.F. Measday, S. Stanislaus (Univ. of British Columbia),
D. Horvath (Central Research Inst. for Physics, Budapest), J. Uegaki (Univ. of Alberta)

302. Proton scattering to natural parity states in 90Zr [active], R.E. Azuma, T.E. Drake, H. Fidahic, D. Frekers,
J.D. King, L. Lee, S.S.M. Wong (Univ. of Toronto), R. Abegg, C.A. Miller, S. Yen (TRIUMF), R. Schubank
(Univ. of Saskatchewan)

304. Muonium-antimuonium conversion [completed data-taking], A. Olin (TRIUMF-Univ. of \ictoria), G.A. Beer,
A.C. Janissen, 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) 8

306. Pion transfer in gaseous mixtures [active], K.A. Aniol, M.B. Epstein, D.J. Margaziotis (California State Univ.
LA), M. Salomon (TRIUMF), F. Entezami, D.F. Measday, T. Noble, S. Stanislaus, C.J. Virtue (Univ. of
British Columbia), D. Horvath (Central Research Inst. for Physics, Budapest) 53

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 [deftrred], E. Hagberg, J.C. Hardy, H. Schmeing (Atomic
Energy of Canada Ltd.), G. Audi (Lab Rene Bcrnas, Orsay)

310. Production of a 2 n Rn/211 At operator 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. Miinster), M. Wiescher
(Univ. Mainz), M. Arnould (Univ. Libre de Bruxellcs), T. Ward (1UCF), 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 (McGill Univ.)

315. Development of a laser-based ion source [active], 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 Montreal)

318. Installation of an on-line isotope separator at TRIUMF [active], 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 [active], K. Lin, J. Lisant'i, 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.) 18
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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 JT^J; differential cross sections at TV = 90 MeV [active], J. Brack, J.J. Kraushaar, R.J. Peterson,
R.A. Ristinen, J.L. Ulimann (Univ. of Colorado), D.R, Gill, K. Hicks, G. Smith (TRIUMF), R.R. Johnson
(TR1UMF-UBC)

323. Giant resonance study with 75 MeV JT* [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)

324. Polarization-analysing power differences for inelastic proton scattering from 12C at 400 MeV [active], K.H. Hicks,
K.P. Jackson, C.A. Miller, G. Smith, S. Yen (TRIUMF), O. Hausser (TRIUMF-SFU), A. Celler (Simon Fraser
Univ.), J.R. 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 (/iSOL) [active], 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 [active], C.Y. Kim (Univ. of Calgary), D. Garner, p_. Keitel (TRIUMF),
Y.M. Shin (Univ. of Saskatchewan)

327. Study of the (x + , i r + x~) reaction on I 6O, 28Si and 40Ca at T, =240 and 280 MeV [completed data taking],
N. Grion (INFN Trieste), R. Rui (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 [active], 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. Moinester (Tel-Aviv 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) 21

329. The 4He(jr, x')4He reaction and the EELL efTect [active], 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 [active], R.L. Auble, F.E. Bertrand, B.L.
Burke, C.W. Glover, E.E. Gross, D.J. Horen, R.O. Sayer, (Oak Ridge National Lab), O. Hausser (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 ltd —» pp reaction [completed data-taking], A. Feltham, G. Jones, M. Pavan, M. Sevior,
R.P. Trelle, D. Vetterli, P. Weber (Univ. of British Columbia), D. Healey, D. Ottewell, G. Smith, G. Wait
(TRIUMF), G. Lolos, E. Mathie (Univ. of Regina), R. Rui (INFN Trieste), D. Ashery, M. Moinester (Tel-Aviv
Univ.) 22

332. Measurement of Dt/Rt in n-p scattering [completed data taking] 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 [active], 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(p,p' [active], 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), R. Hen-
derson (TRIUMF-Univ. of Melbourne), C. Giinther (Univ. Bonn), R. Dymarz (McMaster Univ.)

337. Measurement of tensor observables in the 7r+ d elastic scattering reaction [completed data-taking], 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. Tersvisidis, P. Trelle (Univ. of British Columbia), R.R.
Johnson (TRIUMF-UBC), G. Lolos, E.L. Mathie (Univ. of Regina)
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338. Proton scattering from 208Pb and 90Zr at large momentum transfer [active], Ft. 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 + lb and Mu + D:< reactions [active], D. Arseneau, D. Fleming, L.Y. Lee,
I.D. Reid, M. Senba (Univ. of British Columbia), D. Garner, W.X. Kuang (TRIUMF)

340. n+ molecular ions and ion molecule reactions in gases [active], D. Arseneau, D.G. Fleming, L.Y. Lee, I.D. Reid,
M. Senba (Univ. of British Columbia), D. Garner, W.X. Kuang (TRIUMF)

341. Excited state production in proton-induced nuclear reactions [active], 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. Matsnzaki, 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. HaJpern, 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. Alford (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, Q. Batlogg, D. Harshman, J. Remeika (AT&T Bell Laboratories),
J.II. 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 [active], 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 diamagneti' fi+ state in alkali halide and related metal halide crystals [active], 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 3 O(JT + , T~)17Ne reaction at the low-energy region [active], A. Altman,
E. Piasetzky (Tel-Aviv 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 (INFN Trieste),
T. Anderl (KfA Julich), M. Leitch (Los Alamos National Lab)

351. Study of the (ir+, JT~) DIAS reaction on 34S and 56Fe at 50 MeV [active], A. Altman, E. Piasetzky (Td-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. Leitch (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 data-taking], 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)
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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. Alford (Univ. of Western Ontario), A.
Altmanf7W-<4t>it> Univ.), S. Gurvitz (Weizmann Inst. of Science), D. Frekers (Univ. of Toronto)

357. Measurement of B+(GT) for 26Mg and 29F using the (n,p) reaction [active], W.P. Alford, R.L. Helmer (Univ.
of Western Ontario), R.E. Azuma, D. Frekers (Univ. of Toronto), B.A. Brown (Michigan State Univ.), O.F.
Hausser (TRWMF-SFU), A. Celler (Simon Fraser Univ.), K. Hicks, K.P. Jackson, C.A. Miller, S. Yen (TRI-
UMF), G.T. Ewan (Queen's Univ.), B.H. Wildenthal (Drexel Univ.)

358. Resolved nuclear hyperfine structure of muonium-substituted free radicals using level crossing spectroscopy
[completed data taking], 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. Ho, Y. Morozumi, K. Nagamine,
K. Nishiyama (Univ. of Tokyo), P.W. Percival (Simon Fraser Univ.), D. Harshman (AT&T Laboratories)

359. The spin response of (fp) shell nuclei [active], C. Glashausser (Rutgers Univ.), O. Hausser (TRIUMF-SFU),
S.K. Nanda Univ. of Minnesota), K.W. Jones (Los Alamos National Lab), A. Moalem (Ben-Gurion Univ.), M.
Velterli (Simon Fraser Univ.), R. Abegg, K. Hicks, K.P. Jackson, C.A. Miller (TRIUMF), W.P. Alford (Univ.
of Western Ontario), R. Henderson (TRIUMF-Univ. of Melbourne), J. Lisantti (Univ. of Oregon) 25

360. Polarization transfer in i d 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 (TRIUMF), T. Drake, D. Frekers (Univ.
of Toronto)

361. Muonium in water [active], 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 [active], 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 [active], T. Gorringe, M. Hasinoff,
A. Pouladdej, C. Virtue, C. Waltham (Univ. of British Columbia), G. Azuelos (TRIUMF), B. Robertson
(Queen's Univ.), D. Horvath (Central Research Inst. for Physics, Budapest)

365. Search for tetraneutrons using the 4He(i~, x+ ) 4n reaction [active], D. Armstrong, T. Gorringe, M. Hasinoff, 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 dajdQ. and ANO to exclusive states of I6O(p, ir + )17O between 250 and 450 MeV [active], K.
Hicks, M.J. Iqbal, P. Walden, S. Yen (TRIUMF), E.G. AuH (Univ. of British Columbia), R. Bent (IUCF), W.
Falk (Univ. of Manitoba), G. Lolos (Univ. of Regina)

367. Resolved nuclear hyperfine structure of anomalous muonium in semiconductors [active], 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/ 56

368. Charge symmetry breaking in n(p.d)ir0 at 477 MeV [active], 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 n-p elastic scattering at 350 MeV [active], P.W. Green, C. Lapointe, W.J.
McDonald, G.A. Moss, R. Tkachuk (Univ. of Alberta), R. Abegg, L.G. Greeniaus, C.A. Miller (TRIUMF), i.
Birchall, C. Davis, W.D. Ramsey, W.T.H. van Oers (Univ. of Manitoba) 9

370. On the applicability of the macroscopic DWBA formalism for S9Ni at 200 and 400 MeV [active], 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. Muomum in micelles [completed data-taking], K. Venkateswaren, D.C. Walker (Univ. of British Columbia),
J.M. Stadlbauer (Hood College), B.W. Ng (Winona State Univ.), R. Ganti, Y.C. Jp*n (Univ. of Missouri-
Kansas City), Wu Zhenna (USTC, Hefei) 57

372. Single pion production in np scattering [active], J. Birchall, C.A. Davis, N.E. Davison, W.R. Faik, W.D.
Ramsay, W.T.H. van Oers (Univ. of Manitoba), D.A. Hutcheon, C.A. Miller, P.L. Walclen (TRIUMF) 26

373. Low energy pion scattering and pionic atom anomaly [active], D.R. Gil!, G.R. Smith, U. Wienands (TRIUMF),
A. Olin (TRIUMF-Univ. of Victoria), R.M. Rozon, M. Sevior, R.P. Trelle (Univ. "'British Columbia), R.R.
Johnson (TRIUMF-UBC), A. Altman (Tel-Aviv Univ.), T. Anden (KfA Jiilich), N. Grion (INFN Trieste), R.
Rui (Univ. di Trieste)
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374. Non-analog DCX, the 16O(ir+, T~)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 Jiilich), N. Grion (INFN Trieste), R. Rui (Univ. j , Trieste)

375. Few-body physics via the pion deuteron breakup reaction [active], G.J. Lolos, £.1. Mathie, S.I.H. Naqvi, V.
Pafilis, Z. Papandreou (Univ. of Regina), P. Delheij, D.R. Gill, D. Healey, D. Ottewell, G.R. Smith, G. Wait
(TRIUMF), G. Jones, M. Sevior, P. Trelle (Univ. of British Columbia), G. Huber (Indiana Univ.) 26

376. S0+ strength in 90Zr(n,p) [active], D. Freker, R. Helmer, K.P. Jackson, C.A. Miller, S._Yen (TRIUMF),
B. Spicer (Univ. of Melbourne), R. Henderson (TRIUMF-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 xd elastic scattering [completed], D. Gill, D.F. Ottewell, G.R. Smith, P.L Walden
(TRIUMF), G. Jones, 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 <8Ca [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.), C D . 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. Zafiratos
(Univ. of Colorado), D. Frekers, R. Helmer, K.P. Jackson, CA. Miller, S. Yen (TRIUMF), O. Hausser
(TRIUMF-SFU), K. Hicks (Ohio Univ.), B.A. Brown (Michigan State Univ.), R. Henderson (TRIUMF-Univ.
of Melbourne)

381. Measurement of spin observables using the (p,p'f) reaction [completed], K. Hicks (Ohio Univ.), R. 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 i4Fe(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 56Fe 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. Veiterli (Simon Fraser Univ.), B. Spicer (Univ. of Melbourne),
R. Henderson (TRIUMF-Univ. of Melbourne)

385. Muon spin depolarization in Xe up to 5 atm [active], 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 [active], K.M. Crowe, A.M. Portis (Univ. of California, Berkeley), E.J.
Ansaldo (Univ. of Saskatchewan), ^ h. Brewer, S.R. Kreitzman (Univ. of British Columbia), R. Keitel (TRI-
UMF)

387. Measure of Birks factor in TMP [active], 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.
Oram (TRIUMF)

388. Muon spin rotation of paramagnetic solution [active], K. Newman (Univ. de Sherbrooke), J. Bartlett, J.-C.
Brodovitch, M. Harston, S.-K. Leung, P. Percival (Simon Fraser Univ.)

389. Total cross-section measurements [active], T.E. Drake, A. Galindo-Uribarri, S. Juniper (Univ. of Toronto), D.
Frekers (TRIUMF), R. Schubank (Univ. of Saskatchewan)
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390. The relativistic N-N interaction in nuclear matter and quasifree 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 [active], R.F. Mar2ke (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)

394. Measurement of ^p differential cross sections at T* = 20 to 60 MeV [active], 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
(TRIUMF-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 <f(ir~,x+)AT [deferred], R. Olszewski, M. Sevior, R.P. Trelle (Univ. of
British Columbia), R.R. Johnson(TRWMF-UBC), D.R. Gill, 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 [active], 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 I4He [active], C Ci.-ui, T.E. Drake (Univ. of Toronto), R. Abegg, D.
Frekers, D.A. Hutcheon, M.J. Iqbal (TRIUMF), O. Hauss*.. (TRIUMF-SFU), C.J. Horowitz, E. Stephenson
(Indiana Univ.), K. Hicks (Ohio Univ.)

398. MuLCR spectroscopy of free radicals [completed data-taking], J.A. Bartlett, J.-C. Brodovitch, S.K. Leung,
P.W. Percival, S. Sun-Mack, D. Yu (Simon Fraser Univ.)., D.M. Earner, R.F. Kiefl (TRIUMF), G.M. Luke, K.
Venkateswaran (Univ. of British Columbia), S.F. Cox (Rutherford-Appleton Lab)

399. Measurement of jr±-deuteron elastic scattering differential cross sections at T* — 30, 50 and 65 MeV [ac-
tive], 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 (TRIUMF-UBC), 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), CD.P. Levy, P. Schmor (TRIUMF), J.A. Cameron (McMaster
Univ.), R. Schubank (Univ. of Saskatchewan)

401. Measure of the neutron efficiency of organic scintiilators 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 [active], 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 6Li, 1 2 C(JT + , XiX2)A [completed data-taking], G.J. Lolos, E.L.
Mathie, S.I.H. Naqvi, V. Pafilis, Z. Papandreou (Unv. of Regina), G. Jones (Univ. of British Columbia),
D. Ottewell, P.L. Walden (TRIUMF), X. Aslanoglou (Ohio University), G. Huber (Indiana Univ.)

404. Elastic pion scattering at 50 and 65 MeV [active], E. Friedman (Hebrew Univ., Jerusalem), D. Gill (TRIUMF),
R.R. Johnson (TRIUMF-UBC), M. Hanna, O. Mierav, C. Ponting (Univ. of British Columbia)

405. Nuclear wobble [active], 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 16O(p, n i + ) reaction at 350 MeV [active], K. Hicks (Ohio Univ.), D. Frekers, B. Jennings,
C.A. Miller, G.R. Smith, P. Waldcn, S. Yen (TRIUMF), O. Hausser (TRIUMF-SFU), M. Vetterli (Simon
Fraser Univ.), E.D. Cooper (McGill Univ.), J. Shepard, C. Zafaratos (Univ. of Colorado), W.P. Alford (Univ.
of Western Ontario), W. Falk (Univ. of Manitoba), R. Jeppesen, N. King (Los Alamos National Lab)

409. Quasielastic scattering of Is state nucleons in light nuclei [active], 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.)
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411. The spin-isospin response o f 8Ca and 9Be from the (n,p) reaction at 200 MeV [active], O. Hausser (TRIUMF-
SFU), Ma Ji, M.C. Vetterli (Simon ^raser 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 Julich)

412. Role of the A-isobar in the (p, T + ) 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. Falk (Univ. of Manitoba), K. Hicks (Ohio Univ.), G. Huber
(Indiana Univ.)

413. Cross sections and analysing powers for the 3He(p", ir+)4He reaction in the energy range from 250 to 515
MeV [completed data-taking], W.R. Falk, K. Furitani (Univ. of Manitoba), P. Walden (TRIUMF), G.A. Moss
(Science World), E.G. Auld (Univ. of British Columbia), G.J. Lolos (Univ. of Regina), R.D. Bent, G.M. Huber
(Indiana Univ.) 28

414. Measurement of the H(ir~, ir+ TT~)n cross section very near threshold [completed data-taking], R.R. Johnson
(TRIUMF-UBC), M. Hanna, J. McAlister, R. Olszewski, C. Ponting, M. Rozon, M. Sevior, V. Sossi, P. Trelle
(Univ. of British Columbia), D.R. Gill, D.F. Ottewell, G.R. Smith (TRIUMF), Z. Wu (IHEP Acad. Sinica
Beijing), J. Ernst (Univ. Bonn), N. Grion (INFN Trieste), R. Rui (Univ. di Trieste) 29

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.)

<?i6. Neutron knockout with SASP [active], R. Abegg, C.A. Miller (TRIUMF), P. Kitching (TRIUMF-Univ. of
Alberta), M. Ahmad, W.J. McDonald (Univ. of Alberta), J.W. Watson (Kent State Univ.)

417. A survey of the (p,x) 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. 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.)

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. Waldcn, S. Yen (TRIUMF), W.R. Falk (Univ. of
Manitoba), G.J. Lolos, E.L. Mathie (Univ. of Regina), R.D. Bent (Indiana Univ.)

419. Nucleon effective polarization in Ca, Zr and Pb [active], 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 diatonic halogens [active], D.J. Arseneau,
D.G. Fleming, A. Gonzalez, I. Reid, M. Senba (Univ. of British Columbia), D.M. Garner (TRIUMF) CO

421. Research and development studies using TISOL [active], J.M. D'Auria, M. Dombsky (Simon Fraser Univ.), R.
Azurna, L. Buchmann, J. King (Univ. of Toronto), 3. Crawford, H. Dautet, J.K.P. Lee, R.B. Moore (McGill
Univ.), J.S. Vincent (TRIUMF), C. Richard-Serre (TRIUMF-CERN), P. Reeder, R. Warner (PNL, Batelle) 31

422. Calibration of SALAD [completed data-taking], J.M. Cameron (IUCF), E.B. Cairns, H.W. Fielding, C. La-
pointe, 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. Shopik (Saskatchewan Accelerator Lab)

423. A survey of the 4 0 Ca(p, ir+ ) 4 1Ca 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. Falk (Univ. of Manitoba), G.J. Lolos, E.L. Mathie, S.I.H. Naqvi (Univ. of Regina), R.D.
Bent, G. Hnber (Indiana Univ.), K. Hicks (Ohio Univ.)

425. An initial study of the (p,n7r+) 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. 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) [active], R.E. Aziima, 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. Miinsler)

430. Spin excitations in 2 0 8Pb [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) 32
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•131. Quasielastic spin response for MFe(p,p") at 290 MeV [completed data-taking], O, Hausser (TRIUMF-SFU), K.
Lin, M.C. Vettcrli (Simon Fraser Univ.), R, Abegg, R. Helmer, K.P. Jackson, C.A. Miller, S. Yen (TRIUMF),
R. Henderson (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. oj Western Ontario), A. Yavin (Tel-Aviv Univ.), J. Watson (Kent State Univ.)

432. Polarization transfer in inelastic proton scattering from 16O [active], O. Hausser (TRWMF-SFU), B. Larson,
J. Mildenberger, M. Vetterli (Simon Fraser Univ.), R. Abegg, D. Frekers, R.L. Helmer, K.P. Jackson, 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. CeUer
(Univ. of Western Ontario) 34

433. Neutron-proton charge exchange amplitudes [completed data-taking], 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)

431. Spin isovector monopole search with the 12OSn(-.,p) reaction [completed data-taking], 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 (TRIUMF-SFU), M. Vetterli (Simon
Frascr Univ.), W.P. Alford, A. Celler (Univ. of Western Ontario), R. Pourang, J. Watson (Kent State Univ.),
R. .leppesen, N. King (Los Alamos National Lab)

435. Measurement of spin flip probabilities with the (p,n) reaction [active], 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.) 37

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. Moincster, 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 14C(p, n)1'tN (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. 7O'72|74Ge(n, p)70|72>74Ga: 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 (Univ. of Western Ontario), R. Jeppesen (Los Alamos National Lab), G.
Fuller (Lawrence Livcrmorc National Lab) K. Hicks (Ohio Univ.)

439. The (n,/>), (p,p') and (p,n) reactions on U N [active], 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 Frajer Univ.), R.E. Azuma (Univ. of Toronto), R. Henderson (Univ. of Melbourne-
TRIUMF),

4 10. Muon catalyzed fusion in HD and H2 + D2 gaseous mixtures [active], K.A. Aniol, MB. Epstein, 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-nuclcon elastic scattering reaction. Part I: Analysing power [completed
data-taking], D.R. Gill, D. flealey, D. Ottewell, G.R. Smith, G.D. Wail (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 fritish Columbia), E.L. Mathie (Univ. of Rcgina) 37

442. A dependence of the (ir, 2x) process through the study of 20BPb(ir+, T~A ' ) with A' = T + and p reaction at
T* = 240 and 280 MeV [completed data-taking], N. Grion, R. Rui (INFN-Trieste & Univ. di Trieste), D.R. Gill,
G. ShefTer, G.R. Smith (TRIUMF), R.R. Johnson (TRIUMF-UBC), M. Ilanna, J. McAlister, R. Olszewski,
C. Ponting, M. Rozon, M. Sevior, V. Sossi (Univ. of British Columbia), E. Osct, M.J. Vicente-Vacas (Univ. de
Valencia) ,'M
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443. Study of the ir+ + d -> jr" + * + + p + p reaction at TV = 250, 280 MeV [active], N. Grion, R. Rui (INFN
Trieste & Univ. di Trieste), D.R. Gill, G. Shelter, G. Smith (TRIUMF), R.R. Johnson (TRIUMF-UBC), M.
Hamia, 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) 38

444. Double charge exchange reaction studies on helium above the resonance [active], R.R. Johnson (TRIUMF-
UBC), K.L. Erdman, M. Ilanna, 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)

445. Polarization in pion absorption on 3He [completed data-taking], D. Ashery, H. Hahn, M.A. Moinester, E.
Piasetzky, A. Yavin (Tel-Aviv Univ.), R.R. Johnson (TRIUMF-UBC), G. Jones, R. Olszewski, M. Sevior,
P. Trelle (Univ. of British Columbia), D. Gill, D.A. Hutcheon, D.F. Ottewell, G.R. Smith (TRIUMF), J.
Watson (Kent State Univ.), G.A. Miller (Univ. of Washington)

446. Pion-proton bremsstrahlung [active], F. Farzanpay, P. Fuchs, A.W. Stetz, L.W. Swenson (Oregon State Univ.),
P. Hitching (Univ. of Alberta-TRIUMF), D. Mack, W.C. Oisen (Univ. of Alberta), D. Ottewell, G.R. Smith,
Zhang Nai-sen (TRIUMF), N. Stevenson (Univ. of Saskatchewan), R. Henderson (Univ. of Melbourne-
TRIUMF) 40

447. LCRof Mu-radicalsin micelles [completed data-taking], 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) 60

448. Muon spin relaxation experiments on site-diluted random antiferromagnet (MnZn)F2 [active], Y.J. Uemura
(Columbia Univ.), R. Keitel, R.F. Kiefl (TRIUMF), J.H. Brewer, S.R. Kreitzman, G.M. Luke, 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. ;iSR studies of sub- and supercritical fluids [active], 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.) (>2

452. Radiative muon capture on hydrogen [active], G. Azuelos, J. Macdonald, J.M. Poutissou (TRIUMF), D. Arm-
strong, A. Burnham,* T. Gorringe, M. HasinofF, A. Larabee, C. Waltham (Univ. of British Columbia), P.
Depommier, R. Poutissou (Univ. de Montreal), S. Ahmad, E.T.H. Clifford (Univ. of Victoria), M. Blecher, D.
Wright (Virginia Polytechnic Inst. & SU), B. Robertson (Queen's Univ.), W. Bertl (SIN), N-S Zhang (IHEP,
Beijing) 11

453 Production of slow muonic hydrogen in vacuum [active], G.M. Marshall (Univ. of Victoria), A. Olin (TRIUMF-
Univ. of Victoria), J. Beveridge, J.A. Macdonald (TRIUMF), J.H. Brewer, B.M. Forster, W. Hardy, G. Morris,
M. Senba, J.B. Warren (Univ. of British Columbia), E.J. Ansaldo (Univ. of Saskatchewan), T. Bowen, K.R.
Kendall (Univ. of Arizona), T.M. Huber, A.R. Kunselmen (Univ. of Wyoming)

454. Investigations of hidden processes in muon catalyzed (dt/x) fusion with photon measurements [active], 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. fi~SR studies on relaxation and chemical reactions of miionic rare gas atoms [deferred], R. Kadono, T. Kondow,
K. Kuchitsu, 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 [active], M.K. Kubo, K. Nagamine, T. Tominaga, Y. Sakai (Univ. of Tokyo)

458. Hyperfint phenomena prober! by /j~SR [deferred], R. Kadono, Y. Miyakc, K. Nagamine, K. Nishiyama (Univ.
of Tokyo), M. Motokawa (Kobe Univ.)

459. Exchange effects in 0+ — 0~ inelastic scattering III [active], R.E. Azuma, L. Buchmann, C. Chan, T.E. Drake,
J.D. King, L. Lee, S.S.M. Wong, X. Zhu (Univ. of Toronto), It. Abegg, D. Frekers, R. Helmer, K.P. Jackson,
C.A. Miller, S. Yen (TRIUMF), E. Rost (Univ. of Colorado), R. Schubank (Univ. of Saskatchewan) 40
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460. A measurement of the cross section and analysing power of the pn —• pp('So)7T reaction at TRIUMF energies
[active], D. Gill, D, Hutcheon, P.L. Walden (TRIUMF), D. Ashery, M.A. Moinester, A.I. Yavin (Tel-Aviv
Univ.), R.R. Johnson (TRWMF-UBC), F. Duncan, R. Olszewski, C. Ponting, M. Sevior, P. Trelle (Univ. of
British Columbia), B. Mayer (DPhN/ME Saclay)

461. Muon spin rotation studies of dioxygen and ethylene physisorbed on pure silica powder [active], R.F. Marzke
(Arizona State Univ.), D.G. Fleming, A. Gonzalez, J.R. Kempton, S. Leung, M. Senba, (Univ. of British
Columbia), P.W. Percival (Simon Fraser Univ.) 63

462. Quasi-elastic scattering from 16O, 12C and 4He [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 (TRIUMF-
SFU), K. Hicks (Ohio Univ.), C. Horowitz (MIT)

463. Muon-nuclear-spin double relaxation measurements of itinerant magnets in the critical temperature region
[active], K. Ishida, T. Matsuzaki (RIKEN), R. Kadono, Y. Miyake, K. Nagamine, N. Nishiyama, T. Yamazaki
(Univ. of Tokyo), J.H. Brewer (Univ. of British Columbia)

464. Low frequency excitations in disordered magnets [active], 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 —» rfjr0 cross sections near threshold [completed data-taking], R. Abegg, L.G. Greeniaus,
D.A. Hutcheon, C.A. Miller (TRIUMF), 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) 42

467. Radiobiology of high-energy neutrons [active], G. Lam (Cancer Control Agency of B.C.), H. Dougan, J. Vincent
(TRIUMF), D. Chaplin, R. Durand, L. Skarsgard (B.C. Cancer Research Centre)

468. Isovector 1+ — 0+ transitions in the A=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 (TRIUMF-Univ. of Melbourne), K. Hicks (Ohio Univ.), R. Jeppesen (Los Alamos National Lab) 42

469. /iSR study of high-temperature superconductors [completed data-taking], 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) 64

470. Stretched states excited in (n,p) reactions on 14C, 26Mg and 30Si [active], 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)

471. Small-angle measurement of ir±p differential cross sections at TV = 80 to 140 MeV [deferred], J.T. Brack,
J.J. Kraushaar, R.A. Loveman, R.J. Peterson, R.A. Ristinen, Kamran Vaziri (Univ. of Colorado), D.R. Gill,
G.R. Smith (TRIUMF), R.R. Johnson (TRIUMF-UBC), R. Olszewski, M. Sevior, R.P. Trelle (Univ. of British
Columbia), E.L. Mathie (Univ. of Regina)

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. Vetlerli
(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) 44

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) 44

474. Orbital-spin interference from GT-Ml 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) 45

475. Quasielastic analysing powers using the (p, n) reaction [completed data-taking], K. Hicks (Ohio Univ.), D.
Frekers, R. Helmer, J. Iqbal, K.P. Jackson, S. Yen (TRIUMF), O. Hausser (TRIUMF-SFU), A. Trudel, M.
Vetterli (Simon Fraser Univ.), W.P. Alford, A. Celler (Univ. of Western Ontario), R. Henderson (TRIUMF-
Univ. of Melbourne), R. Jeppesen (Los Alamos National Lab)

186



476. Nuclear spin response using the (p,p'j) reaction [completed data-taking], K. Hicks (Ohio Univ.), M. Kovasli,
J. Trice, M. Wang (Univ. of Kentucky), A. Trudel, M. Vetterli (Simon Frascr Univ.), R. Henderson (TRIUMF-
Univ. of Melbourne), R. Jeppesen, N. King, G. Morgan (Los Alamos National Lab), N. Hill (Oak Ridge National
Lab), J. Shepard (Univ. of Colorado), R. Liljestrand (E.G.G.)

477. The electronic structure of muonium in the cuprous halides [active], R.F. Kiefl (TRIUMF), T.L. Estle (Rice
Univ.), J.H. Brewer, S. Kreitzman, G. Luke, T. Riseman (Univ. of British Columbia), E.J. Ansaldo (Univ. of
Saskatchewan), C. Schwab (Univ. Louis Pasteur), M. Celio (ETH Zurich)

478. Proton-induced irN N 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) 46

479. Study of relativistic medium effects through Ay(0) measurements for quasielastic scattering in 58Ni [active],
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.), O. 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 6Li from the 6Li(p,pa)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 (Univ. 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) 47

482. Measurements of spin transfer coefficients in pd elastic scattering [active], R. Abegg, D. Frekers, P.W. Green,
D.A. Hutcheon, J. Iqbal (TRIUMF), W.C. Olsen, N. Rodning (Univ. of Alberta), R. Schubank, Y.M. Shin, N.
Stevenson (Univ. of Saskatchewan), G.A. Moss (Science World), M. Bleszynski, T. Jaroszewicz (UCLA)

483. An initial look at the (p,ir+d) reaction as a nuclear probe [active], 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. Falk, K.
Furutani (Univ. of Manitoba), G.J. Lolos (Univ. of Regina), K. Hicks (Ohio Univ.)

484. Measurement of the spin dipole resonance with 4OCa(n,p)4OK 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) 48

485. I 5N(n,p)1 5C: An investigation of single particle spin dipole transitions [completed data-taking], 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) 49

486. Spin isovectorgiant 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.
Ce.'ler (Univ. of Western Ontario), M.A. Moinester, A.I. Yavin (Tel-Aviv Univ.), R. Jeppesen, N. King (Los
Alamos National Lab) 49

488. (n,p) on helium isotopes [completed data-taking], R. Abegg, D. Fre kers, 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) 50

489. GT-M1 comparison and isovector spin-dipole strength in (sd) shell nuclei [completed data-taking], O. Hausscr
(TRIUMF-SFU), J. Mildenberger, B. Pointon, A. Trudel, M. Vetterli (Simon Fraser Univ.), W.P. Alford, A.
Celler (Univ. of Western Ontario), R. Abegg, D. Frekers, R. Helmcr, K.P. Jackson, S. Yen (TRIUMF), R.
Henderson (TRIUMF-Univ. of Melbourne), K. Hicks (Ohio Univ.), R. Jeppesen (Los Alamos National Lab),
B.A. Brown (Michigan State Univ.), A. Richter (T.H. Darmstadt)

490. Calibration of a/B(GT) at 300 MeV using the (p,n) reaction on 27A1 and 58Ni [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)46Ca and 45Sc(p, n)45Ti: A significant test of model calculations in the (fp) shell [active], W.P. Alford,
A. Celler (Univ. of Western Ontario), R. Abegg, R. Helmer, K.P. Jackson, S. Yen (TRIUMF), O. Hausser
(TRIUMF-SFU), A. Trudcl, M. Vetterli (Simon Fraser Univ.), R. Henderson (TRIUMF-Univ. of Melbourne),
K. Hick (Ohio Univ.), B.A. Brown (Michigan State Univ.)
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492. Enhancement of the 5 = 1, T — 0 nuclear response in pion scattering [completed data-taking], O. Hausser
(SFV-TRWMF), 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. Seviot (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.
Ristincn (Univ. of Colorado)

•193. /JSR study of exotic single crystal superconductors [completed data-taking], G. Aeppli, B. Batlogg, D.R. Harsh-
man, L. Remeika, L. Scheemeyer (AT&T Bel! Laboratories), E. Bucher (AT&T Bell Labs & Univ. Konstam),
R. Kiefl (TRIUMF), E.J. Ansaldo (Univ. of Saskatchewan), G.M. Luke, T. Riseman, D.LI. Williams (Univ. of
British Columbia)

•191. Superconductivity and magnetism of heavy-fermion and high-Tc related systems: Muon spin rotation study
combined with neutron scattering [activej, A Moodenbaugh, Y.J. Uemura (Columbia Univ.), J.H. Brewer,
S.R. Kreitzman, G.M. Luke, T. Riseman (Univ. of British Columbia), R.F. Kiefl (TRIUMF), S.D. Dodds (Rice
Univ.), M.B. Maple, M. Torikachvili (Univ. of California, San Diego), D.C. 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 [completed data-taking]. 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. Kie.'l (TRIUMF)

496. Measurements of the angular distribution of the spin transfer parameter DLS in pp —> dir+ [active], R. Abegg,
P.W. Green, L.G. Greeniaus, D.A. Hutchcon (TR'UMF), D. Mack, Y. Ye (Univ. of AIberta),G.A. Moss (Science
World)

497. Measurement of the flavour-conserving hadronic weak interaction [active], D. Bandyopadhyay, J. Birchall,
C.A. Davis, N.E. Davison, S.A. Page, W.D. Ramsay, W.T.H. van Oers (Univ. of Manitoba), P.W. Green, D.C.
Healey, P.W. Schmor (TRIUMF), H.W. Fielding, E. Korkmaz, G. Roy, J. Soukup, G.M. Stinson (Univ. of
Alberta), J.D. Bowman (Los Alamos National Lab)

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, J.R. Kempton, M. Senba, K. Venkateswaran (Univ. of British Columbia), J.C. Brodovitch, P.W.
Percival (Simon Fraser Univ.), D.M. Garner (TRIUMF), S.F.J. Cox (Rutherford Appleton Lab), E. Roduner
(Univ. Zurich)

501. Study of the I6O(TT+ , Tr+ir") reaction at T,+ = 240 MeV [active], 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), P.
Trelle (Univ. of Colorado)

502. Measurement of analysing powers in low-energy ird elastic scattering [active], 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 TNN bound state [completed data-taking], 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. Ro-
zon, M.E. Sevior, P. Weber (Univ. of British Columbia), R. Schubank, N.R. Stevenson (Univ. of Saskatchewan),
E.L. Mathie (Univ. of Regina)

504. Analysing powers in the 13C(JT, n') reaction at 50, 65 and 100 MeV [active], 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. Pafilis (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)

505. Total absorption cross sections at low energies [active], E. Friedman (Hebrew Univ. of Jerusalem), R.R. Johnson
(TRIUMF-UBC), M. Hanna, O. Meirav, C. Ponting, P. Weber (Univ. of British Columbia), C J . Wagner (Univ.
Tubingen)

506. Low energy x + d —• 2p analysing powers [active], G.J. Lolos, E.L. Mathie, S.I.H. Naqvi, D.M. Yeomans
(Univ. of Regina), D. Healey, D. Ottewell, G.R. Smith (TRIUMF), G. Jones (Univ. of British Columbia), N.R.
Stevenson (Univ. of Saskatchewan), D. Humphrey (Western Kentucky Univ.)
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508. Study of the tf+ + d -* T " + w+ + p + p reaction at Tn+ = 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 (TR1UMF),
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 186Re 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 [active], 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
State Univ., LA) 08

512. Analysing powers in the 1 3 C ( T , T') 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. Pafilis (l/n»i>. 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 I 2 C(i , ir'7) 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. Pafilis (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. Hitching (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 </(T+~, X~+)KNN [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 14N(JT, 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. Pafilis (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. Intermediate dose rate, total dose effects in Advanced radiation-hardened CMOS microelectronics [active], J.S.
Browning, M. Connors, C.L. Freshman, J.R. Schwank, D.C Turpin (Sandia National Laboratories)

520. /iSR test of mechanisms for high-Tc superconductivity [active], I. Affleck, J.H. Brewer, J.F. Carolan, A.CD.
Chaklader, R. Cline, W.N. Hardy, J. Kempton, S.R. Kreitzman, G.M. Luke, T.M. Riseman, G. Roehmer,
D.Dl. 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 Inst. of Technology), T. Yamazaki (Univ.
of Tokyo), Y.J. Uemura (Columbia Univ) 64

521. /JSR studies of (LaSr)CuO4, Ba(pbBi)O3 and (BaK)BiO3 [active], B. Sternlieb, Y.J. Uemura (Columbia Univ.),
J.H. Brewer, J.R. Kempton, S.R. Kreitzman, G.M. Luke, 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 reactions 4He, 6 7Li, 9Be, uC(v±,nN),n > 1 with PALAS [deferred], G.J. Lolos, E.L. Mathie,
S.I.H. Naqvi (Univ. of Regina), M. Comyn, D. Frekers, D. Ottewell (TRIUMF), D. Humphrey (Western
Kentucky Univ.)
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524. Muonium reactivity enhancements [completed data-taking], M.V. Barnabas, K. Venkateswaran, D.C. Walker,
Z. Wu (Univ. of British Columbia), J.M. Stadlbauer (Hood College), B.W. Ng (Winona State Univ.), Y.C.
Jean (Univ. of Missouri, Kansas City)

525. Muonium studies on copolymerization in micelles [active], M.V. Barnabas, K. Venkateswaran, D.C. Walker
(Univ. of British Columbia), R.F. Kiefl (TRIUMF), Y.C. Jean (Univ. of Missouri, Kansas City), B.W. Ng
(Winona State Univ.), J.M. Stadlbauer (Hood College)

526. A study of the formation and de-excitation of excited nuclear matter [active], J.M. D'Auria, R.G. Korteling (Si-
mon Fraser Univ.), K.P. Jackson (TRIUMF), V. Viola (Indiana Univ.), K. Kwiatkowski (IUCF), S. Kaufmann
(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)

528. Muonium reactions with O2, CO and NO in high pressure moderators [active], D.J. Arseneau, D.G. Fleming,
A.C. Gonzalez, J. Kempton, J. Pan, M. Senba (Univ. of British Columbia), D.M. Garner (TRIUMF)

529. Kinetic isotope effects in the muonium + hydrogen halides (Hx) gas reactions [completed data-taking], D.J.
Arseneau, D.G. Fleming, A.C. Gonzalez, J. Kempton, J.J. Pan, M. Senba, A. Tempelmann (Univ. of British
Columbia), D.M. Garner (TRIUMF)

530. 7r+ - Proton total cross sections at low energies [completed data-taking], E. Friedman, A. Goldring (Hebrew
Univ. Jerusalem), R.R. Johnson (TRIUMF-UBC), O. Meirav (Univ. of British Columbia), B.K. Jennings
(TRIUMF), G. Wagner (Univ. Tubingen), A. Altman (Soreq Nuclear Research Center) 55

531. /«SR study in trans-(CH)x [active], S. Ikehata, K. Nagamine, K. Nishiyama, N. Oda (Univ. of Tokyo)

532. Secondary electron emission in /j-foil interactions [active], Y. Iwata, K. Komaki, K. Nagamine, K. Nishiyama,
A. Otuka, Y. Yamazaki (Univ. of Tokyo), F. Fujimoto (Osaka Univ.), T. Matsuzaki (Inst. of Physical and
Chemical Research)

533. Studies on formation of mesomolecules by introduction of /i" 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 data-taking],
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(n~,2t)i,, reaction [active], K. Kletch, T. Langcn, C. Rangacharyulu, R.B. Schubank, Y.M. Shin,
N.R. Stevenson (Univ. of Saskatchewan), C. Kim (Univ. of Calgary)

537. Radiative decay of the A resonance [active], D.F. Measday, S. Stanislaus, P. Weber (Univ. of British Columbia),
M. Salomon (TRIUMF), E.C. Booth, J.P. Miller (Boston Univ.)

538. Measurement of a/Bar 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) 69

540. Spin response of magnetic dipole transitions in 15SGd [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)

541. Spin-momentum correlations of nucleons in polarized 3He [active], O. Hausser (SFU-TRIUMF), P. Delheij,
K.P. Jackson, C.A. Miller, P. Schmor (TRIUMF), R. Woloshyn (TRIUMF-SFU), J. Mildenberger, A. Trudel,
M. Vetterli (Simon Fraser Univ.), R. Henderson (Univ. of Melbourne-TRIUMF), T. Chupp (Har ard Univ.)

542. Spin-observables from 2BSi(p,p'j) [active], 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)
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544. A search for an excited pion-bomid state of the nucleon via p(p, n).Y + + [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)

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. MiUer, 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, S.K. Leung, S.K. Sun-Mack, P.W. Percival, D.
Yu (Simon Fraser Univ.), R.F. Kiefl (TRIUMF), S.K. Kreitzman (Univ. of British Columbia), S.F. Cox
(Rutherford Appleton Lab), J. VVarkentin (McMaster Univ.)

547. ;t+SR in exotic single-crystal superconductors [active], G. Aeppli, B. Batloff, D. Bishop, C. Broholm, R.J. Cava,
G.P. Espinosa, D.R. Harshman, K.N. Kleinman, L v. Schneemeyer (AT&T Bell Labs), E. Bucher (AT&T Bell
Labs and Univ. Konstanz), T.M. Riseman, D.LI. Williams (Univ. of British Columbia), E.J. Ansaldo (Univ.
of Saskatchewan)

548. /tSR (Condensed matter physics) [active], S. Dodds, T.L. Estle (Rice Univ.), R. Kadono, R.F. Kiefl (TRIUMF),
J.II. Brewer, S.R. Kreitzman (Univ. of British Columbia), E.J. Ansaldo (Univ. of Saskatachewan), 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 (TRIUMF), O. Hausser (SFU-TRIUMF), A. Trudel, M. Vetterli (Simon Frascr
Univ.), VV.P. Alford, A. Celler, (Univ. of Western Ontario), W.C. Olsen (Univ. of Alberta), J. Engel (Caltech),
R. Henderson (Univ. of Melbourne-!'RIUMF)

550. Quasifree ieO(ir+,yp)lbO and nonquasifree 16O(jr""\ 7p)15C at 90, 125 and 160 MeV [active], K. Choi, E.
Korkmaz, D.3. Mack, W.J. McDonald, G.C. Neilson, W.C. Olsen (Univ. of Alberta), R. Abegg, D.A. Hutcheon,
C.A. Miller (TRIUMF)

552. pp — dw+ analyzing powers near threshold [active], R. Abegg, D.A. Hutcheon, C.A. Miller (TRIUMF), 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 [active], 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)

554. nNN resonances induced by proton nucleus scattering [deferred], 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 I2C(x~,pp)X and J2C(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 7r++4He— T* + *~ +pppn [active], O. Meirav, M. Sevior, V. Sossi, D. Vetterli, P. Weber (Univ.
of British Columbia), D. Gill, G. Smith (TRIUMF), R.R. Johnson (TRIUMF-UBC), P. Camerini, N. Grion,
R. Rui (INFN Trieste)

557. Elastic scattering of 100 MeV T+ from a polarized 3He target [active], O. Hausser (SFU-TRIUMF), M. Law, A.
Trudel, M. Vetterli (Simon Fraser Univ.), P. Delheij, D.R. Gill, R. Helmer, P. Levy, C.A. Miller, D.F. Ottewell,
P. Schmor, S. Yen (TRIUMF), V. Sossi (Univ. of British Columbia), A. Celler (Univ. of Western Ontario),
R.B. Schubank, N.R. Stevenson (Univ. of Saskatchewan), R. Henderson (Univ. of Melbourne-TRIUMF), R.H.
Landau (Oregon State Univ.)

558. Measurement of pion scattering and reactions with polarized II and He [deferred], P. Delheij, D.R. Gill, P.
Levy, C.A. Miller, D.F. Ottewell, 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. Vettcrli (Simon Fraser Univ.), N. Grion, R. Rui
(INFN Trieste), E.L. Mathie, M. Yeomans (Univ. of Regina), R. Henderson (Univ. of Mclbournc-TRIUMF)

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 (TIUUMF-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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5C0. Determination of the £ term from a measurement of the polarization in ir~p scattering at Tn = 51 MeV [active],
D.R. Gill, D. Ottcwell, G.R, Smith (TRIUMF), R.R. Johnson (TRIUMF-UBC), G. Jones, O. Meirav, V. Sossi,
D. Vetterli, P. Weber (Univ. of British Columbia), R. Schubank, N. Stevenson (Univ. of Saskatchewan), R.J.
Peterson, R.A. Ristinen (Univ. of Colorado)

561. Threshold measurements of H(x~, Jr+ir~)n and H ( T + , ir+!r+)n [active], O. Meirav, M, Sevior, V. Sossi, D.
Vetterli, P. Weber (Univ. of British Columbia), R.R. Johnson (TRIUMF-UBC), D.R. Gill, D.F. Ottewell,
G.R. Smith, G.D. Wait (TRIUMF), J. Ernst (Univ. Bonn)

562. Spin isovector giant resonances in m T a [active], 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)

563. Search for the 6~;1 stretched state of the mass-20 systems [active], 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.)

*deceased
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