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INTRODUCTION - J.C.D. Milton

Some Highlights from our Activities

This sixth semi-annual report of Physics and Health Sciences covers a
period in which our basic science programs were still adjusting to funding
cuts and the organizational changes accompanying them. A particular
problem has been the shortages produced in CRNL's support staff by the
measures taken to adapt to lower funding levels. The major adverse effect
on Physics and Health Sciences has been the delay induced in the DUALSPEC
project by the over-commitment of design staff. The problem has now been
solved and design has been completed to the point at which procurement of
all major items is committed.

Similar difficulties were avoided by meticulous planning in the TASCC Phase
Ila project. This complex upgrade of the TASCC facility to install the
segment of the beam distribution system immediately following the
cyclotron, was completed on time and within budget during a tightly
scheduled six-month shutdown ending in June. In fact it is likely that
Phase II will be completed this calendar year, ahead of schedule and well
under budget. Progress in overcoming the difficulties encountered in
commissioning the superconducting cyclotron, particularly those associated
with the Jt-mode and beam extraction, has been greatly accelerated, largely
as a result of the establishment of a TASCC Beam Commissioning Group to
give focus and coordination to the work.

The "87t spectrometer", which is jointly owned and operated at TASCC by AECL
and the Universities of Montreal and McMaster, was relocated during the
shutdown and has been producing exciting information on a new type of
nucleus - one that has approximately the shape of a football, and is called
"superdeformed". The physicists working at Chalk River have found the key
to making superdeformed nuclei and have already discovered two of their
own: 149Gd and 153Dy. A very fine Recoil Doppler apparatus has been
constructed and used inside the gamma ball, and a CsI(Tl) miniball is being
constructed to do particle measurements with large solid angle, also inside
the large ball.

In cooperation with scientists from Reactor Development, a new way to
identify and measure hydrogen diffusion in Zr(2.5% Nb), the alloy used in
CANDU pressure tubes, has been identified and is being developed. It makes
use of the superconductivity of zirconium-niobium alloys in the beta phase.
A joint effort by Whiteshell and Chalk River staff, this promises to be a
powerful tool for studying and controlling hydrogen ingress to pressure
tubes and relating it to mechanical and corrosion properties, such as
stress corrosion cracking.
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An important milestone was passed in the National Fusion Program. A
Memorandum of Understanding has been signed between Canada and the European
Community, to enable Canada to participate in the International
Thermonuclear Experimental Reactor (ITER) project. Our membership in ITER
is a tribute to the overall excellence of the National Fusion Program, and
it opens up substantial opportunities for Canadian technological and
industrial development. In addition, a proposal was prepared for, and
submitted to the Federal Government's Networks of Excellence program.

As part of the Applied Neutron Diffraction for Industry (ANDI) program,
measurements have been made of hoop, axial and normal residual strains in a
segment of a Challenger solid fuel booster rocket, strains produced
principally during the rocket blast-off and ocean landing. The results
closely confirmed an independent calculation of the strains by Morton
Thiokol vith a finite element model. This work is one example of many ANDI
contracts carried out for Canadian and U.S. industry during the past year.

A prestigious international review committee, established by the National
Research Council and the Natural Sciences and Engineering Research Council,
has produced an extremely favourable and highly commendatory report on the
Sudbury Neutrino Observatory Project (SNO). It now appears very likely
that SNO will be funded by a combination of NRC, NSERC and other
governmental funding, with a significant contribution from U.S. sources.
The project involves the placement, in a deep underground mine near
Sudbury, of 1000 tonnes of very pure D20, on loan from AECL, as the world's
most efficient detector of neutrinos from the sun and from other stars.

In December 1939, an era came to an end with the retirement of Neil Burn
from his position as Manager of the TASCC Operations Branch. Neil's 28
years at CRNL spanned a period of intense activity in nuclear accelerators
during much of which CRNL led the world. Arriving shortly after the
installation of EN-1, the first tandem accelerator, he soon became a shift
supervisor and went on to supervise the installation and later the
operation of MP-4, which subsequently became the first tandem to be
upgraded to 13 MV with the installation of stainless steel accelerating
tubes. During its 22-year lifetime to date, MP-4, now upgraded to 15 MV
has operated with unusual reliability under Neil's direction. Finally, of
course, Neil supervised the installation of the superconducting cyclotron
and the TASCC facility. Hermann Schmeing has been appointed Manager of the
renamed TASCC Accelerators and Development Branch. In accordance with this
change, the former Sections 4 and 5 of this report have been combined in a
new Section 4.
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Publications and Talks

Despite the budget cuts, productivity as measured by publications and talks
remains high. In the Physics area of Physics and Health Sciences, there
was a shift from full publications to unrestricted reports, probably
because of the large effort on TASCC construction, but the total remained
almost the same. The number of talks, however, increased slightly in both
the Scientific and Public Affairs categories as can be seen from the Table
below.

Calendar
Year

1986

1987

1988

Full
Publications

57

88

64

Unrestricted
Reports

0

4

31

Scientitic
Talks

100

86

99

Public Affairs

44

57

67

Lectures

General talk on CRNL and the nuclear industry to the Rotary Club of
Eganville
J.D. Hepburn
1988 September 22

"AECL: Who We Are and What We Do", Talk presented at the 30th Annual
Radiation Protection Course, J.D. Hepburn, 1988 September 26

J.D. Hepburn participated in six question and answer sessions for Public
Affairs, with groups of new employees and various visiting groups.
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1.1 GENERAL

The first day of this reporting period, 1988 July 1, marked a nev
beginning for TASCC. The planned six-month shutdown for the installation
of beam lines had been completed exactly on schedule (and substantially
under budget); three of our major pieces of experimental equipment - the
8JI spectrometer, the on-line isotope separator and the large scattering
chamber - were all at last on-line to the TASCC accelerators and ready to
begin experiments unhindered by the awkwardness of their previous
"interim" arrangements. Equally important, the cyclotron development
effort was put on a new footing on that date: the TASCC Beam
Commissioning Group was established under the leadership of Hermann
Schmeing, with the mandate to coordinate all cyclotron development work
until reliable operation over the full range of specified beams and
energies is achieved.

It is evident from this progress report that the optimism generated by
these developments was indeed well founded. Not only are the experimental
programs underway with solid new results, but three new 0-mode cyclotron
beams have been extracted (5.6 MeV/u and 6.5 MeV/u beams of 107Ag and 6.5
MeV/u 79Br) and the first Tr-n-ode beam, 127I at 5.12 MeV/u, has been
successfully accelerated. This is a real breakthrough - the first for the
cyclotron in more than two years. In order to achieve this success,
however, the Commissioning Group has had to focus exclusively on beam
development: no experiments have been scheduled to use cyclotron beams, a
situation that will have to continue for a few months longer.

In all, tandem beams were used, either for experiments or development
purposes, for a total of 3000 hours. This beam time was 97% of its
scheduled operating time and 68Z of the total time available. This is a
notable achievement in a six-month period immediately following a major
facility shutdown that included a complete upgrade of the tandem tubes and
resistors. Tandem voltages up to 14.1 MV were used in experiments; it is
expected that once new chains are installed in early 1989 operation will
be routinely possible up to the full 15 MV rating.

Once again, essentially all experiments were collaborative endeavours
involving university as well as CRNL scientists, with the former
contributing 56Z of the total laboratory research effort. This high level
is the same as we experienced immediately before the shutdown, and is
something we encourage every way we can.

The remaining installation of Phase II beam lines - to the last five
target locations - benefited greatly from the efficient construction work
during the shutdown. By now, all the major construction and most of the
details on these lines are complete. All work on Phase II, which also
includes the second ion-injector cage, is scheduled for completion three
months early, at the end of this calendar year.
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Finally, we note with real regret the retirement of Neil Burn. Neil has
been the leader of the accelerator operations group associated with
nuclear physics research for more Chan 20 years, and has adapted
skillfully to the expanding role this group has played. At the time of
his retirement he was manager of TASCC Operations Branch. The evolution
that Neil has guided so well, continues. The responsibility of TASCC
commissioning nov falls more completely within the branch he led, as its
new manager becomes Hermann Schmeing, who will retain leadership of the
TASCC Beam Commissioning Group. To reflect this expanding mandate, the
branch has been renamed TASCC Accelerators and Development Branch, which
is the way it appears in this report.

1.2 TOPICAL REVIEW - HIGHLY EXCITED NUCLEAR SYSTEMS

The systems produced by collisions between complex nuclei provide an
opportunity to study the thermodynamical response of nuclear matter to
excitation. Nuclear matter may be considered to have a temperature which
depends on the average excitation energy carried by each nucleon, (*=E*/A.
Despite the pitfalls of assigning a statistical quantity like temperature
to a small number of nucleons, the concept is useful and practical when a
well-defined and thoroughly equilibrated system such as a compound nucleus
(low-energy collisions) or a participant "fireball" (high-energy
collisions) can be identified. With the help of the statistical model of
Ueisskopf and Ewing (Phys. Rev. 5_7 (1940) 472), Fermi-gas temperatures can
be extracted from the spectra of light particle emitted by compound
nuclei. In the fireball case (see Westfall et al., Phys. Rev. Lett. 37_
(1976) 1202), it is assumed that nucleons within the interaction zone
defined by the geometric overlap of target and projectile have a Maxwell-
Boltzmann momentum distribution, and temperatures are extracted from
light-particle spectra based on that assumption. In both cases, the
temperature increases monotonically with e*.

Reactions induced by intermediate-energy heavy ions (10 MeV/u <
E/A<100 MeV/u) do not produce such clearly-defined equilibrated systems-
Here, participant and spectator roles overlap. Furthermore, time scales
are such that dynamical collective effects and partial thermal
equilibration influence particles at their time of emission, so nuclear
temperature is no longer an unambiguous concept. Despite these problems,
the transitional energy range involves some important physical effects
that make it an interesting region for investigating the thermodynamical
response of nuclear matter.

For example, a liquid-gas phase transition is expected to occur in this
energy region. Such a transition would appear as a break in an otherwise
monotonic increase of apparent temperature with e*. In a study attempting
to map the transition from low-energy to high-energy phenomena (B.
Borderie, J. de Physique C4 (1986) 251), a hiatus in the temperature-
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versus-e* data was indeed observed. One should immediately point out that
this is not necessarily a sign of the long-sought liquid-gas phase
transition: firstly, because the measurements were not kinematically
complete enough to determine the emitting source; secondly, because
opening another degree of freedom (e.g. a mechanical instability) could
produce the same effect; and thirdly, because dynamical components distort
the apparent temperature measurement.

Other interesting phenomena in the intermediate-energy region include the
sudden onset of multifragmentation at a certain beam energy. Recent
results from GANIL (Jin et al., International Conf. on Nucleus-Nucleus
Collisions, St. Malo (1988) contributions, p. 77) indicate the onset of
multifragmentation for 40Ar+27Al between 25 and 35 MeV/u. For heavier
systems, such as Kr+Au at 43 MeV/u, Bougau]t et al. (Nuclear Physics A488
(1988) 255c) find up to 6 heavy (Z>8) fragments emitted, though the
multifragmentation source is moving more slowly than the reaction center-
of-mass, indicating that the entire projectile does not participate in the
process. In that work the authors were able to use a relative-velocity
analysis to exclude fission-like processes as contributors to the
fragmentation.

In order to draw useful conclusions from investigations of this type, one
should ideally examine simultaneously the fragment mass yields and energy
spectra for a specific entrance channel (i.e. fixed impact parameter).
One therefore wishes to be able to characterize the reaction type and then
to examine the exit channel distributions in energy, mass and angle.
This requires an efficiency great enough to detect a large fraction of the
products of any given event. Event characterization by use of
multidelector arrays has long been the practice in "relativistic" heavy-
ion experiments: a multifragmentation analysis of Berkeley Plastic
Ball/Wall data (Doss et al., Phys. Rev. Lett. 59 (1987) 2720) has recently
been performed for the reaction of 200 MeV/u Au with Au, showing from the
angular correlations between the intermediate-mass fragments that a
substantial collective flow is present. Several groups working in the
intermediate-energy range have now constructed the multidetector arrays
necessary for similar event characterization, notably at GANIL and MSU.

At TASCC, we are building a smaller trigger array in collaboration with
Universite Laval. Our array is finely divided and covers the forward
angles of a reaction (0^24°). It is therefore useful for studies of
projectile fragmentation; alternatively, it can be used to reject such
events, thus enhancing the proportion of c: .al collisions studied in
complementary detectors. It may prove possible to increase further the
selectivity of the trigger by combining this array with a ret of particle
detectors currently being developed for the interior of the 8n
spectrometer.
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A set of experiments by a collaboration of AECL, Universite Laval and
University of Toronto with a Michigan State University group is taking
advantage of the tremendous geometric efficiency of the MSU An Array for
charged-particle detection. Together with the close-packed TASCC Forward
Array Bougault et al., Nucl. Instr. and Meth. A245 (1986) 455), it will
simultaneously give the multiplicity of an event, a signal indicating the
amount of energy deposited in the reaction and tell how much of the
projectile jurvived the collision to continue its forward trajectory.
Together these quantities are used to estimate the impact parameter of
each event. Not only do such experiments map the overall reaction
dynamics for comparison with theoretical calculations, but they also
provide an event-by-event impact parameter label for coincident high-
resolution studies of energy, element and isotope distributions.
Preliminary analysis of the first such experiment has demonstrated the
effectiveness of the impact parameter selection technique.

Measurements of this type constitute the emerging generation of
experiments in intermediate-energy heavy-ion reactions. The properties of
highly-excited systems can then be studied by combining overall event
characterization with detailed spectroscopic measurements of specific
reaction properties such as mass and energy distributions or small-angle
correlations.

1.3 RESEARCH

The first experiment following the 6-month TASCC II Subphase A shutdown
started July 21. The remaining 5 months of 1988 witnessed a very active
period of research activity based on tandem-only beams.

The emphasis of the research programs utilizing the 87t 7-ray facility
reflect the current strong interest in superdeformed states in nuclei. A
new discrete-line superdeformed band vas discovered in 153Dy. Other 871
studies searched for band termination in 124Ba and a study of 159Tm was
initiated which is aimed at improving and extending the understanding of
the effects of nuclear shapes on nuclear-structure properties. These
research studies enjoy a strong degree of university and foreign scientist
participation.

The ISOL systems had been upgraded considerably since their last direct
on-line use. The emphasis during this reporting period has been on
demonstrating the utility of the facility for precision half-life
measurements and for on-line mass measurements. In both areas, new
results of scientific significance were obtained.
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The focus of interest in the particle program rests on physics requiring
cyclotron beams. This interest was pursued in an experiment at Michigan
State University in which scientists from CRNL, University of Toronto,
Laval and MSU participated. Analysis of the results is underway at CRNL.
A follow-on experiment is in an advanced stage of planning.

The search for positron-electron annihilation resonances has continued
with additional data being taken with an improved experimental setup.
These measurements are done at Queen's University as are the studies of
hydrogen ingress into various Zr alloys. This latter work enjoys support
from the System Chemistry and Corrosion Branch.

A highly successful workshop centered on the three areas of heavy-ion
nuclear physics emphasized in the TASCC programs was held at CRNL 1988
August 15-18.

1.4 INSTRUMENTATION AND FACILITY DEVELOPMENT

Development work is proceeding well on a modest-sized phoswich detector
array for reaction studies at cyclotron beam energies. A thermal bonding
technique has been perfected that results in a joint between a thin
uniform sheet of AE scintillator and a relatively massive block of E
scintillator; it exhibits excellent optical transmission and no charged-
particle energy loss. A prototype detector shows a response uniformity
over its face of better than UZ. Manufacture of the scintillator elements
and light guides for the detector array is underway, largely at Laval
University.

The ISOL group has devoted a great deal of effort to re-establishing and
optimizing on-line performance of ISOL with the FEBIAD source.
Development work aimed at identifying and eliminating component
instabilities, which limit the already outstanding performance of the ISOL
system, are ongoing. Critical consideration has been given to methods of
data acquisition and analysis with a view to minimizing systematic error
in half-life measurements.

Development work has been done on a charged particle detector array, a
'miniball', to be used in conjunction with the 8n spectrometer.
Construction will start shortly. The recoil-distance apparatus,
constructed for use with the Sn facility, performed very well in its first
experimental tests. The McMaster University contingent of the 8TT group is
developing PC software that will improve the ability to recognize weak
superdeformed-band gamma-ray cascades in a plethora of normal-band data.

Work has advanced on re-establishing the capability for 14C dating and for
36C1 dating. A Bragg-curve detector was developed and tested, and an
improved version is nearing completion.
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Evidence of incorrect predictions ot Ag beam charge-state distributions,
which arose from cyclotron beam development work, prompted measurement of
I and Ag beam charge-state distributions produced by stripping in thin
carbon films. These measurements confirmed that the semi-empirical
formalism of Shima et al. (Atomic Data and Nucl. Data Tables 34 (1986)
357) is in substantial error in these cases.

Nuclear Physics staff collaborated with an NRC group in the calibrating of
a low-energy particle analyzer which the NRC group is developing for use
in a satellite-based experiment.

Several projects were carried out in support of cyclotron development.
The extraction probe development was completed and this instrument
installed in the cyclotron. Unfortunately, failure of the probe drive-
strip prevented the use of the probe as a beam-development diagnostic. A
new drive strip will be installed shortly. The probe-system control-
computer software has been modified to handle operation of the extraction
probe. The software has also been re-packaged so as to provide memory
space for needed additions. A reference measurement platform has been
constructed to facilitate the accurate locating of elements in the
cyclotron mid-plane. Data transfer and analysis procedures were developed
for the PE 3230 on a "crash" basis in order to expedite on-line analysis
and interpretation of the radial-probe turn data - a principal diagnostic
in cyclotron beam-development work.. A model was developed that predicts
the effect of instability in various cyclotron parameters such as r.f. dee
voltage and phase on the radial extent of the beam at extraction radius.

1.5 PHASE II

Extension of the radiation-monitor and safety-interlock system to handle
all Phase II requirements was largely completed. The main outstanding
item is manufacture and installation of facility layout displays.
Commissioning of all Phase II BTS power supplies and switchgear is nearly
complete. Work on beam-line construction and installation has included
some redesign of sections immediately adjacent to target locations in
order to suit experimental requirements better. The line to Tl was
completed and progress made in extending the line beyond T4.

1.6 ACCELERATORS

The tandem accelerator operated satisfactorily during the period,
producing beams for Nuclear Physics experiments in the bypass (tandem
only) mode and for beam development in the cyclotron. Experiments were
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carried our .-i .'Lltages as f--gn as ! 4. 1 wegavolts. Operation above this
level was possible but not teli^ble because of frequent voltage
breakdowns. The cause is mainly attributed to the high energy charging
chains, which are overdue for replacement. The Vivirad resistors continue
to give trouble-free performance.

For cyclotron development, this report period was a time of extraordinary
effort, and commensurate achievement, for the entire TASCC Commissioning
Group. The cyclotron was operated for eleven runs with a tocal duration of
50 days, for an average of 4.5 days/run and one run almost every second
week. Three new 0-mode beams were developed, the first new Learns in more
than 32 months, and one beam was accelerated (but not extracted yet) in pi-
mode operatiu;:, which is a first. In addition, extensive modifications were
initiated wiiic'.-. are now in various stages of completion.

The period started off with three attempts to accelerate and extract Jt \g
at 13 MeV/u. Extraction was not successful, and the runs were plagued w::h
a variety of unrelated problems. A decision was made at that point r.o
improve the performance of the machine by systematically and rigofjusiy
attacking all known problems, even if this should lead to the exclusion of
experimental work with the cyclotron by facility users for a period of 10
months or so. This draconian measure was seen to be in line wiU .e
severity of the known shortfalls. Modifications were m-m propos .• o
almost every subsystem. Approximately half of these are implemented to s. ,ie
degree at the present time, with the remainder scheduled throughout - % } .
Examples of these modifications are: the overhaul of the trim-rod drive
system, improvements to the r.f. stability, elimination of a defi:ient
probe-finger design, significantly improved diagnostic capabilities inside
the cyclotron, increase of the operating range of the electrostatic
deflector by a factor of two, installation of a second screw-compressor :o
service the cryogenics plant, and the remote control of this plant.

In addition to this work, three major "crash programs" were uncertaker.;

1. The Data Acquisition Program. An extensive computer program as
developed in a few weeks on the Concurrent 3230 which allows us to acquie,
analyze, and compare data taken by the two scanning five-finger probes in
the mid-plane of the cyclotron. This capability had not been previ^u^_y
available.

2. The Extraction Channel Probe. A diagnostic tool was developed,
consisting of a probe head and a drive strip to be inserted from u:e
outside of the cyclotron into the magnetic part of the cyclotro; 's
extraction channel. When commissioned in a few week's time, it will ;_1 w
us to follow the beam trajectory throughout the ~2 m-long channel. Ti j
significantly reduces the number of parameters whose correct setting cui
only be verified by the appearance of the accelerated beam outside :.;e
cyclotron. No equivalent information has been available up :o now.
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3. The Deflector Test Stand. A test stand has been commissioned which
allows us to develop and test components and full assemblies of the
electrostatic deflector (albeit, for the time being, without the presence
of a strong magnetic field) used as the first element of beam extraction.
This stand lets us pre-test deflector modifications without tying up the
machine itself, and has already proven its usefulness.

Cyclotron development runs continued in parallel with this multi-faceted
development work. Three runs with 5.6 HeV/u 1 2 7I, were carried out in
August and September, aimed at a better understanding of the nature of
problems previously experienced in extracting beam of 13 MeV/u silver. It
was first established that there had been no obvious changes in the machine
alignment as a result of the various modifications and tests carried out
earlier in 1988. Then, methods of improving the orbit centering by
applying first-harmonic field corrections with the trim rods were studied.
It was suspected that poor centering might have made it impossible to
extract the Ag beam. Two methods were applied to estimate the centre-
correcting harmonics. The first involved a progressive correction from the
centre outward, yielding the necessary phase and amplitude of the
correcting harmonic by deduction from a trial offset. After several
iterations, a centering error of no more than 2 mm was obtained. The
second method also started with measuring the orbit pattern that needed to
be corrected. It then determined corrections to all trim-rod settings in
one pass with a previously measured relationship between changes in trim-
rod settings and their effects on their beam orbit. This procedure still
requires more data for completion. Centering adjustments with 5.6 MeV/u
121I, were finally concluded in the week of 1988 October 2. In the week of
1988 October 17, a beam of 107Ag was accelerated to 5.6 MeV/u and extracted
with an efficiency of 25-30Z, the first new beam to be extracted since
early cyclotron commissioning in 1986.

Some confusion was caused by the charge-state spectrum of the stripped Ag
beam peaking at a higher charge number than deduced from the literature.
Only 3-5 nA could be injected and, without the preparatory work with
iodine to improve centering, it is doubtful whether the 1.0 nA current
would ever have been extracted. As a machine check, the beam line, source
and cyclotron were reset for 5.6 MeV/u, 1 2 7I, then to 109Ag, and finally
back to 107Ag. The turn-around time in each case was four hours or less.
Subsequent careful measurements executed by a Nuclear Physics team showed
that the charge-state spectrum measured in the cyclotron was indeed correct
and that an interpolation between experimental data from I and Br is not
valid.

Once reliable charge-state distributions for Ag had been obtained, a new
107Ag beam at 6.5 MeV/u was calculated and subsequently accelerated in the
week of 1988 November 7. The beam was successfully extracted at an
efficiency of 30% (4nA). A run with the same beam in the week of 1988



November 21 resulted in an extracted current of 25 nA but at the same
efficiency. The latter run led to the discovery and subsequent
investigation of serious beam instabilities, likely caused by insufficient
amplitude or phase stabilization of the r.f. supply. This important
problem has not been addressed rigorously yet.

In an attempt to compensate for the effect of the observed instability, the
radial aperture of the electrostatic deflector was widened from 7 to 9 mm.
oiibsequently, a beam of 6.5 MeV/u 79Br, was accelerated and extracted in
.he vsek of 1988 December 5. No benefit was found from the deflector
adjustment and it was restored to the former settings. Finally on 1988
December 22 and 23 with the r.f. in pi-mode and h=6, a beam of 127I was
accelerated to 5.12 MeV/u. Because of the pending year-end shut-down there
was not time to adjust isochronism and phase adequately to obtain separated
turns beyond 300 mm radius. This was the first opportunity to prove the
cavity cooling additions made earlier in the year, and the results were
encouraging.

Improvement of the extraction efficiency seems, at present, to depend on
two factors. The instabilities mentioned earlier lead to an erratic
transverse motion of the beam in the extraction system. This causes a loss
of 50% of the beam injected into the channel. The second factor is
probably inadequate detailed knowledge of the trajectory of the beam on the
last few turns and its steering at the input apertures of the extraction
system. We have designed a six-finger aperture to be located at the
entrance of the magnetic channel, which will provide additional diagnostic
information concerning both problems.

The overall facility operating record is given in Table 4.6.1.

TABLE 4.6.1

Tandem and Cyclotron Operating Record

1988 July 1 - December 31

Time (hours)
Tandem Cyclotron

Beam Available
Beam Development
Scheduled Shutdown
Unscheduled Shutdown

Total elapsed time

2055.4
944.2
1330.1
86.3

4416.0 hours

3.3
565.7
3815.3
31.7
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1.7 PUBLICATIONS & LECTPRES

a) Publications

DECAY OF 140Gd TO STATES IN N=7714OEu
R. Turcotte, H. Dautet, S.K. Mark, McGill University, Montreal, Quebec,
Canada; E. Hagberg, V.T. Koslovsky, J.C. Hardy and H. Schmeing
Zeitschrift fUr Phys. A331 (1988) 109-110.

BETA-DELAYED PROTON AND ALPHA EMISSION
J.C. Hardy and E. Hagberg
Particle Emission from Nuclei, Vol. Ill, Edited by D.N. Poenaru and
M.S. Ivascu (CRC Press, Inc. Florida 1989).

b) Lectures

HEAVY-ION NUCLEAR PHYSICS WITH TASCC, A NATIONAL ACCELERATOR FACILITY AT
CHALK RIVER
J.C. Hardy
Seminar presented at NRC, Ottawa, 1988 March 10

TASCC: A NATIONAL INSTITUTE FOR PROBING THE ATOMIC NUCLEUS
J.C. Hardy
13th Annual Science Teachers' Seminar
1988 April 9

SUPERALLOWED BETA DECAY: A PROBE OF WEAK INTERACTIONS AND THE POSSIBILITY
OF A FOURTH GENERATION
J.C. Hardy
Seminar presented at Michigan State University, 1988 May 18

TASCC: A NATIONAL INSTITUTE FOR PROBING THE ATOMIC NUCLEUS
J.C. Hardy
Talk presented in the New Employee/Summer Student Lecture Series at CRNL,
1988 July 28

FUNDAMENTAL PHYSICS IN THE NUCLEUS: A PRECISE TEST OF THE WEAK FORCE
J.C. Hardy
Talk at University of Toronto, 1988 November 24
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H.R. Andrews
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D. Ward
S. Yuan (2)

Research Fellows

V. Janzen (3)
C. Pruneau

Attached University Staff

K.W. Allen (4)
F. Banville
P. Barker (5)
M. Beaulieu (6)
S. Cournoyer
T. Drake

Geiger
Yeas
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R.
P.
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,H.
P.
.J.
.E.
, J.
D.
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Bray
Brown
Bucholtz
Dmytrenko
Hill
Howard
Jones
Lori
Luloff

P.D. O'Dacre

Oxford
Montreal
Auckland
Montreal
Montreal
Toronto
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F
W
L
A
R
M
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.R.
.W.
.G.
.B.
.J.
.G.

Perry
Phillips
Sharp
Slater
Smith
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Stalkie
Steer
Walker
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G.
S.
A.
J.
R.
J.
B.
J.
S.
N.
S.
D.
D.
R.
K.
C.
D.
D.
X.

Dyck
Flibotte
Galindo-Uribarri
Gascon (7)
L. Graham
Gray (8)
Haas
Johansson
Monaro
Nadon
Pilotte
Prevost
Rajnauth
Roy
S. Sharma
St-Pierre
Thibault
Townsley
Tran

Students

J.
T.
R.
R.
H.
C.

Balfour
Curtis
Schooley
Sluban
Holmes
White

Technical
National
*DRSA tutor
Technical
*DRSA student
*DRSA student

Manitoba
Montreal
Toronto
Montreal
Guelph
Deep River Science
Montreal
McMaster
Montreal
Montreal
Montreal
Montreal
McMaster
Laval
Manitoba
Laval
Montreal
Manitoba
Hamilton

Canadore terminated
Concordia terminated
Brock terminated
Cambrian terminated
Kingston 88 July 5 -
Mississauga 88 July 5 -

Academy

88 Sept.
88 Aug.
88 Sept.
88 Aug.
• Aug. 4
• Aug. 4

1
26
2
26

* The Deep River Science Academy.

2.3 TASCC ACCELERATORS AND DEVELOPMENT BRANCH

Branch Manager: N. Burn (9)
H. Schmeing (10)

Secretary:

Professional Staff

T. Astarlioglu(ll)
L.B.
B.F.
P.I.
Y.

E.H.
E.P.
L.W.

Bender
Greiner
Hurley
Imahori
Lindqvist
Stock
Thomson

L.C. Gauthier

Technical Staff

G.
G.
R.
R.
S.

L. Backmeier
J. Corriveau
E. Milks
R. Tremblay
G. Whittle
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Operational Staff

Supervisors

F.A.
G.

T.G.
T.W.
R.E.

Galloway
Hodgson
Kosmack
Ryan
Stresman

Operators

J.K.
D.A.
M.J.
J.M.
R.J.
H.C.
B.A.
B.U.
W.G.
R.G.

Barrington
Corriveau
Corriveau
Godin
Kennedy
Lafreniere
McMahon
Noel
Schroeder
Schultz

(1) Transferred to Assistant to Vice-President, TASCC 1988 July 1; then
joined TASCC Accelerators and Development Branch as Branch Manager,
1988 December 15

(2) Visiting Scientist (from the Institute of Modern Physics, Lanzhou,
The People's Republic of China); reported 1988 June 1

(3) Research Fellow; reported 1988 November 14
(4) Visiting Scientist (from the University of Oxford); 1988 June 20 to

1988 August 15
(5) Visiting Scientist (from the University of Auckland); 1988 August 10

to 1988 September 13
(6) Terminated 1988 March 31
(7) Terminated 1988 April 30
(8) Terminated 1988 August 31
(9) Retired 1988 December 31; last working day 1988 December li
(10) Transferred from AVP, TASCC, 1988 December 15
(11) Transferred to NRU Branch 1988 December 5
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3.1 RESEARCH

3.1.1 Search for Positron-Electron Annihilation Resonances

T.K. Alexander and G.C. Ball with H.C. Evans, J.R. Leslie,
H-B. Mak, W. McLatchie, T.J. Radcliffe, P. Skensved and
A.T. Stewart (Queen's University)

In the continued absence of any plausible theoretical model that explains
the presence of narrow correlated peaks in the spectrum of electrons and
positrons emitted from heavy-ion collisions near the Coulomb barrier
(T. Cowan et al., Phys. Rev. Lett. 56 (1986) 444), work has continued on
the investigation of the low-energy electron-positron interaction via the
measurement of the annihilation-in-flight cross section (PR-PHS-P-4:
3.1.1; AECL-9680). A possible explanation of the heavy-ion data is the
production and subsequent decay of long-lived neutral, composite particles
of mass in the 1.5 to 1.9 MeV region. Investigations to search for
resonances in Bhabha scattering are yielding conflicting results (see e.g.
K. Maier et al., Z. Phys. A330 (1988) 173, H. Tsertos et al. Phys. Lett.
B2O7 (1988) 273 and Z. Phys. A331 (1988) 103) and one other annihilation-
in-flight measurement using Nal(Tl) detectors (S.H. Connell et al. Phys.
Rev. Lett. 60 (1988) 2242) has not detected any resonances. Two recent
papers (M. El-Nadi and O.E. Badawy, Phys. Rev. Lett. 6J. (1988) 1271 and
F.V.N. de Boer and R. van Dantzig, Phys. Rev. Lett. 6\ (1988) 1274) have
reported puzzling electron-positron vertices in the study of the
interaction of secondary fragments produced by relativistic heavy ions on
photographic emulsions. The results are consistent with the creation and
decay of a neutral particle with mass 1.6 ± 0.59 MeV and a lifetime of
1.5 ± 0.1 fs.

In our experiment at Queen's University, the target detector Do, in which
positrons are produced by 6.13 MeV gamma rays, has been replaced with one
of smaller volume to reduce multiple scattering of annihilation gamma rays
leaving it. The secondary detectors Da and D2 have had 1 cm plexiglass
shields placed over the ends to eliminate the possibility of detection of
electrons escaping from Do. Almost 500 hours of data have been
accumulated and there is no strong indication of peak structures in the
E7(Dj)+E7(D2) spectrum.

A Monte Carlo calculation has been carried out to model the experiment.
Triple coincidence spectra have been generated by treating D1 and D2 as
"black" surfaces and adding a 1/E photopeak efficiency dependence. The
results are in good agreement with the experiment, but indicate that a
significant portion of the experimental spectrum is due to gamma rays
Compton scattered into one secondary detector in coincidence with
bremsstrahlung photons radiated by the recoiling electrons. Analysis also
shows that the annihilation-in-flight contribution is reduced by multiple
scattering of the positrons prior to annihilation. Monte Carlo
calculations are being done to study the optimal experimental design that
will reduce these effects and improve sensitivity.
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3.1.2 Corrections to Superallowed Fermi /S-decay and Determination of V u J

I.S. Tovner (Theoretical Physics Branch) with J.C. Hardy

Experimental data (Q-values, lifetimes and branching ratios) on the eight
most precisely studied examples of superallowed Fermi /9-decay in nuclei
(140, 26Alm, 34C1, 38Km, 42Sc, 4CV, 50Mn and 54Co) are being surveyed and
minor adjustments are being made to reflect changes in mass standards (see
PR-PHS-P-4: 3.1.2; AECL-9680). The data are also subjected to tvo
theoretical corrections, radiative and Coulomb, 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 conservtd vector current (CVC) hypothesis is valid. The data satisfy
this test to a few parts in 105. Comparison of the weighted mean result
with that of //-decay leads to a value Vud = 0.9740 + 0.0010 for the
leading element in the Koboyashi-Maskawa mixing matrix (see also Tovner
and Hardy in Proceedings of the 7th Int. Conf. on Atomic Masses and
Fundamental Constants, Darmstadt, Seehium, 1984 ed. 0. Klepper
(T.H. Darmstadt, 1984) p. 564). On taking the recommended values
(Particle Data Group, Phys. Lett. 204B (1988) 1) for Vun and V,Jb, the
unitarity test on the first rov of the KM matrix reads

K J 2 + | VU51 ̂ + |vubp = 0.9969 ± 0.0022

tantalisingly close to the expected value of 1.0 for three-generation
unitarity. The error mainly derives from the quoted error in Vcd which in
turn comes from a theoretical uncertainty in the calculated "inner"
radiative correction, a correction which is common to all nuclear Fermi /?-
decay.

3.1.3 Study of Highly Excited Nuclear-Matter Systems with an Exclusive
Impact-Parameter Trigger

C. Pruneau, D. Horn, G.C. Ball, E. Hagberg and M.G. Steer with
L. Potvin, C. Rioux and C. St-Pierre (Universite Laval),
T.E. Drake, A. Galindo-Uribarri and G. Zwartz (University of
Toronto) and D. Cebra, S. Howden, J. Karn, C. Ogilvie,
A. Van der Mollen, G.D. Vestfall, J. Winfield and K. Wilson (NSCL
Michigan State University)

In recent years, much work has been done with intermediate-energy heavy-
ion collisions to determine what temperature can be reached in a nuclear
system before it disintegrates. However, early attempts to determine
experimentally the onset of multifragment^tion, the saturation of apparent
temperature, or the entropy per nucleon have suffered from a common
ambiguity: the inability to determine by inclusive or semi-exclusive
studies the size and excitation energy of the emitting system. A possible
way around this problem is to try to determine the impact parameter
experimentally and then to study the apparent temperature (as determined
from the slope of light-particle energy spectra) and/or the entropy per
nucleon (as determined from the relative abundance of light nuclei) as a
function of this.
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Past experimental studies have shown that for beam energies above
30 MeV/u, the fragments produced in peripheral collisions are
kinematically focused in a small cone around the beam direction. However,
for more central collisions, the violence of the impact results in the
scattering to larger angles of the light fragments produced. It should
then be possible to estimate the impact parameter by studying the fraction
of the beam projectile fragments focused in a given forward cone relative
to the multiplicity of particles emitted outside that cone.

In this experiment, the 4n Array of Michigan State University was used in
conjunction with the Chalk River Forward Array (modified to meet the
specific needs of the experiment) to serve as an impact parameter tagger
for the study of apparent temperatures in central collisions at
intermediate energies. The experiment was performed at the K500 Michigan
State University Cyclotron with 20Ne beams of 35 and 45 MeV/u. Targets of
NaF, Sc and Au were used in order to study mass symmetric (1:1),
asymmetric (1:2) and very asymmetric systems.

One element of the l>™ £'-i:ay was replaced with a dedicated high energy-
resolution detector in order to measure the energy spectra of the light
particles from which the apparent temperatures could be deduced. This
detector, composed of 5 elements, subtended a 8.7 msr solid angle. It was
located at 47° from the beam direction in order to minimize both the
contributions from projectile-like and target-like sources. The first
element of the stack, a surface barrier detector of 100 micron thickness
was followed by four 5-mm-thick (Si(Li) detectors providing enough
stopping power to detect and identify protons and alpha-particles f.jm
thresholds of 5 and 15 MeV up to 67 and 268 MeV, respectively (the dynamic
range for protons is extended up to 90 MeV by considering relative energy
losses in the first elements of the stack). Other ions with element
number up to Z=6 were also identified.

The data were accumulated in three modes, depending on whether the
dedicated detector (Si-telescope), a forward array detector, or a ball
element was required to trigger the acceptance of an event. The ball and
forward-array trigger mode data are necessary to build an experimental
minimum-bias impact-parameter spectrum, i.e. one that reflects the true
proportion of each event type. One can then study the relation between
this spectrum and the impact parameter calculated with theoretical models.
The minimum bias impact parameter thus constructed will serve as a
reference to interpret the apparent temperatures deduced from the light-
particle energy spectra measured in the Si-telescope trigger mode.

Preliminary analysis shows that, as expected, the multiplicity of charged
particles in the ball is anti-correlated with the sum of fragment Z in the
forward array. For a total element number between 7 and 10 detected in
the forward array, the coincident multiplicity of particles detected in
the hi\ ball is very small (MBall < 2). On the other hand, when the total
Z of the fragments detected at forward angles is small (2Z < 4 ) , the
multiplicity of particles detected in the ball is substantially larger
(<Mi)3ii> >> 3) and reaches a maximum for 2Z = 0. It will be interesting
to compare the observed correlation with the results of detailed
theoretical calculations.
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Work is in progress to deduce the apparent temperature from light particle
energy spectra as a function of the total charge detected in the forward
array and the accompanying multiplicity of hits in the ball.

3.1.4 Highly Excited Nuclear Systems Studied as a Function of Impact
Parameter: Extension to Larger, Hotter Systems

D. Horn, G.C. Ball, W.G. Davies, E. Hagberg, C. Pruneau and
M.G. Steer with the CRNL-MSU-Laval-Toronto Collaboration

A proposal to study the highly excited nuclear systems produced in heavy-
ion reactions as a function of impact parameter has been accepted by the
Program Advisory Committee of the National Superconducting Cyclotron
Laboratory at Michigan State University. The experiment will extend our
previous work (section 3.1.3) by doubling the size of the interacting
system and/or doubling the excitation energy per nucleon available to the
system.

The experimental configuration vill include the MSU 4ir Array and the CRNL
Forward Array, as did the earlier work. However, we plan significant
improvements to the high-resolution detectors inserted to replace one
element of the 4n ball. Our design calls for heavy-ion detector
telescopes, each consisting of a 50 yim silicon surface barrier detector
backed by a 5 mm Si(Li) detector, positioned at 39.5° and 52.3°, with the
possibility of accommodating a third telescope at 26.6°. Light-ion
telescopes will have a 1 mm surface barrier detector, followed by 6 cm of
Csl read by a large-area photodiode, positioned at the same angles as the
heavy-ion detectors. The two telescope types should provide isotopic
identification and a continuous dynamic range for protons and alpha
particles from 2 to 150 MeV/u. For heavier particles the 50 i.im silicon
detector provides the required lov-energy threshold e.g 4 MeV/u for Z=10.
Most of the components required for this dedicated assembly have been
ordered.

3.1.5 The Decay of 20Na

E. Hagberg, J.C. Hardy, H. Schmeing and V.T. Koslowsky with
I.S. Towner (Theoretical Physics Branch), E.T.H. Clifford and
H.C. Evans (Queen's University) and R.E. Azuma (University of
Toronto)

A paper containing our detailed results on the decay of 20Na (see
PR-PHS-P-3: 3.1.1; AECL-9503) has been completed. It also includes our
survey of non 0+ -• 0+ superalloved /3 decays and the present status of
those transitions (see PR-PHS-P-5: 3.1.2; AECL-9758). This paper has been
accepted for publication in Nuclear Physics A.

3.1.6 Precise Half-life Determinations of 5QMn

V.T. Koslowsky, E. Hagberg, J.C. Hardy, H. Schmeing, V.L. Perry
and M.J. Watson with K.S. Sharma and G. Dyck (University of
Manitoba) and P. Barker (University of Auckland)

Shortly after the installation of the Phase IIA beam-lines, we performed
an experiment to measure precisely the half-life of 50Mn. This nuclide
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was selected out of the commonly studied set of eight 0+ -* 0* superallowed
beta emitters (140, 26mAl, 3->Cl, 38mK, 42Sc, 46V, 50Mn and "Co; see TASCC
topical review, PR-PHS-P-4; AECL-9680) because its half-life has a
relatively large uncertainty of about ±0.122 and it is easily produced
with the He-jet ion source.

The experiment was hindered by two problems. The first arose because it
was the first occasion on which the new beam-line vacuum section, Is, was
used simultaneously with ISOL operation. Frequent sparking of the He-jet
ion source disturbed the vacuum section control electronics to such an
extent that no measurement was possible until all hardware and control
software interlocks on the vacuum section were overridden. This problem
has been addressed and no longer poses a serious hindrance to experiments
(see section 3.2.2).

The second problem was that the sparking encountered in the ion source
also propagated into our pulse-counting electronics. Since the experiment
records each decay curve, sample by sample, it is straightforward to
discard those data sets which clearly indicate noise in a decay curve of a
multi-scaled spectrum. This pre-selection of data is performed by
examining the x2 of the fit and the individual residuals (see section
3.2.7). Unfortunately, about 30% of the acquired data needed to be
discarded because of electrical noise. The magnitude of the problem casts
suspicion on the remaining data because they too may contain small amounts
of noise that has gone unnoticed by our selection criteria. If so, the
results may be biased. Our present plans are to repeat this measurement
after a number of improvements are incorporated. These include:
hardening our pulse-counting electronics to electrical interference;
increasing the counting rate capabilities of the electronics; and (if
possible) reducing ion-source sparking.

3.1.7 A Search for Superdeformation in B6Zr

C.J. Lister, P. Chowdhury, P. Ennis and B. Crowell (Yale) with
H.R. Andrews, D. Horn, D.C. Radford and D. Ward (Nuclear Physics
Branch), S. Pilotte (Universite de Montreal) and J.C. Vaddington
and J.K. Johansson (McMaster University)

The observation of extremely deformed nuclei having shapes that are
stabilized by shell effects has aroused considerable interest both because
it allows us to probe nuclei in a new regime of rotational frequency and
because the connection between these nuclear shapes and their underlying
microscopic structure appears open to experimental determination.

To date most of the cases of superdeformation have been found in the A-130
and A-150 mass regions although candidates with A-110 and A-180 have been
reported. This project endeavors to extend the study of superdeformation
into a lighter region that has been predicted to be ideal for its
occurrence: namely nuclei with about 44 neutrons or protons (I.
Ragnarrson et al., Proc. Inter. Workshop on the Nuclear Structure of the
Zirconium Region, Bad Honnef, W. Germany, Springer-Verlag (1988)). Here,
the key deformation-driving orbital is predicted to be the h11/2 orbit,
which approaches the Fermi surface at a deformation of fi2 = 0.5
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(W. Nazarewicz et al., private communication). The ideal case for study
is 88Ru but this nucleus lies too far from stability to permit detailed
high-spin spectroscopy. The N=44 isotones 84Zr and 82Sr are under
investigation at Daresbury and Oak Ridge, respectively (H.G. Price et al.,
Phys. Rev. Lett. 5_1 (1983) 1842 and V. Gelletly et al., Daresbury
experimental proposal 1988; C. Baktash et al., B.A.P.S. 33 (1988) 1574 and
Oak Ridge proposal 1988) so we selected the N=4€ nucleus 86Zr for study
and expected that two N=45 nuclei 83Sr and 85Zr would be produced as well.
Evaporation calculations with PACE and CASCADE codes indicated that these
nuclei could be strongly produced at high spin.

The ideal device for this experiment is the 3n spectrometer at Chalk
River. The 60Ni(30Si,2p2n)86Zr reaction was used at 135 MeV. Two stacked
foils of enriched 0.48 mg/cm2 nickel were used to reduce Doppler
broadening. The reaction was calculated to introduce a mean spin of 30K
into 86Zr with a FWHM spread of 15K while the excitation energy was below
25 MeV. Initial on-line indications were good; the BGO inner ball of the
8n spectrometer indicated multiplicities extending to M=25 and a hardware
trigger of M>7 was selected. The production of S6Zr was higher than
expected under these conditions and a gamma-gamma matrix gated by M>14 was
almost entirely 86Zr. Data acquisition and parallel off-line sorting
proceeded for four days and 41 high-density tapes of data were completed.
The (30Si,a2pn)83Sr and (30Si,2p3n)85Zr reaction channels appeared in a
low-multiplicity matrix but were weaker than calculated.

The data are undergoing analysis at Yale with software transferred from
Chalk River to facilitate this work. Several initial observations can be
made although results are only starting to emerge.

1) 86Zr has been previously researched at lov spin and has been found to
be a shell model nucleus at spins below 15M (E.K. Warburton et al.,
Phys. Rev. C3_l (1985) 1211). Our results indicate a change to
collective behavior, and a large E2 bump of continuum gamma rays is
the dominant feature in the spectrum.

2) In gamma-gamma correlation matrices, the E2 bump is sharply defined
but correlated structure corresponding to a sequence of in-band
transitions and manifested by ridge-and-valley patterns is rather
weak. This may indicate that the nuclei were too hot for optimum
superdeformation population.

3) The discrete-line decay scheme is being significantly extended.
Previous studies reached spin 15K and this has been extended into the
mid 20's with many transitions yet unplaced.

A great deal of work still remains to be done to establish the structure
of this nucleus at high spin and to investigate the transition from
single-particle to collective behavior.
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3.1.8 Direct Mass Measurements of

K.S. Sharma and G. Dyck (University of Manitoba) with E. Hagberg,
V.T. Koslowsky, J.C. Hardy and H. Schmeing

Our first TASCC II direct-mass-measurement experiment with the ISOL vas
completed in this period. The experiment was aimed at measuring the mass
of 104In. The mass of this isotope has been measured before but the
results have been inconsistent and controversial (see PR-PHS-P-4: 3.1.4;
AECL-9680).

Neutron-deficient isotopes of indium were produced with the
92Mo(160,pxn)107"xIn reactions. They were ionized in our FEBIAD ion source
and injected into the ISOL with energies of about 40 keV. The masses of
the i°3,io5jn isotopes are well known and not disputed. We therefore used
them as our reference standards.

An ISOL mass measurement is made by incrementing/decrementing the
accelerating voltage in small steps so as to scan over selected mass
peaks, thus determining the voltage values corresponding to the nass peak
centroids (see PR-PHS-P-5: 3.2.2; AECL-9758). In the present experiment,
25 scans were made. Seven of them had to be rejected, most of them
because of sparks in the ISOL accelerating voltage, which severely
disturbed our voltage-readout system. Twelve of the acceptable scans
relate to the 104In-105In doublet measurement, four to the i03In-JD4In
doublet measurement and two to the 103In-104In-105In triplet measurement.
The triplet scans allow us to isolate systematic errors in the
measurements. The experiment went very well with the complex
acquisition/control software and the ion source performing reliably
throughout.

With a full complement of data on magnetic tape we could, for the first
time, thoroughly test the analysis software. Several monitoring tasks and
consistency checks were added as a result of these tests. These additions
reject from the analysis those scans that may introduce a systematic bias
to our results. It was these precautionary measures that caused the
rejection of about 30% of our raw data, most of it for reasons that are
evident upon a detailed examination of those data.

Our preliminary results indicate that we have measured the mass of 104In
with a precision of about 1.5 ppm, our most precise result so far. Our
value for the 104In mass is in agreement with systematics and should
settle the existing controversy.

3.1.9 Search for Terminating Bands in 124Ba

S. Pilotte, S. Flibotte, S. Monaro, N. Nadon, D. Prevost and
P. Taras (Universite de Montreal) with J. Johansson and
J.C. Waddington (McMaster University) and H.R. Andrews,
D.C. Radford and D. Ward

A systematic search for band-termination phenomena in light barium
isotopes has been continued with a study of 124Ba. The motivations behind
this work were: 1) there was a suggestion of band termination in 126Ba



from one of cur previous experiments (PR-PHS-P-5: 3.1.5; Ah!CL-97b8) and
2) the 156Er nucleus which contains 68 protons (compared to f/6 neutrons in
12'!Ba) shovs definite band termination (I. Ragnarsson et al., Pbys. Scrip.
34 (1986) 651). Therefore, 12->Ba is a likely candidate for band
termination, which is predicted to occur at 36K where the angular momenta
from the configuration v(h11/2)

4 x T.(dS/2)
2(g1/2)

?(h:l/2)
2 become aligned.

Other properties such as band crossing's and alignment gains are less veil
known in :24Ba compared to 126Ba and 12BBa, making a general interpretation
of this region difficult.

High-spin states in 124Ba were populated in the reaction >;Zr(3 •S,4n)1~'l3r.
at 135 MeV. In the first part of the experiment, the target comprised tvo
self-supporting 94Zr foils (600 /ngn/rm: each), and in the second part ot
the experiment it comprised a ''"'Zr layer (-1 mg cm"2) evaporated onto a
gold foil. Some 300 million events were collected, of which 70 million
came from the gold-backed target. Events were sorted according to
selection on H(total 7-ray energy) and K(number of BGO detectors
triggered), chosen to enhance the 4n channel leading to 121Ba. The
resulting Ê -E.., correlation matrix contained about 427=' :':Bn and 30Z
120'121 '122Xe isotopes. From a preliminary analysis of the data from the
thin-target experiment, 'JO vere able to extend the yrast band :o 3-'<K (Fig.
3.1.9.1) from 18K established in a previous study by the Grenoble and CRN
groups (J.P. Martin et al., Zeit. tilr Phys. h_Y?,b (1987) 337). The
negative parity bands have been extended up to the crossing rop.ioii at spin
25K and 20K.

At the present level of analysis, no band termination behavior has been
observed. Plots of experimental aligned angular momentum and the Routhian
(Fig. 3.1.9.2) for the yrast band are compatible with a tfh11/2 crossing
having an alignment gain of 7M at a rotational frequency of 0.37 MeV. A
gentle upbend is also present at 0.49 MeV with a much smaller alignment
gain of approximately 2K. The negative parity bands are crossed at the
same frequency of 0.44 MeV vith a gain of 5K. The nature of the crossings
involved, as well as the initial quasi particlo configurations, can be
ascertained by comparing these results with the predictions of the cranked
shell model and a detailed investigation has been undertaken.

3.1.10 Search for a Second Superdeformed Band in 133Nd

D.C. Radford and H.R. Andrews with B. Herskind (Neils Bohr
Institute), J.F. Sharpey-Schafer (Liverpool), S. Pilotte, Prevost
and S. Flibotte (Universite de Montreal) and J.K. Johansson and
J.C. Uaddington (McMaster University)

The 87v spectrometer has been used to search for a second (excited)
superdeformed band in I3JNd. The reaction noPd(28Si ,5n) was used, at beam
energies of 155 and 151 MeV. In addition to the usual BGO ball sum-
energy and multiplicity, and Ge-coincidence data, the energy and time data
from ball elements contributing to the event and registering gamma ray
energies exceeding a 2.5 MeV threshold vere included in the event-record
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written to magnetic tape. This was done in order to isolate the
continuous high-eiiergy (2.5-25 MeV) radiation associated with population
of the band, and thereby look for a possible enhancement of El statistical
transitions (B. Herskind et al., Phys. Rev. Lett. 59 (1987) 2416).

Approximately 3 x 108 two-fold and higher Ge coincidences were recorded
during the 5-day run. The known superdeformed band was visible in the
data; however, the 5n channel was weaker than several competing charged-
particle channels, and consequently the backgrounds were high. That the
superdeformed band was visible at all under these conditions is remarkable
and testifies to the anomalously strong feeding of the band in 133Nd. The
feeding of the superdeformed states was estimated to be 20% of that of the
normal states (Wadsworth et al., J. Phys. GJJ3 (1987) L207) and our data
corroborates that. No evidence for the existence of additional discrete
bands was found.

The data have been sorted to extract information from the three-fold
events by placing gates on the known superdeformed band, and also by
replaying into a condensed triples "cube" (464 channels on a side).
Analysis of this, together with the standard doubles data, is underway (in
Denmark).

3.1.11 Decays of Neutron-Deficient Gadolinium Isotopes

P., Turcotte, H. Dautet, S.K. Mark and N. de Takacsy (McGill
University) with E. Hagberg, V.T. Koslowsky, J.C. Hardy and
H. Schmeing

Our work on the decay of 140Gd is complCe. A paper containing our
findings has appeared in Z. Phys. A 33_1 (1988) 109.

Work has progressed on attempts to resolve the differences in the decay
schemes of 141Gd obtained by us, a group at Berkeley and a group at
Grenoble (see PR-PHS-P-5: 3.1.8; AECL-9758). Discussions among the three
groups and some subsequent re-analysis have now produced agreement on the
level scheme of 141Gd and the position of an 11/2" isomeric state in this
nucleus. The only remaining difference on the 141Gd level scheme is the
half-life of the ground state, but none of the three groups has good data
on this quantity.

Some differences also remain for the level scheme of 141Eu. The
contentious item is a band ending in a strong 216 keV 7-ray transition.
The Berkeley group has assigned this band to begin at the ground state of
141Eu whereas we and the Grenoble group have built this band on the
96.5 keV isomeric state in 141Eu. It appears that these remaining
differences cannot be resolved without further experimental invrstigation.
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3.1.12 Discovery of Superdeformation in 153Dy

J.K. Johansson, J.A. Kuehner and J.C. Waddington (McMaster
University) with D. Ward, H.R. Andrews and D.C. Radford (Nuclear
Physics Branch) and P. Taras, S. Pilotte, S. Flibotte, A. Djaafri
and A. Thhami (Universite de Montreal)

A beam of 34S at 165 MeV was incident on a 124Sn target (two foils
-400 ngm/cm'2). The reaction 124Sn(34S,5n) 153Dy populated nig. -spin states
in 153Dy. The objective of the experiment was to search for discrete-line
superdeformed bands. Approximately 350 M events were recorded. The HPGe
coincidence data were sorted into two 41c x 4k matrices with windows set on
regions of total energy H and multiplicity K chosen to emphasize the 5n
(153Dy) and 4n (154Dy) products respectively.

A discrete-line superdeformed band was discovered in I53Dy comprising 13
transitions ranging from E7 = 810 keV to Ey = 1362 keV. The feeding of
the superdeformed states was estimated to be 0.3% of that of the states of
normal deformation in l53Dy and is much weaker than has been found in
neighbouring nuclei (typically 1-2Z). The spacing between transition
energies is nearly constant at 46 keV.

These results are of interest for several reasons. Firstly, this is the
heaviest nucleus in the rare-earth region in which superdeformation has
been observed. Secondly, the last occupied neutron orbital is beyond the
N=86 shell gap and in a region of relatively high level density, whence it
appears that a shell gap is not essential to the existence or observation
of superdeformation. In fact, the multiplicity of closely spaced orbitals
available to the 87th neutron implies that in this nucleus, there should
be several superdeformed bands lying relatively close together. This is
in marked contrast to the situation in other cases in the region; for
example, in 149Gd the yrast superdeformed band is calculated to be 1.5 MeV
below the next lowest superdeformed band.

In the calculation of Abcrg et al. (private communication) each key quasi-
particle orbital makes a distinctive contribution to the total dynamical
moment of inertia J<2> viewed as a function of rotational frequency.
Hence, by comparing the measured J(2) values in 153Dy and 152Dy it should
be possible to assign an orbital to the 87th neutron in the newly
discovered band. In this way, it may be possible to deduce experimentally
the ordering of orbitals in the superdeformed well which could provide a
major challenge to theory. Calculations in collaboration with the Lund
group have been initiated.

3.1.13 First Attempt at Mass Measurements in the Rare-Earth Region

E. Hagberg, V.T. Koslowsky, J.C. Hardy, H. Schmeing and S. Yuan
with K.S. Sharma and G. Dyck (University of Manitoba)

Mass measurements of neutron-deficient isotopes in the rare-earth region
are of special interest because many of these isotopes are the end-points
of long a-decay chains. A measurement of the mass of such an isotope



3-13

yields the masses of all nuclides in the chain, often resulting in
accurate masses for nuclides all the way out to the proton drip-line.

A short experiment with our helium-jet transport system was performed in
order to establish the production rates of ytterbium, thulium and erbium
isotopes from a 144Sm target and beams of 12C, 14N and 160. Good
production rates were found for all isotopes of interest. Subsequently,
the same reactions were studied with the ISOL and the FEBIAD ion source.
Here we expected lower count rrtes because of the low ion-source
efficiency. We found that the count rates for long-lived ytterbium
isotopes were acceptable but those of short-lived ones were reduced by
several orders of magnitude, indicating a long hold-up time in the source.
A mass measurement of these isotopes was therefore not possible.

Mass measurements in the rare-earth region will be possible if the hold-up
time in the FEBIAD source can be reduced or if the helium-jet source, with
its very fast release time, has a good rare-earth efficiency. Both
options will be pursued in the future.

3.1.14 Spectroscopy of High-Spin States in 159Tm with the 871 Spectrometer

D.C. Radford, D. Ward and H.R. Andrews with S. Pilotte, N. Nadon,
and S. Flibotte (Universite de Montreal)

A 37C1 beam at 160 MeV was incident on a 126Te target (1 mg/cnr2 backed
with gold). The reaction 126Te(37Cl,4n) 159Tm populated high-spin states
in 159Tm. This study is a continuation of our work on 157Ho aimed at
understanding the effects of nuclear shape on nuclear structure
properties, particularly the influence of triaxial distortions on band-
crossing frequencies, branching ratios and mixing ratios.

The experiment was the first one attempted with the 8JT spectrometer at its
Phase II location, and considerable time and effort were spent in
commissioning the beam-transport system. Although the spectra show more
detail than any previously published (even with only ~30 M events), it
will be necessary to repeat the experiment in order to get the best
results possible.

3.1.15 Hydrogen Ingress Studies in Zr, Zr-2 and Zr-2.5 wt% Nb

J.S. Forster, D. Phillips and T.K. Alexander with J. Gulens
(General Chemistry Branch), N. Ramasubramanian and R.L. Tapping
(System Chemistry and Corrosion Branch) and J.R. Leslie and
T. Laursen (Queen's University)

The work, on hydrogen ingress in Zr reported earlier (see PR-PHS-P-5:
3.1.14; AECL-9758) has continued. As well as thin foils of Zr, we have
made measurements with thin foils of Zircaloy (Zr-2) and Zr-2.5 vt% Nb.

In these measurements, the native oxide on the foils was removed by
filling the cell with a QAX solution of NH4HF2 in D20 for 3 to 5 minutes.
The cell was then flushed with D20. The D20 was pumped out and the cell,
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after flushing twice vith H20, was filled with H20. The deuterium taken
into the foil was measured vith the D(3He,p)4He reaction by observing the
reaction protons at 170° to the beam. The 3He beam energy vas chosen, for
each foil, such that the peak of the reaction cross section occurred at
the liquid-solid interface.

In all cases, the proton yield indicated that the deuterium, which entered
the foil during the NH4HF2 etch, penetrated =0.5 /im into the foil although
a small amount diffused through to the vacuum surface in these room
temperature experiments.

Attempts to anodize, in situ, the surfaces of the foils that had been
etched were only moderately successful. Subsequent to the ion-beam
experiments at Queen's University, it was found that the epoxy holding the
foils onto the cell causes problems when anodizing vas tried at a constant
current. We have found that coating the epoxy with an insulating lacquer
removes this problem and we intend, in upcoming experiments, to determine
the effect of oxide formation on the near-surface layer of deuterium.

Although these experiments are carried out at room temperature whereas
pressure tube temperatures in operating CANDU reactors are 300°C, the
stresses in the foils, caused by vacuum on one surface and atmospheric
pressure on the other, are considerable- A calculation of the stress in
the foil indicates that it is of the same order or slightly larger than in
a CANDU pressure tube.

In a separate experiment at Queen's University, the effect of deuterium
release as a result of ion-beam heating was investigated. Some of the
thin foils used as "windows" in the cell were dipped in the NH4HF2

solution. The foils were then bombarded vith 3He beams of different spot
sizes and intensities. It was f >und that at currents above 20 nA, for
0.5 mm spot size, the deuterium content decreased as a function of
accumulated beam dose. It must be noted that, because of the presence of
liquid on one side of the window during the measurements using the cell,
the heating should be greatly reduced. Also, from these experiments, it
was possible to determine the effect of beam straggle. Since both sides
of the foil were etched, the proton distribution exhibits two peaks, (from
the deuterium in each surface). The peak corresponding to the surface on
the side downstream from the beam was considerably wider than the peak
from the surface facing the beam. In fact, the peak from the downstream
surface was approximately a factor of three wider than what would be
expected for normal straggling. This is attributed to foil thickness
variation produced while rolling the foils to the desired thickness of
1.5-2.0 jwn.

Further analysis is being carried out and more experiments are planned.
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3.1.16 TASCC Workshop '88

M. Harvey (Theoretical Physics Branch) with T.K. Alexander,
G.C. Ball, J.S. Forster, D. Horn, V.T. Koslovsky and D.C. Radford,
L.W. Thomson (TASCC Accelerators and Development Branch) and
I.S. Towner (Theoretical Physics Branch)

A Workshop on heavy-ion nuclear physics was held at the Chalk Riven
Nuclear Laboratories during August 15-18 organized by the authors.
Twenty-four foreign participants joined their thirty-three Canadian
university colleagues and eighteen Chalk River physicists for a program
that centered around the three major areas of research at TASCC, namely
heavy-ion reaction mechanisms, nuclear structure at high-spin, and
fundamental /J-decay properties. Foreign participation was dominated by
tiiose from the U.S.A. but included representatives from Italy, Israel,
France, U.K., Denmark, West Germany, Portugal and as far afield as
Australia and New Zealand.

The Workshop featured invited talks, in the reaction mechanisms area by
David Boal (Simon Fraser - "Theoretical Aspects of Heavy-Ion Reaction
Mechanisms") and Robert Stokstad (Lawrence Berkeley Labs. - "Multiple
Decomposition of 12C, 14N and 160 Projectiles". Those in high spin physics
were given by Frank Stephens (Lawrence Berkeley Labs. - "Experimental
Aspects of High-Spin Physics") and by Jerry Dudek (Strasbourg -
"Theoretical Developments in High Spin Nuclear Structure"). The invited
talks for the beta-decay sessions were given by Paul Barker (Auckland -
"Superallowed Fermi Beta Decay: Experimental Prospects") and by Alberto
Sirlin (New York - "Beta Decay and the Universality of the Weak
Interaction"). A general interest talk was given by Berndt Miiller
(Frankfurt - "Theories of Positron Production in the Collisions of Very
Heavy Ions").

The aim of the Workshop was for contributions from all participants and
this vas encouraged by three 90-minutes general discussion sessions -
periods that were enthusiastically supported. The Workshop was sponsored
by Physics and Health Sciences at CRNL and the Natural Sciences &
Engineering Research Council of Canada.

3.2 INSTRUMENTATION AND FACILITY DEVELOPMENT

3.2.1 ISOL: Operation and Development

V.T. Koslowsky, E. Hagberg, J.C. Hardy, W.L. Perry, M.J. Watson,
H. Schmeing and S. Yuan

Since the last report and completion of the TASCC Phase IIA beam-
distribution system, five on-line experiments have been performed in
collaboration with scientists from the University of Manitoba and the
Institute of Modern Physics, Lanzhou, The People's Republic of China.
These experiments involved mass-measurements of In isotopes, preparatory
tests for future mass-measurements of Er, Tm, Yb isotopes and the half-
life determination of 50Mn. They are described in section 3.1.8, 3.1.13
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and 3.1.6 of this report. As well, a significant number of technical
developments, primarily focussed on bringing our tvo on-line ion sources
and the ISOL back into routine operation, have taken place. They include-:
commissioning of the accelerator beam line to the ISOL; recon.-missioning
the FEBIAD ion source, vhich was idle since the first TASCC shutdown;
further upgrading of the He-jet ion source; off-lii1^ ISOL bean-slabi]ity
measurements; improved helium-jet pumping and the design of new ISOL beam-
diagnostic equipment. They are each described in subsequent sections. Tn
addition, this last period saw the completion of more than 50 ISOL
electrical blueprints by Plant Design. This was an onerous but essential
task since future modifications, small or large, depend critically on good
documentation.

3.2.2 TASCC Beam Line Leading to ISOL

V.L. Perry, M.J. Watson and V.T. Koslowsky

The purpose of this beam-line vacuum section is to transport a beam fro:!i
the main artery, into a high-voltage cage surrounding the ISOL ion
source, to tvo target locations. The first is a gas-filled target chamber
used in conjunction with the He-jet ion source. Vhen this chamber is
replaced by a short pipe, the beam can also be directed into the second,
FEBIAD ion source. A number of beam-line components and all of the vacuum
section control electronics reside, for convenience, in the high-voltage
cage.

All features of the beam line, except for the fast valve which lias yet to
be installed, work as intended vhen the ISOL is idle. However, a
significant number of problems vere initially encounteied vhen the ISOL
was in operation because high-voltage transients caused by ion source
sparking frequently disturbed the sensitive vacuum-control electronics and
disabled the beam line. In the past months, modifications have been made
to the control electronics in order to increase its resilience to
transients. They include optically coupling all limit switches, disabling
all the manual remote controls found adjacent to the valves and Faraday
cups, shielding unshielded cables and modifying the output circuitry of
the set-point amplifiers. Presently, we experience about three spurious
valve closures per day. A possible cause of even this low incidence has
been identified and remedied. Future on-line experiments will indicate
the degree to vhich this problem has been alleviated.

3.2.3 He-jet Ion-Source Developments

M.J. Watson, W.L. Perry, V.T. Koslowsky and H. Schmeing

In this past reporting period, the helium-jet ion source has been equipped
with a new anode/heat shield support structure to facilitate higher
temperature operation through improved cooling of peripheral components
and to ease the disassembly and servicing of the ion-source. New tungsten
anode cylinders, prepared by a commercial firm, have been received and one
is now installed. Although these anodes are extremely resistant to
chemical attack and structural fatigue at elevated temperature, they
become brittle, eventually crack and require replacement. A new mechanism
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for pressing and holding the support-gas capillary against the anode
cylinder has been devised in order to reduce the occurrence of leaks which
reduce the efficiency of the ion source. The source assembly has also
been modified to accept various sizes of the capillary that transports the
radioactivity from the gas-filled target chamber to the inlet orifice of
the source itself. Our standard capillaries have had an inner diameter of
0.8 mm but a range from 0.25 to 2.5 mm is now possible. This will permit
selectivity in target-chamber pressure while maintaining the desired gas
throughput into the ion source. The side-jet, an additional capillary
aimed across the skimmer orifice, is partially assembled. Its function is
further to limit, by nearly an order of magnitude, the helium flow into
the anode cylinder, thus permitting larger gas flows through the target
chamber and greater efficiencies for transporting activities with sub-
second half-lives.

In order to pump this larger quantity of helium gas, the pumps, a US2000
Roots Blower and two forepumps, will operate on a high-voltage deck at the
same potential as the ion source - about 40 kV. At present, the new high-
voltage deck is installed, the pumps are in place and an additional cage
is being built around the deck. Commissioning should be complete in the
first quarter of next year. On-line experiments with the FEBIAD source
will not be disturbed because of this endeavor.

3.2.4 Recommissioning of the FEBIAD Ion Source

E. Hagberg, W.L. Perry and M.J. Uatson

The first on-line ion so;.ce used with the ISOL was a FEBIAD-type source
(PR-PHS-P-2: 2.7: AECL-6582). This source was used for all on-line
physics experiments until the TASCC Phase I shutdown in 1982. When the
interim target location was in use, the accelerator beam could not be
brought directly to the ISOL ion source so that all on-line experiments
were performed with our newly developed helium-jet ion source (PR-PHS-P-1:
3.2.1; AECL-9262). The completed subphase-A beam line can transport beams
to the ISOL ion-source area and now both the FEBIAD and the helium-jet ion
source can be used.

The FEBIAD source had not been used for six years and needed
recommissioning. An inventory of source parts was made and parts were
machined where the inventory indicated an unacceptably low level of
spares. Quick-connect cables were made to hook the appropriate FEBIAD
power supplies to the ion-source. A scheme was devised to facilitate easy
switchovers of power supplies between FEBIAD and helium-jet source
operations. A remote control/readout for the FEBIAD magnet supply, which
sits at ground potential, was commissioned. The calibrated test leak that
supplies a standard amount of xenon support gas to the source was
replenished with xenon and mounted on our gas distribution panel.

The source performed well in the first off-line test. The expected stable
beam intensity and efficiency was soon reached as was a resolving power of
8600 with a 1/2 mm extraction orifice. A stable beam was transported to
our experimental chamber and the parameters for the beam-transport line
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appropriate to FEBIAD source beams determined. It war found that the beam
could be brought to this chamber without any losses.

The 129Xe equilibrium beam current from the FEBIAD source was measured
repeatedly over a 3-week period. The source was frequently fired up and
cooled during this time. Each time the source was fired up and its yield
peaked, the l29Xe beam current was found to be the same to within ±IOZ.
When the source was left unattended by the operator, the output was stable
to within ±2% over 1 hour and to within +3% over 5 hours.

For future experiments, the FEBIAD source will be our first choice when
continuous, stable, long-term operation is important. The helium-jet
source will be our first choice when fast separation is important and when
the isotopes to be studied are of refractory elements.

3.2.5 ISOL Stability Tests

E. Hagberg, S. Yuan, W.L. Perry and M.J. Watson

When the ISOL is used for direct mass measurements, it is vitally
important that the ion-source beam current and the beam position do not
drift during the measurement. These quantities, as well as the stability
of many power supplies and read-out systems used 'jor the ISOL, were
therefore extensively investigated before the TASCC Phase I shutdown (PR-
P-133: 2.28; AECL-7683). Since then the whole ISOL has been moved to a
new location, the entire high-voltage deck has been redesigned and a new
water-cooling system has been installed. Since these changes could
influence the performance of the ISOL, we have begun to re-measure the
stability and performance of the ISOL system and its components.

The beam-position stability was measured repeatedly by scanning the 129Xe
beam over a 0.02 mm diameter tungsten wire in the collector tank and
evaluating the centroid of the peak. The beam was initially positioned
with its peak centered on the wire at an accelerating voltage V of
40 000V. The change in accelerating voltage, AV, required to maintain the
centroid at this position was measured as a function of time. This
procedure tests the effects of the combined stability of the ISOL
accelerating voltage, the ISOL magnetic field and the ion source. After
allowing for a source warm-up of half-an-hour duration and then leaving it
unattended, the beam position (AV/V) was stable to within ±5 ppra over a
period of 5 hours. The corresponding value from our tests 6 years ago was
±10 ppm.

The main source of the beam-position fluctuations measured six years ago
was found to be changes in the field of the main magnet caused by the
27 ppm/"C temperature sensitivity of a shunt in the magnet power-supply
stabilization unit. The temperature of the cooling water supplied to this
shunt had a 20-minute cyclic variation of ±0.3°C resulting in a cyclic
variation of the beam position of ±8 ppm. In our present measurement,
there was no cyclic variation of the beam position and its dependence on
the shunt cooling water temperature was small, ^10 ppm/cC. The reduced
temperature sensitivity is possibly due to changes in our water cooling
system: the TASCC chilled water is now used for the magnet coils, power
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supply and shunt, whereas in the past two separate water systems were
used.

The improved beam-position stability was also apparent in our first TASCC
II direct mass measurement with the ISOL. In this experiment, our
systematic error was about 1.5 ppm whereas, in similar experiments six
years ago, our systematic errors were 4 ppm. The reduction in systematic
error is not only due to improved instrument stability but also to a
change in our measurement procedure (see PR-PHS-P-5: 3.2.2; AECL-9758)
that reduces the effects of slow drifts in our instruments.

The improvements mentioned so far are somewhat offset by indications that
our voltage-readout system is not as stable. Although our accelerating
voltage is very stable, as shown by the beam-position measurement, the
measurement of that voltage appears to introduce the major source of
uncertainty in our direct mass measurements. Future stability tests are
aimed at investigations of the individual components of our accelerating
voltage measurement system. Furthermore, since ve have shown that the
present ±5 ppm instability in the beam position is not correlated to
shunt-temperature variations, its origin requires further investigation.

3.2.6 ISOL Beam Diagnostics

M.J. Watson and V.T. Koslowsky

On-line and off-line experiments with an isotope separator rely heavily on
separator beam diagnostics. Mass measurements of radioactive isotopes
require precision slits. Optimum ISOL ion-source and ion-source-magnet
settings as well as main magnet correction coil settings can only be
determined if one is able to measure beam resolution and support-gas
ionization efficiency. Resolution, source efficiency and peak
identification should be performed with ease. With this in mind, we have
designed a new remotely-adjustable slit, a remotoly adjustable beam-
sensing wire and a Faraday cup. All will reside on the remotely-
controlled image-plane carriage. The slit will be adjustable in width
from 0 to 5 mm with a resolution of about ±0.02 mm. The slit angle with
respect to vertical will also be adjustable. The wire, which is used for
beam-resolution measurements, will also be adjustable in tilt. Adjustable
tilt angle allows the transmission of the beam through a slit to be
optimized when the image is extremely narrow but slightly curved or
tilted. The Faraday cup will be rebuilt in order to accommodate better
the three devices on the existing carriage.

3.2.7 Precise Half-life Determination of Superallowed g-Emitters:
Analysis Technique and Limitations

V.T. Koslowsky, E. Hagberg and J.C. Hardy

During a half-life measurement, multi-scaled events from a An gas counter
are recorded in histogramming memory and written onto magnetic tape after
each sample is counted (PR-PHS-P-3: 3.2.4; AECL-9680). The half-life of
the /3 emitter is determined by analyzing thousands of multi-scaled spectra
acquired by repetitively preparing radioactive samples of the nuclide with
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the Chalk River on-line isotope separator (ISOL). Although the
statistical precision in these measurements (-0.02%) is approaching that
achieved for long-lived sources at metrology laboratories (-0.01?) our
task poses interesting and unique difficulties.

In the determination of half-lifes of long-lived radionuclides, only a few
sources need to be prepared and their decay intensity interchangeably
monitored over a period of months or years. The initial source
intensities are low enough to avoid signal processing problems yet high
counting statistics can be achieved by accumulating data over long
counting intervals. The counting conditions match to a high degree the
properties of a Poisson-like ensemble - the source behaves as a large,
non-depleting sample with small probability of decay and observation
vithin one time bin. Thus, the maximum-likelihood analysis is
straightforward and reduces to least-squares with weights equal to the
reciprocal of the fitted variance (see D.C. Robinson, AERE-R5911, 1966).
The final estimate of the half-life is typically a weighted average over
several measurements.

By contrast, for short-lived (t1/2=ls) radionuclei, the choice of low
initial count rates leads to unmanageably long experimental times to
perform a precise measurement, while high initial rates lead to a final
result limited in accuracy by uncertainties in the dead-time corrections.
In addition, the counting conditions no longer stringently satisfy the
Poisson criteria because the sample size is small - often 104 atoms - and
is counted with high efficiency (-95%) until only background is clearly
visible. Thus, the former least-squares approach is no longer a rigorous
treatment of the data. In addition, the best estimate of the half-life
.TII.S? be derived from hundreds or thousands of data sets. Because an exact
treatment is not practical (or perhaps possible) we are evaluating the
bias introduced by analysis simplifications.

Our intention is to analyze our data by first selecting or tagging only
those data sets that contain a minimum of about 200 events and can be
fi ted with an exponential decay plus background; this rejects data
containing noise or only room background. Next, poor quality data sets
are rejected: when the confidence level of the observed y2 is less than
0.1% or when a residual in the decay curve is less probable than 0.01%.
Finally, the half-life is derived by simultaneously fitting all accepted
data sets with one common half-life parameter, with only the initial decay
intensity for every data set being fitted independently. The background
rate is small and known, and is held fixed at a preset value. A least-
square algorithm with weights equal to the reciprocal of the fitted
variance is used. Here the variance deviates from the Poisson variance
because of dead-time losses, and is smaller by a factor of (1+RT) 3, where
R is the count rate and T the electronic dead-time (see J.W. Muller, NIH
JJLZ (1974) 401). The fitted function is the instantaneous decay rate
reduced by the dead-time loss factor (1+Rr) integrated over ^he time bin.
The variance is also an integral over the time bin.

In our earlier measurements of the 26mAl, 34C1 and 38mK half-lives no
attempt was made to analyze all data sets simultaneously. Instead, each



3-21

data set was individually corrected for dead-time losses, summed and then
analyzed. The difficulty posed by this approach is that the weights are
only representative of an average counting rate although the initial
counting rates may vary dramatically from sample to sample. The
systematic bids in our former measurements will be checked, although it is
expected to be less than the statistical uncertainties. The global fit
approach circumvents this shortcoming.

At the moment, computer programs exist for all but the final, global fit.
Program execution is on the CYBER 990E. The AELIB least-squares routine,
MLSQQ, and IMSL'S RNLIN have been compared for speed and reliability.
Both give identical results although RNLIN is a full factor of two slower.
Unlike MLSUQ, where the user supplies a fitting function, RNLIN requires
one to supply an expression for the residuals. Consequently, the weight
can be iucuiuoiated in the residual and dynamically updated without
recourse to several subroutine calls with weighting updates. For reasons
yet to be determined, RNLIN with dynamical weighting does not lead to a
maximum likelihood probability, the difference in the fitted parameters
increasing as the counting statistics become poorer. The least-square
routine, MLMJU, has therefore been selected, for our data anlaysis.

A program to generate random, hypothetical data with dead-time losses has
been written in order to assess the biases incurred by not performing the
global fit; analyzing a finite-size, depleting-sample decay data with a
least-square algorithm; and not integrating the instantaneous rate over a
time bin. These data are not generated by Poisson scattering a smooth
decay curve but instead by histogramming hypothetical time series events
from a finite, depleting source. Most importantly, the data generator
incorporates dead-time losses. As expected, statistical scatter is
observed to diminish with respect to Poisson statistics as the time bins
become large relative to the half-life owing to the fact that fewer atoms
remain to randomly decay at the end of bin. For perfectly responsive
electronics, i.e. no dead-time, this reduction in variance is proportional
to e"Ab (A. Ruark and L. Devol, Phys. Rev. 49 (1936) 355) for a single
decay component with decay constant, X and bin width, b. If the sample
consisted of one pure component and no background, every time bin would
have its weight increased by the same factor with no effect on the half-
life. However, analysis of mixed sources will contain a bias. The
experiments on 50Mn and 42Sc samples prepared by isotopic separation both
included long-lived isomeric components. The initial ratio of short-lived
to long-lived count rates for both isotopes was about 100 to 1. The time
bins were between 0.05 and 0.1 half-lives long. Under these conditions,
the hypothetical data indicate that the bias introduced by not adjusting
the variance is about Q.005%, four times smaller than our statistical
uncertainties. Similarly, the bias introduced by not integrating the
instantaneous decay rate and variance over the time bin is 0.004? for our
highest counting rate of 50 kBq and dead-time of 5 us. The bias
introduced by averaging hundreds of half-lives, each from a small
statistics sample, rather than performing one global fit will be assessed
in the near future.
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3.2.8 1.75 m Chamber and T3 Beam Line

M.G. Steer, D. Horn, G.C. Ball, A. Galindo-Uribarri, E. Hagberg
and C. Pruneau

Commissioning of vacuum system operation on the relocated 1.75 m
scattering chamber (PR-PHS-P-5: 3.2.6; AECL-9758) was completed. A vacuum
of 4 x 10"7 Torr (5 x 10'5 Pascals) was reached in the presence of an
outgassing load from 80 coaxial cables inside the chamber. A realignment
of the beam-line cone set and an adjustment of the target ladder assembly
make it easier to change targets while viewing the target position
indicator. Installation of compressed air, exhaust lines, electrical
(120 V) outlets, and powered cryogenic pumps is complete.

The on-site machine shops have fabricated the cylindrical forward chamber
extension (see the above reference) and associated flanges and adapters.
Delivery awaits leak checking by the shops.

The final section of the T3 beam line is being assembled. Two four-inch
Dependex crosses, located just before the chamber, provide locations for
the Toronto beam-flux detector and for a Faraday cup, pumping port and
vacuum-gauge assembly. The motorized slit system in front of the chamber
has not ye': been installed; instead, the beam line was leak checked with a
manually operated set of slits placed on the alignment cones.

3.2.9 A Phoswich Array for Reaction Studies with TASCC Beams

D. Horn, G.C. Ball, P. Dmytrenko, E. Hagberg, C. Pruneau,
M.G. Steer, R.B. Walker and T.G. Whan with H. Spenceley (NSSP
Branch), B. Armstrong and J. Morralee (Mech. Design Branch), L.
Potvin, C. Rioux, R. Roy and C. St-Pierre (Universite Laval) and
T.E. Drake and A. Galindo-Uribarri (University of Toronto)

A small phoswich array for use with near-term TASCC beams is being
constructed. The concept and preliminary developmental work have been
discussed earlier (PR-PHS-P-5: 3.2.6; AECL-9758 and refs. therein).
Progress for this reporting period includes beam tests of a heat-pressed
phoswich, tests of photomultiplier tubes and development of remote tube
bases, mechanical design of detector mounts, and start of production of
detectors and light guides.

a. Beam Tests of a Heat-Pressed Phoswich

The energy resolution and position sensitivity of a prototype outer-ring
phoswich were tested with 22 MeV protons from the MP tandem. The standard
deviation of the pulse height centroids measured at ten different
positions was a=2>.7%, compared with 3% in earlier (PR-PHS-P-5: 3.2.7;
AECL-9758) bench tests with low-energy alpha particles that only entered
the AE layer. Folded with the energy width of the peaks, this gives an
overall resolution «SE/E = 10% (FWHM). More importantly, another test, in
which target deuterons were scattered forward by a 100 MeV beam of 160
ions, showed that the detector gave clear proton-deuteron separation with
its entire solid angle exposed. This provided the confirmation that a
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0.7 mm thickness of BC-408 had adequate AE light output for our purposes,
allowing us to proceed with mass production of the detectors.

b. Tests of Photomultiplier Tubes and Development of Remote Tube Bases

Based on comparisons of the phototube performance requirements with
manufacturers specifications, one "2-inch" type tube and two "1-1/2 inch"
type tubes were selected for tests of linearity and dynamic range. These
tests required that a suitable voltage divider first be developed. While
active, transistorized bases would reduce the divider-chain current and
attendant heating, which is important in vacuum applications, the
simplicity of a passive resistor chain vas considered desirable. This
left the option of cooling or of mounting the dissipative part of the
chain on a remote heat sink. The latter option was eventually adopted and
both potted and DIP (integrated) resistor networks were tested. The
decoupling capacitors and anode resistors were mounted directly on the PMT
socket. The voltage and anode connections were made by means of ribbon
cable with conductors next to the anode wire serving as a ground plane.
Best results were obtained with the voltage distribution ratios suggested
by the manufacturers and reasonably high resistor values to minimize
heating, coupled with use of Zener diodes in the last two stages to avoid
voltage depletion of the dynodes at high rate.

Tests of the Phillips XP2252, 2" and Hamamatsu R580 1-1/2" tubes with a
light pulser at rates from 1 kHz to 20 kHz showed good linearity in the
region of signal amplitude applicable to phoswich detectors and very high
saturation levels. For the EMI 9902, 1-1/2" tube, however, the linear
dynamic range was much smaller and saturation set in for smaller pulses.
Changing the voltage distribution and adding another stage of Zener diodes
did not cure the problem. Another EMI 9902 tube was tested to see if the
first tube was simply defective, but the results were similar. We
concluded that the tube was inappropriate for large-amplitude signals, and
selected the Philips and Hamamatsu tubes for our outer and inner rings of
phoswiches, respectively.

c. Mechanical Design of Detector Mounts

Design of the mounting and alignment structure for the array is in
progress by Mechanical Design Branch personnel. A sheath of stainless
steel sheet less than 0.5 mm thick will encase the tapering sides of each
detector and will attach to a rigid trapezoidal collar behind the
detector. Sixteen large collars and sixteen small collars will interlock
to form two concentric annuli which in turn fit into a large metal ring
that can be mounted in the 1.75 m scattering chamber or the new
cylindrical chamber extension.

d. Production of Phoswich Detectors

Phosvich production is now in progress and several groups are involved in
the process. Blocks of BC-444 are cut and faced off, and sheets of BC-408
AE material are machined to 0.7 mm thickness. The heat press lamination
of the two is performed in the Nuclear Physics Branch target laboratory,
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after which edges are trimmed and the heat-pressed blanks are sent to
Univcrsite Laval for machining. A first level of quality control i.s
applied to the detectors Dy examining the machined edges for AE thickness
variations that may have resulted from the heat pressing process. Six
outer-ring detectors have been completed and returned to CRNL, four are at
Laval for machining, and six more blocks have been laminated. Production
of blanks for the inner ring of 26 smaller detectors has begun, and light
guides for all 32 detectors have been machined and polished at Laval. The
first "production" outer-ring detector with an Phillips XP2252 tube and
resistor/Zener base has been tested with an alpha-particle source vith
satisfactory results. More stringent tests of the type described in
section (a) are planned vith a tandem beam early in the new year.

3.2.10 Miniature Array of Particle Detectors

A. Galindo-Uribarri, T.K. Drake and G. Zvartz (University of
Toronto) vith T.K. Alexander, G.C. Ball, N.C. Bray and
J.S. Forster and S. Pilotte (Universite de Montreal)

Ue have made a feasibility study of the construction of a modular
miniature array of CsI(Tl) crystals coupled to photodiodes vith large
solid angle coverage to operate as an inner ball inside the STT
spectrometer. Its use with the Sn vill allow, for example, the
simultaneous measurement of charged particles emitted prior to the gamma
decay of high-spin states populated at high excitation energy vith licavy-
ion nuclear reactions. A technical report detailing the physics case,
design considerations and tests of prototypes is in progress.

The space restrictions inside the 871 BGO ball and the requirements to
minimize the attenuation of gamma rays prohibit the use of even t'-<e
smallest photomultipliers. The combination of CsI(Tl) coupled to large
area photodiodes provides a thin compact detector with several other
advantages: low bias voltage requirements, low cost, simplicity, good
response and linearity making these detector units ideal for our
application.

Ue have studied the response of CsI(Tl) scintillators to charged particles
and gamma rays over a vide range of mass and energy. Four methods of
particle identification have been explored: a) pulse shape discrimination
vith electronic gates on CsI(Tl) output pulses, b) pulse-shape
discrimination by timing differences, c) a plastic-CsI phoswich, and
d) AE-E with a Si-CsI(Tl) telescope. Option (b) proved best. Different
electronic setups were tried to obtain the best conditions in terms of
response, compatibility with the 8TT acquisition system and cost. At
present, we are reviewing different miniaturized electronic modules
commercially available. Cost estimates for these modules, the photodiod
and scintillators are being obtained.

Ue have measured proton and alpha evaporation spectra with the same
reaction as a previous 87T run - 135 MeV 3CSi on 60Ni leading to nuclei
around mass 90 (section 3.1.7). This provided valuable information about
the response of the prototype detectors under realistic conditions. The
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results were compared and are in reasonable agreement with a Monte Carlo
simulation from the program PACE (supplied by J. Beene, Oak Ridge).

We also used a 15 MeV proton beam to produce the reactions 197Au(p,p) and
12C(P»P) f°r calibration and linearity measurements.

Ve have measured the pulse-shape differences among alphas, protons and
gammas at energies above 2.5 MeV (alpha energy). The energy resolution
for 5.5 MeV alphas was 5%. The energy resolution obtained for protons at
15 Mev was 1.3%. Because the particle identification is obtained by the
pulse-shape differences between different particles and does not depend on
the thickness of a AE detector, there are no detrimental effects due to
the spread in incident angles. Thus, large solid angle can be covered and
the detectors can be operated at different distances from the target.

An array of detectors will mount inside an 11 cm radius plastic scattering
chamber which will consist of two hemispherical shells 3 mm thick. Design
of this chamber as well as the array support is in progress and will be
compatible with the present target-chamber support in the Sn spectrometer.

Initially, we will build a 15-element array covering more than 1/3 of 4n.
Each detector will consist of a 2 cm x 2 cm x 0.5 cm thick CsI(Tl) crystal
coupled to a 2 cm x 2 cm photodiode with risetime of 25 nsec. A thickness
of 0.5 cm of CsI(Tl) corresponds to the mean range of 35 MeV protons.

3.2.11 Commissioning the Recoil Distance Apparatus in the 8n Spectrometer

D.C. Radford, D. Ward, H.R. Andrews, D. Horn and V. Janzen with
S. Pilotte (Universite de Montreal), A. Galindo-Uribarri
(University of Toronto) and J.K. Johansson (McMaster University)

The recently completed computer-controlled recoil-distance apparatus was
commissioned in an experiment with the 87t spectrometer. A beam of 36S at
140 MeV was incident on a stretched self-supporting foil of 94Zr
(~1 mg cm"2). The stopper was a stretched gold foil (-10 mg cm'2). The
reaction 94Zr(36S,4n)126Ba populated high-spin states in 126Ba.

In phase I of the experiment, the usual data stream from the 8K
spectrometer was modified so that singles HPGe data were transmitted
directly to histogramming memory. The ±79° detectors did not participate
and spectra with hardware-selected triggers on H and K from the ±37°
detectors were sorted separately into +37° and -37° histograms.

Data were accumulated at the rate of one plunger setting per hour with a
beam current of between 2 and 3 pna. The apparatus functioned as
designed. In particular, the automatic capacitance calibration procedure
proved extremely valuable. The stability and reproducibility were also
checked and found to be excellent. The data set should yield lifetime
determinations in the yrast sequence up to about spin 16.

In phase II of the experiment, the recoil gap was set to 9 /zm which was
considered the closest that could be maintained without danger of
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touching. The 87r spectrometer data-flow was returned to its normal
configuration and HPGe coincidences were recorded on tape at the rate of
approximately 3000 s"1. A total of 100 M events were recorded.

Analysis of this data indicates that it should be feasible to measure
recoil distance decay curves for states of spin -16 to 20 by gating on
higher discrete lines, although this vill require approximately 2 shifts
of running per recoil-distance setting. It is interesting that for the
recoil-distance setting of this trial run, which corresponds to a delay
time of approximately 1.5 ps, there is no evidence for a stopped component
in the 20-»18 transition when gated on the 26-»24 transition. Since the
intervening transitions comprise the second backbend in 12CBa, this result
indicates considerable collectivity in passing through this backbend.

3.2.12 Techniques to Locate Superdeformed Rotational Bands

J.K. Johansson, J.A. Kuehner and J.C. Waddington (McMaster
University) with 8x collaboration

During the past two years, discrete line superdeformed (SD) bands built on
intrinsic nuclear states with a 2:1 ratio of principal axes have been
found in eight nuclei near mass 150. The interest in these unusual
nuclear states has prompted this present effort to develop techniques to
locate the SD band transitions in the presence of much stronger
transi tions.

The decay in these bands typically involves a long cascade of up to nearly
20 E2 transitions with a very regular energy spacing. Although the
intensity is relatively constant through much of this cascade, it only
amounts to between 0.3% and 2% of the total channel cross-section. This
weak intensity has made it very difficult to locate SD baHs since the
transitions are generally masked by much stronger lines. The first case,
152Dy, was discovered (P.J. Twin et al., Phys. Rev. Lett. 57 (1986) 811;
M.A. Hartley et al., Phys. Rev. Lett. 59 (1987) 2141) by accident during
routine analysis of the decay scheme. The second example of a
superdeformed band vas located in 149Gd (B. Haas et al. Phys. Rev. Lett.
60 (1988) 503). In this case, the band was found by setting gates every
5 keV from 900 to 1100 keV. The resulting spectra were then examined for
the presence of a regular band. Once weak evidence of a band was
obtained, many more gates were made and appropriate ones were summed
together to produce the final spectrum. Although these methods were
successful, more sensitive techniques are needed to study cases where the
already weak intensity of SD states is split amongst several bands.

The regular energy spacings of the SD bands have been exploited in a
prograiu written for a PC computer. The data are sorted into a
conventional gamma-gamma coincidence matrix and the background subtracted
on a VAX computer. A compressed version of this matrix is then down-
loaded to the PC for further interactive analysis. A portion of the
matrix is displayed on the PC screen.

If a gamma ray of energy E were part of a superdeformed band, then it will
be a coincidence with other gamma rays of energy ...E-2d, E-d, E+d,
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E+2d... where d is the energy spacing, which is virtually constant. When
viewed in a 2-dimensional matrix, the coincidence peaks associated with
superdeformation form a very regular grid-pattern. Unfortunately,
individual peaks are too weak to be noticed in the presence of stronger
peaks and background fluctuations. The program offers the user a number
of methods to enhance the grid-pattern. Probably the most useful of these
is a correlation technique. The operator can choose a spacing, d. The
data are then correlated with a grid-pattern with a spacing d and the
resulting matrix is displayed. The contents of this matrix are then
examined for the presence of a regular band with a spacing of d.

Although this program is still in a developmental stage, it has been used
to study the data obtained in 153Dy described in section 3.1.12 of this
report. In addition to the main SD cascade, a number of shorter regular
cascades have been located which are also probably associated with large
deformation bands.

3.2.13 Calibration of the Low Energy Particle Analyzer (LEPA)

D. Anglin and M. Bercovitch (National Research Council, Ottawa)
with T.K. Alexander and J.S. Forster and A. Galindo-Uribarri
(University of Toronto)

The Canadian-designed Low Energy Particle Analyzer (LEPA), consisting of
three silicon surface-barrier detectors, will provide data on the identity
of elements and isotopes accelerated to MeV energies by solar flares. The
device is scheduled to be launched, probably in 1989, on a polar orbiting
meteorological satellite.

To calibrate the response of the LEPA detector, beams of 12C, 19F and 34S
from the TASCC tandem accelerator were used. Low intensity beams of 12C
and 34S were allowed to impinge directly onto the LEPA detector, which
gave a good measure of the energy resolution and the magnitude of energy
straggling present in the instrument. Beams of 12C, elastically scattered
from a thin Au target, were also used to illuminate fully the first
detector (of three) in the LEPA. These runs showed that there was more
internal scattering than expected and the internal collimator has since
been redesigned to minimize this effect.

A run was also made with a 19F beam on a Ni target which produced reaction
products from He to Ne and showed that the instrument was capable of
resolving all nuclei from Z=2 to Z=10.

A further experiment is planned as a final check of the instrument.
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3.2.14 Progress in Accelerator Mass Spectroscopy

H.R. Andrews, G.C. Ball, W.G. Davies and V.T. Koslowsky with
B.F. Greiner, Y. Imahori and H. Lindqvist (TASCC Accelerators and
Development Branch), R.M. Brown, R.J.J. Cornett and G.M. Milton
(Environmental Research Branch), J.C.D. Milton (Physics and Health
Sciences) and K.V. Allen (Oxford University)

The overall system is not yet operational but substantial progress has
been made on several fronts. These are summarized below.

a) Ion Source

Time was scheduled for testing the UNIS source, which will be dedicated to
AMS. During this period, the various system variables were commissioned
including that for cone positioning, but successful operation of the
source was prevented by the failure of the ionizer heater supply. It is
under repair and will be ready for testing early in the new year.

b) Injector Magnet Field Control

A method has been devised for implementing field control of the injector
magnets by two high quality Hall probes. The system is presently
undergoing development and testing and should be ready by early in the
next quarter (see also section 3.2.16).

c) Bragg-Curve Detector

A Bragg-curve detector was designed and constructed, tested vith alpha
particles, and used in an attempt to detect 36C1. In an effort to combine
Bragg peak spectroscopy and residual energy measurements, the detector was
deliberately made with a dead gas space ahead of the active region. This
was not successful because an insufficient fraction of the range was
detected to define the Bragg peak properly, which should be independent of
A (e.g. 35, 36, 37) for a given Z (e.g. 17). Our efforts were also
frustrated by an overwhelming background of 36S arising from ion source
contamination associated with the frequent use of separated 34S, which is
about 100-fold enriched in 36S. The detector is being lengthened by about
8 cm to occupy the total gas volume and it will be tried again in the new
year. The UNIS source will be used for this test and should provide beams
that are free of 36S contamination.

3.2.15 Equilibrium Charge-State Distribution Measurements For Heavy Ions
in Carbon

G.C. Ball, T.K. Alexander, H.R. Andrews, W.G. Davies and
J.S. Forster

Equilibrium charge-state distributions have been measured for 30-90 MeV
107Agand 127I ions transmitted through thin (10-30 ug/cm2) carbon foils.
The measurements were carried out vith a three-position target ladder
located in the bypass beam line just in front of the slits SLBl-lg. The
dipole BE1 was used to analyze the resulting charge-state distributions.
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The relative intensity of each charge state was determined from the ratio
of the integrated beam current observed at the Faraday Cup 1-lp (after
BE1) to that at Cup 1-lg (before BE1).

The results obtained for 127I ions are in good agreement with previous
data. No previous data exist for 107Ag. However, the values deduced for
the mean charge for both 107Ag and 127I were found to deviate substantially
(from 1 to 3 charge states) from those predicted by semi-empirical
formulae (K. Shima et al., Atomic Data and Nuclear Data Tables 34 (1986)
357 and references contained therein). A highly asymmetric charge-state
distribution was observed for 30 MeV 107Ag which we attribute to a shell
effect at 107Ag19+, in which the N shell is emptied and M-shell electron
removal is required to form 107Ag20+.

The present results will be used to select the optimum charge state
combinations for future Ag and I cyclotron beams.

3.2.16 Data Acquisition Hardware Development

F.J. Sharp

A CAMAC Auxiliary Crate Controller module has been developed for
independent dedicated CAMAC control tasks. The complete unit occupies one
CAMAC module location and contains the necessary hardware to support an
INTEL (RAM) 8052 microprocessor with 8 k of random access memory and 8 k
of programmable read-only memory (ROM). It has an on-board ROM
programmer, a 24-bit I/O port and terminal and modem ports. It is fully
compatible with the CAMAC Dataway and all other CAMAC modules located in
the CAMAC crate.

Three of these units have been built and will be used to control the high
energy buncher system and the TASCC ion-source inflection and Y magnets.

3.2.17 Data Acquisition

G.C. Ball, E. Hagberg, J.S. Forster, D.C. Radford, F.J. Sharp and
L.B. Bucholtz with R. Roiha and M. Thompson (Mathematics and
Computation Branch)

Since TASCC resumed operation in July, the data-acquisition system has
been heavily utilized for both on-line acquisition and off-line analysis.
As a result, system development and routine maintenance have been severely
hampered because the time available for such tasks is very limited. In
many cases, hardware maintenance is only done on an emergency basis.

Following a request from the Cyclotron group in August, a temporary system
was developed in approximately 2 weeks to read out, store, display and
analyze data from the radial probes on the Concurrent 3230. Software
assistance was also provided to facilitate the conversion of TASCC optic
codes to NOS/VE.

A second Tektronix 4207 terminal was purchased and installed and the
existing terminal was upgraded to include an additional 1 MB memory board
and a mouse. Usage of these terminals has continued to increase, in part
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because of the conversion of GELIFT to run on the 4207 and the display of
3D projections of 7 :-72 matrices generated vith the CDC990.

Software has been wr i t t en to read event data obtained in ou ts ide
experiments c a r r i e d out at Queen 's , McMaster and Michigan S t a t e
universi t i e s .

3.2.18 Future Data-Acquisition/Analysis Computing Facility

G.C. Ball, E. Hagberg, J.S. Forster, D.C. Radford and F.J. Sharp
vith R. Roiha (Mathematics and Computation Branch) and
J.C. Waddington (McMaster University)

Updated quotations have been obtained and the draft version of an RFA for
the TASCC Phase II Experimental Computing Facility is being revised for
submission in early 1989. It is planned to purchase the computer system
over two fiscal years beginning in 1989/90.

3.2.19 TASCC Electronics Development

J.P.D. O'Dacre and B.V. Luloff with S.G. Whittle and G. Backmeier
(TASCC Accelerators and Development Branch)

An experimental addition to the Tandem Accelerator diagnostic system (see
PR-PHS-P-4: 3.2.1; AECL-9680) has proven sufficiently encouraging to
proceed with a full-scale installation. This consisted of a capacitive
pick-off disk mounted on the end of a column shorting-rod and insulated
from ground. The charge-sensitivn amplifier connected to this pick-off
produces signature waveforms which are a significant addition to the
diagnostic waveforms of the original system. Mechanical mounting and
shielding boxes for installations opposite each column dead-section (total
6) are now being built.

A capacitive pick-off charge-sensitive amplifier combination has been
installed on the inner-wall of the ion-injector cage for monitoring ripple
voltage on the injection power supply.

A repair records database has been instituted in the TASCC complex. The
records, normally kept in the paper files for permanent storage, are also
entered in the data base program for rapid search and statistical
analysis. It is felt that such convenient analysis of the base will help
identify equipment shortcomings and lead to higher reliability as these
faults are corrected.

The cyclotron mid-plane vacuum controller has been redesigned and rebuilt.
The new controller protects both the mid-plane vacuum and pumping
equipment against all known failure conditions. The controller is
completely automatic for start-ups as well as power failure and recovery
from power failure. These features save the operating staff considerable
time.
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3.2.20 Target Laboratory

D. Phillips, P. Dmytrenko and H.R. Andrews

The target laboratory has produced various experimental targets for the
Nuclear Physics Branch and carbon stripper foils for both the tandem
accelerator and the superconducting cyclotron. Targets have also been
produced for comme'-'.ial sales and for other branches at C.R.N.L.

a. Preparation of Materials for Nuclear Physics Branch

The following films were produced for the Nuclear Physics Branch: 10B,
24Mg, 60Ni, 92Mo, 94Zr, 110Pd, 126Te, 130Te, 144Sm, 150Sm, and natural
NaF on C. Heatpressed phoswich detectors were produced for the particle
group. Rolled zirconium, zircaloy and Zr-2.5 wt% Nb foils were produced
for collaborative liquid/solid studies at Queen's University.

b. Preparation of Materials for Other Branches

Carbon films were evaporated on ceramic plates for the Chemical
Engineering Branch.

c. Other Developments

The search for a sputter source that can be incorporated into the present
evaporation systems in the target lab is continuing. A saddle field ion
source has been looked into. Portability and relatively low cost are two
of the positive aspects of this system. On the negative side, this system
has an extremely low output rate compared to normal resistive-heating and
electron-gun evaporation. Further investigations of sputter systems used
by other target laboratories will be carried out.

Preliminary investigations into producing thin uniform targets by
electroplating have continued. Self-supporting films of natural copper
(10 mg/cm2) and iron (1.5 mg/cm2) have been produced. However, the
success rates are low and further effort is needed to improve the
reliability of the methods. Attempts to produce self-supporting films of
natural cadmium have so far failed.

3.2.21 SCC Mid-Plane Reference Measurement Platform

N.C. Bray with H. Schmeing (TASCC Accelerators and Development
Branch)

A device has been constructed to enable us to determine the position of
any component in the cyclotron's mid-plane section with high precision.
It consists of an aluminum box section, equipped with a 130 cm-long dual-
shaft linear bearing with attached turntable, and a -120 cm linear encoder
spar. This unit is supported at its ends by four small ball bearings that
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ride on a narrow machined shoulder in the cryostat liner. Four larger
ball bearings keep the device centered in the cavity. This support system
provides complete 360° rotation, allowing the turntable to be positioned
under any component in the mid-plane. Rapid set-up and take-down without
loss of the reference plane are other features of the design. This unit
has been installed and tested for suitability and function. Design work
is currently underway to provide angle of rotation readout capability.
Our design goal is to measure the position of components to 0.1 mm
accuracy.

3.2.22 Cyclotron Probes

R.E. Howard

The portion of the LSI-11/23 software for the Tektronics scope display
system was modified to plot in vector mode instead of point plot. This
provided a brighter display and a darker, easier-to-read printout.

The LSI-11/23 program was almost filling the memory with all diagnostics
disabled. This made troubleshooting very difficult. To ease this
problem, the program was broken into two overlays. The first overlay
initializes the system and the second is the main program. There is now a
small amount of memory available for diagnostics.

A second KS-3340 RS-232 module was added to the system to allow
transmission of the probe scans to another computer for analysis. These
scans are presently being analyzed on the Concurrent 3230. The scans are
still available to the 11/44 control room computer through the mailbox
memory.

Scraper bars were added ahead of the stub probe in the cyclotron to
measure the vertical position of the beam. The outputs of the bars are
permanently connected to two meters in the control room.

Electronics was built and installed to operate the new extraction probe.
The probe program in the LSI-11/23 was modified to work with the new
probe.

Tests were conducted to establish that the probe electronics and software
are correctly handling the acquired data. Anomalies in the data are being
caused by factors outside the probe-control system.

3.2.23 The Diagnostic Probe for the Superconducting Cyclotron Extraction
Channel

N. Bray, W.G. Davies, R.E. Howard, B.V. Luloff and A.R. Sprake
with B.F. Greiner and H. Schmeing (TASCC Accelerators and
Development Branch)

The diagnostic probe developed for use in the extraction channel of the
cyclotron has been inrtalled and extensively tested. Unfortunately,
before in-beam commissioning could begin, the drive band fractured. This
was apparently caused by a kink forming in the band, possibly at a point
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of previous damage. (The 2.5-m-long band had been handled extensively
during the commissioning process.) A new band, slightly modified in order
to increase its strength, is being manufactured and will be installed
shortly. Minor modifications have also been made to the drive mechanism
to reduce the risk of kinking in the future.

During the commissioning process, problems were encountered with blobs of
solder in the extraction channel of the cyclotron. Special tools were
developed to remove these blobs, no mean feat in a 2.5-m-long curved
channel with minimum dimensions 6 x 13 mm!

All vacuum and drive-system controls and interlocks are complete and
tested. The software modifications to the general cyclotron probe
program, vhich will also be used for control and readout of the extraction
probe, are complete. The probe will be put into operation as soon as the
new drive band is installed, and commissioning will be completed
concurrently with first operation.

3.2.24 An Investigation of Factors that can Cause an Energy Modulation of
the Beam in the Superconducting Cyclotron

W.G. Davies

It has been known for some time that the beam being extracted from the
superconducting cyclotron is modulated in energy. Recent measurements
indicated that this modulation is quite severe and can account for a
significant part of the beam loss at extraction (probably 50%). The
possible sources of this modulation and quantitative estimates of
consequences of the different sources of the modulation have been
investigated.

Based on a simple model, an expression has been derived which gives the
radial profile of the accelerated beam-bunch at extraction radius. The
factors taken into account are the initial beam width (i.e. that at the
stripper foil), the energy spread in the stripped beam, and time-dependent
perturbations in the amplitude of the RF D voltage and in its phase
relative to bunched-beam arrival time at the stripper foil. The model
assumes single sinusoidal components to these modulations. The resulting
expression has been used to evaluate how instabilities in the RF drive
system and in the injection/bunching system would affect the profile at
extraction radius.

Application of the model to data from a recent cyclotron beam-development
run leads to the conclusion that RF voltage amplitude modulation is the
factor which currently dominates in determining the radial extent of the
beam-bunch envelope at extraction radius.

The model and this application of it are documented in SCC Series II Note
#34.
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3.2.25 Program PATTURN for TASCC Turn-Pattern Analysis

D.C. Radford

A program named PATTURN has been written to operate on the Nuclear Physics
Concurrent 3230 computer for interactive, fast analysis of cyclotron turn
patterns. These turn patterns are stored as files on the 3230 disks by
the program PROBE (see section 3.2.17). PATTURN is able to read, display
and analyze 5-bar sum, 5-bar differential and integral scans.

The cyclotron has two different radial diagnostic probes. PATTURN stores
data from each of them separately, and displays both on the graphics
screen simultaneously. A fast peak search routine is able to extract
raial positions, widths and intensities for resolvable turns from the
injection to the extraction radii. For turns that are not found by the
peak search because of drop-out or other problems, the user may mark the
position of the turn vith the graphics cursor.

A wide variety of information may be extracted from the data and displayed
on the screen. In addition to the turn pattern itself, this includes
radial turn separations (Ar and rAr), radial differences for the same turn
between probes 1 and 2, turn intensities and widths, and vertical beam
centroids. Where appropriate, the user is given the option of displaying
the data as a function of radius or turn number. The program also
supports both command-driven and menu-driven modes, and can be made to run
on any Tektronix-compatible graphics terminal.

3.2.26 High Energy Buncher

E.P. Stock (TASCC Accelerators and Development Branch) with
F.J. Sharp

See PR-PHS-P-6: 4.2.3; AECL-9859.

3.3 PHASE II

3.3.1 TASCC Phase II

J.S. Forster and J.C. Hardy with K.K. Wittann (Project Management
Branch)

The B subphase of the TASCC II project, which will provide beam to the
last five (of nine) target locations, has progressed well. All dipoles
and quadrupoles have been installed and precisely aligned. Construction
of beam-line sections (vacuum sections, diagnostics, etc.) has continued
with much of the hardware installed. In particular, the line between BE4
(end of subphase A) and BE7 is being commissioned.

The construction has continued concurrently vith nuclear physics
experiments and cyclotron beam development. At present, we are projecting
completion of subphase B three months ahead of schedule.
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3.3.2 Beam Transport System Magnets and Power Supplies

W.G. Davies, R.L. Brown and B.V. Luloff

Final commissioning of the TASCC Phase II beam-transport system for target
locations T2 through T4 is complete (see PR-PHS-P-5: 3.3.2; AECL-9758).
Beam tests to these locations indicated that some of the precision
aperture systems were misaligned. This was found to be indeed the case,
and the misaligned slit sets have been realigned. No other faults have
been discovered in the system and beams are now routinely transported to
these target locations.

The precision alignment of all magnetic dipole and quadrupole elements to
the remaining target locations (T5 - T9) is complete. All quadrupole
power supplies except two that are required to reach target locations T5 -
T9 are fully commissioned and have passed their stability tests. All
known software and hardware problems with the switchgear have been solved
and final testing of the switchgear will be done as soon as the
degaussing-unit probes are installed in the dipoles. This final
commissioning of the switchgear is mainly to verify that the global status
bit is being correctly generated when the subphase-B target locations are
selected.

3.3.3 Beam Line and Installation

J.J. Hill, P.J. Jones and V.T. Koslowsky

Installation of 6 vacuum sections was completed in late June of last year
(see PR-PHS-P-5: 3.3.1; AECL-9758). These sections deliver beam to three
target locations: ISOL (T2), the large scattering chamber (T3) and the 871
spectrometer (TA). In this reporting period, vacuum section lr, leading
to a general irradiation location, Tl, has been completed and work has
begun towards extending the beam line towards the five remaining target
locations. All hardware and electronics required for this task has been
received. Beam lines adjacent to T5 and T6 have been re-designed to suit
the future users of these target locations. T5 will be a re-vamped
angular-correlation table; T6 is the location of our Ortec scattering
chamber. Lastly, components required to assemble the vacuum section
adjacent to the new ion injector have been ordered.

3.3.4 Concrete Shielding Doors

E. Hagberg

The movable shielding door in room 108 is now operating. The door travel
has been determined and the seismic interlocks have been lined up and
installed. The control system has been wired up and tested. A light-beam
sensor system has been installed on the "blind-side" approach to each
movable door. This additional safety system will automatically stop the
door movement if somebody breaks the light-beam by approaching the moving
door.

The shielding for the TASCC II facility is now essentially complete.
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3.3.5 TASCC II Safety and Licensing

D.C. Radford and G.C. Ball with M.J. Shea (Civ. Elec. & Instr.
Design Branch), R. Roiha (Mathematics and Computation Branch) and
S.G. Whittle and G. Backmeier (TASCC Accelerators and Development
Branch)

The updated version of the Safety Interlock. System (SIS) has been
operating satisfactorily since July 1988. The maintenance routines
required to test all the associated hardware have been written and the new
software has been fully tested. The monitoring for violations from the
oxygen monitors has also been installed. An operating manual has been
written and it is presently in use by all involved with the SIS operation.
Corrections to Subphase-A hardware have continued during this period along
with the installation and correction of Subphase-B hardware. The only
outstanding items at the time of this report are several faraday-cup
interlocks, one large perimeter-door interlock, and the updated facility-
layout displays. Design work for the displays has been completed and
construction is underway, with the installation to begin in 1989 March.

One ongoing task with the SIS is the testing of the different perimeter
setups. The commonly used setups have been tested, and time will be
scheduled to test the rest of the setups before they are required.

The latest requirement of the A.E.C.B. for the SIS is a major re-write of
the software for the handling of perimeter-door violations. The
modifications to the software are presently being examined and their
installation should be complete early in 1989.

3.3.6 Computer Control System

B.F. Greiner (TASCC Accelerators and Development Branch) with
W.F. Slater, R.B. Walker and T.G. Whan

See PR-PHS-P-6: 4.5; AECL-9859.

3.4 PUBLICATIONS, DOCUMENTS AND TALKS

Publications and Reports

DECAY OF 140Gd TO STATES IN N=77 140Eu

R. Turcotte, H. Dautet, S.K. Mark, E. Hagberg, V.T. Koslowsky, J.C. Hardy
and H. Schmeing
Zeitschrift fur Physik A - Atoms and Nuclei 33_1 (1988) 109.

FEEDING OF DISCRETE-LINE SUPERDEFORMED BANDS AT VERY HIGH SPIN
P. Taras, S. Flibotte, J. Gascon, B. Haas, S. Pilotte, D.C. Radford,
D. Ward, H.R. Andrews, G.C. Ball, F. Banville, S. Cournoyer, D. Horn,
J.K. Johansson, S. Monaro, N. Nadon, D. Prevost, C. Pruneau, D. Thibault,
D.M. Tucker and J.C. Waddington
Physical Review Letters 61 (1988) 1348
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TIME-TO-CHARGE CONVERTERS FOR FAST ENCODING AND READOUT ADCs
J.-P. Martin, M. Beaulieu, P. Taras, F. Banville, J. Gascon, D. Ward,
D.C. Radford and H.R. Andrews
Nucl. Instr. and Meth. A27O (1983) 101

SEARCH FOR SUPERDEFORMED STATES IN THE CONTINUUM OF 149Gd
P. Taras, .s. Flibotte, B. Haas, D.C. Radford, H.R. Andrews, F. Banville,
J. Gascon, J.K. Johansson, S. Pilotte, J.C. Waddington and D. Ward
Contribution to "Third Inter. Conference on Nucleus-Nucleus Collisions"
Saint-Malo, France, 1988 June 6-11

ESTIMATES OF PARAMETERS THAT CAN CAUSE ENERGY MODULATION IN THE SCC
W.G. Davies
SCC Notes #34, Series 2

STATISTICAL MODEL OF SUBTHRESHOLD PION PRODUCTION
L. Potvin, R. Roy, C. St-Pierre and D. Horn
Physical Review C 38 (1988) 2964

BETA-DELAYED PROTON AND ALPHA EMISSION
J.C. Hardy and E. Hagberg
in Particle Emission from Nuclei, Vol. Ill, eds. D.N. Poenary and
M.S. Ivascu
CRC Press, Boca Raton, 1988, p. 99.

Lectures

BACKSCATTERING STUDIES OF LIQUID/SOLID INTERFACES
J.S. Forster
Invi ted paper presented at the Gordon Conference on Pa r t i c l e /So l id
In t e r ac t i ons , Holderness School, Plymouth, New Hamsphire, U.S.A., 1988
July 11-15.

CENTRAL ISSUES IN ENERGY PLANNING
H.R. Andrews (with M. Harvey)
A brief presented to the Ontario's Select Committee on Energy on behalf of
SAPE (the Society of AECL Professional Employees), 1988 September 27.

SUPERDEFORMATION IN MASS-150 NUCLEI
D. Ward
Presented at the APS Fall Meeting, Santa Fe, 1988 October 12-16.

THE DESIGN OF ION-OPTICAL SYSTEMS FOR MEDICAL AND INDUSTRIAL IRRADIATIONS
W.G. Davies
Invited Paper at the 10th Conference on the Application of Accelerators in
Research and Industry, University of North Texas, Denton, Texas, 1988
October 11.

ELEMENTS OF OPTICAL DESIGN
W.G. Davies
Two lectures given to Scanditronix Staff, Sweden, 1988 October 10 and 11.
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PHYSICS AT TASCC
D.C. Radford
Presented to the Department of Physics, Auckland University, Auckland, New
Zealand, 1988 December 16.

Conference Abstracts and Submissions

SUPERDEFORMED BAND IN 149Gd
S. Flibotte, F. Banville, J. Gascon, B. Haas, S. Pilotte, P. Taras,
J.K. Johansson, J.C. Waddington, H.R. Andrevs, D.C. Radford and D. Vard
Conference abstract submitted to 1988 Joint CAP/APS Congress, Universite
de Montreal, Montreal, Quebec, 1988 June 20-22.

EXTRACTION DE RAPPORTS DE MELANGE A PARTIR DE DISTRIBUTIONS ANGULAIRES PAR
RAPPORT A L'AXE DU SPIN NUCLEAIRE
F. Banville, J. Gascon, P. Taras, H.R. Andrews, D.C. Radford, D. Ward and
J.C. Waddington
Conference abstract submitted to 1988 Joint CAP/APS Congress, Universite
de Montreal, Montreal, Quebec, 1988 June 20-22.

DETAIL LEVEL SCHEME STUDIES OF 126Ba
D. Ward and S. Pilotte for 8TT Collaboration
Submitted to the TASCC Workshop '88, Chalk River Nuclear Laboratories,
Chalk River, Ontario, 1988 August 15-18.

STATISTICAL MODEL OF FRAGMENTATION IN HEAVY-ION REACTIONS AT INTERMEDIATE
ENERGIES
L. Potvin, S. Houde and C. Pruneau
Submitted to the TASCC Workshop '88, Chalk River Nuclear Laboratories,
Chalk River, Ontario, 1988 August 15-18.

J t 0 SUPERDEFORMED BETA DECAYS
I.S. Towner, E. Hagberg, J.C. Hardy, E.T.H. Clifford, V.T. Koslovsky and
H. Schmeing
Submitted to the TASCC Workshop '88, Chalk River Nuclear Laboratories,
Chalk River, Ontario, 1988 August 15-18.

THE HALF LIFE OF 42Sc
V.T. Koslowsky, E. Hagberg, J.C. Hardy, H. Schmeing and X.J. Sun
Submitted to the TASCC Workshop '88, Chalk River Nuclear Laboratories,
Chalk River, Ontario, 1988 August 15-18.
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4.1 CYCLOTRON

4. 1 . 1 Cyclotron Main-Magnet Intelligent Controller

J.A. Hulbert and L.W. Shankland (Accelerator Physics Branch)

Installation of the Phase 1 controller has been delayed to give time to solve
problems of unreliability in both hardware and software, which came to light
in long-term tests with the magnet simulator. Reliability is important
because tiie magnet must operate continuously for periods of about 150 hours
and field dumps due to controller error are unacceptable.

Of the tour IS-11 crate controllers available for the probe and magnet
systems, only two were found to be operational. Installation of the magnet
controller would have left us without a development system and without a
spare crate controller for the probe system. The problem in the new
controller has been traced to poor assembly of the inter-board connectors and
front panel and has been corrected. Similar faults have been noted in the
probe-system spare which is being worked on.

Final tests are being run with the Targa bubble mass memory, which will
replace the fLoppy disks in the dusty environment of Room 209.

Software hangups have been found to occur because of corruption or overflow
of the stack after interrupt conflicts over long running times. Adjustment
of the real-time clock interrupt rate and the stack size have given reliable
operation over periods of the order of 70 hours and further improvements are
in hand.

It was realised during testing that the printer which maintains operation
records is itself a source of unreliability. Modifications to all routines
calling the printer allow the printer readiness to be tested before each
printout. If the printer is not ready, a warning flag is set and the program
continues the magnet check cycle without attempting to print.

Reliability tests should be complete, and the device ready for installation
by 1989 February.

4.1.2 Dump Switchgear Control Panel

L.W. Shankland and R.A. Vokes (Accelerator Physics Branch)

To improve legibility of the emergency current metering and remove obsolete
meters and wiring from the control panel, a new panel has been designed with
digital emergency current meters, powered from the decaying magnet current.
Outdated switchgear circuit drawings have been revised by Plant Design
Branch. The new panel has been assembled and wiring is in progress.

4.1.3 Injection and Extraction Steering-Magnet Power Supplies

L.W. Shankland (Accelerator Physics Branch)

The injection and extraction steerer power supplies have been modified to
improve linearity and offset near zero current. This has produced the
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desired effect of equating set and readback values at low currents and
bringing the response time for a request for current reversal close to the
response time of the operator. All of the power supplies have been tested
and re-installed. Circuit drawings for the steering-magnet control units are
being revised by Plant Design Branch. Changes to the steerer system
variables, particularly revisions of the software current limits, have been
submitted to the Computer Control Group.

4.1.A Foil Changer

C.R.J. Hoffmann and J.F. Mouris (Accelerator Physics Branch)

Jamming of the loading system occurred when some bent foil frames were
inadvertently loaded into the magazine. A speed control circuit has been
designed for the unloader motor drive. The circuit allows a longer time for
the unloader to latch on to a foil before the mechanism moves back to remove
the foil. Since the speed control was commissioned, the unloading system has
operated reliably and about 100 foils have been changed without jamming. The
foil changer will continue to be operated under close inspection until the
number of successful foil changes reaches about 2000.

4.1.5 Electrostatic Deflector

C.R.J. Hoffmann and J.F. Mouris (Accelerator Physics Branch) with
H. Schmeing

A high-voltage test stand has been commissioned and used to study the
performance of high-voltage feed insulators, water resistors, and boron
nitride support insulators.

In the test stand, three teflon feed insulators, each with a boron nitride
sleeve at the cathode end, showed consistently low values of leakage current.
The leakage current varied linearly with power-supply voltage and was
consistent with the calculated resistance of the included water circuit.
The water column within the feed insulator, which acts as a series isolating
resistor, was 20 mm long. Its output voltage was measured with a 100 kV, 2
GQ potential divider. The voltage drop across this water column was 1 kV per
27 uA of current from the power supply, which feeds all leakage paths. The
leakage current was about 55 uA at 55 kV power-supply voltage. In the
cyclotron the deflector leakage current at this voltage can be as high as
400 MA.

Components were made and installed in the test stand to allow testing of
deflector support insulators. (The deflector is supported by two post
insulators as well as the feed insulator). For the tests the high voltage
output from a feed insulator was connected to the common cathode electrode of
a set of post insulators.

Two tests were made. In the first, a complete set of insulators, feed plus
two posts, was removed from the cyclotron and installed in the test stand.
The leakage current was high and was shown to be mainly associated with the
post insulators. For the second test the cathode geometry at the boron
nitride posts was modified to reduce local electrical stress. The results of
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this test showed no increase of leakage current over that attributable to the
feed insulator aloae.

Some deflector leakage tests have been performed in the cyclotron. The feed
insulator was replaced a few times without significant decrease in leakage.
Replacement of the original Macor posts by boron nitride posts decreased the
leakage current to 250 uA (at 55 kV) and exchanging the boron nitride posts
for the set with low-stress cathode geometry further reduced leakage by a
factor of two. Leakage in the cyclotron is still twice that in the test
stand experiments and shows a strong non-linear increase at power supply
voltage above 60 kV. Improvement in leakage current is anticipated when the
vacuum pumping speed at the insulators is improved.

A Macor feed insulator, with geometry identical to that of the teflon
insulators, was fabricated and tested in the test stand. It showed enhanced
leakage current and evidence of surface charging, both with and without a
boron nitride bonded sleeve at the cathode end.

A.1.6 Electrostatic-Deflector Insulator Design Review

G.K.D. Mitchel (Accelerator P.iysics Branch)

The electrostatic-deflector insulator design has been reviewed in the light
of its known voltage limitations and problems with leakage current increasing
over time (SCC Note //28, Series 2). It is suspected that the high-voltage
insulators are charging under long-term DC stress. The present compromise
designs are discussed with respect to controlling discharge initiation from
metai/dielectric/vacuum interfaces. Suggested improvements include wider use
of materials less prone to surface-charge accumulation (e.g. boron nitride)
and orienting insulators so that high electric fields along their surfaces
are not also parallel to the magnetic field, which strongly channels the
discharge.

4.1.7 Program PATTURN for TASCC Turn-Pattern Analysis

D.C. Radford (Nuclear Physics Branch)

See PR-PHS-P-6: 3.2.25; AECL-9859

4.1.8 Analysis of Diagnostic-Probe Data on a PC

J.A. Hulbert (Accelerator Physics Branch)

The CINDY code, which analyses single radial probe scans with a Fourier peak
finder, now operates on an XT-PC with graphical output drawn with the
GEOGRAF Fortran subroutines. The user has the option of including "missing
turns" or not, and then the following plots may be displayed: radius vs turn
number; RMS turn width vs turn number; energy gain per turn vs turn number;
axial cent.roid vs turn number; axial width vs turn number.

However, the code developed by D. Radford for the Concurrent 3230 computer is
better adapted to current requirements because it allows differences between
probe It I and probe it 2 scans to be displayed, and permits more user
interaction to position bad turns and choose output format. Rather than



4-4

attempt to update the CINDY code, it seemed more direct to translate
Radford's code to the PC. The main tasks in achieving this are to convert the
Strasbourg graphics used by Radford to GEOGRAF format and to provide a
substitute for the mouse input, which is used to select peak positions. A
philosophy for the graphics conversion has been derived and the conversion
completed. The remaining work is to write subroutines for cursor positioning
and then to test the package.

4.1.9 SCC Mid-Plane Reference Measurement Platform

N.C. Bray (Nuclear Physics Branch) with H. Schmeing

See PR-PHS-P-6: 3.2.21; AECL-9859

4.1.10 Cyclotron Probes

R.E. Howard (Nuclear Physics Branch)

See PR-PHS-P-6: 3.2.22; AECL-9859

4.1.11 The Diagnostic Probe for the Superconducting Cyclotron Extraction
Channel

N. Bray, W.G. Davies, R.E. Howard, B.V. Luloff and A.R. Sprake with
B.F. Greiner and H. Schmeing (TASCC Accelerators and Development
Branch)

See PR-PHS-P-6: 3.2.23; AECL-9859

4.2 RADIOFREQUENCY SYSTEM

4.2.1 Operation

E.P. Stock and P.I. Hurley with G.R. Mitchel and J. McGregor
(Accelerator Physics Branch)

The r.f. system has operated reliably during cyclotron runs in the past six
months. The 100 kW power amplifier has operated for approximately 830 hours
during the period. The only r.f. system failure that resulted in a loss of
scheduled beam time was a short-circuit in the low-energy buncher (see
section 4.2.2).

4.2.2 Low Energy Buncher

G.R. Mitchel and J. McGregor (Accelerator Physics Branch) with
E.P. Stock and P.I. Hurley

A newly designed ribbon grid installed earlier in the year has proved to be
very reliable and successful. The four week operating life of the original
wire grids was unreasonably short since replacement of these grids
interrupted beam delivery for up to eight hours. As anticipated, the ribbon
grid has had to be replaced only once during the last 6 months. The first
ribbon grid performed as designed, and the grid failure did not result from
mechanical weakening of the ribbons caused by beam erosion. However, sputter
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deposits coated the stand-off insulators, forming an effective short between
the two resonators. Modifications have been introduced to reduce this effect
and to increase the lifetime of this type of grid still further. These
results are recorded in more detail in SCC Note It 29, Series II by G.R.
Mitchel and J. McGregor.

4.2.3 High Energy Buncher

E.P. Stock with F.J. Sharp (Nuclear Physics Branch)

The feasibility of using a local intelligent controller to tune and start up
the r.f. system is being investigated, with the high energy buncher being
used as a convenient but non-trivial test apparatus. Rudimentary tests at
low frequency have indicated that all the necessary functions can be
performed reliably and that on-line modifications to the internal program
logic can be quickly and easily implemented. Extension of the tests to high
frequency is scheduled for 1989.

4.2.4 Phase Control System

J. McGregor and G.R. Mitchel (Accelerator Physics Branch)
with E. Stock

Modifications to the phase delay-lines feeding r.f. to the various system
components has resulted in a simplified method of setting up the system for
new ion beams. A computer program that allows this process to be completed
by r.f. non-experts has been written and tested.

The phase-control subsystem lacks the ability to control the bunched
injection beam for phase changes exceeding about 100 degrees. A high
priority is to develop a completely new electronics package capable of
achieving control through the full 360-degree range. An improved feedback
control system has been built and bench tested but it is not yet reliable
enough for installation.

Even with the existing deficiencies in phase control, bunched-beam injection
to the Cyclotron has normally been adequate for the cyclotron development
program up to the present time. However, when higher extraction efficiencies
are required during cyclotron production runs, improvements to stabilization
at injection will increase in priority.

4.2.5 Power Amplifier Chain

E. Stock with J. McGregor (Accelerator Physics Branch)

Installation of "anti-runaway" logic in the tuner stepper-motor controls has
alleviated the problem of amplifier detuning after interruptions of a.c.
mains power. New tuner calibrations have been developed and tested to allow
for full computer control of the tuning procedure. Although these changes
result in closer tuning than was previously available, leading to a
significant reduction in start up times, reliable automated tuning still
eludes us.
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A.2.6 SCC and Accelerating Structure

E. Stock and P.I. Hurley with J. McGregor and G.R. Mitchel
(Accelerator Physics Branch)

New tuner calibrations have been developed for the Cyclotron and have proved
reliable to date. The fine-tuning capacitor has been taken out of service
without detriment to tuning or beam acceleration.

Extracted beams during the last 6 months have shown that a major cause of
beam loss can be attributed to a 60 Hz modulation causing dropouts in the
beam intensity. Recent measurements have shown that there is an unacceptable
60 Hz component in dee-voltage regulation. A new automatic voltage-control
system is being developed to overcome this problem.

Responsibilities for disassembly and reassembly of r.f. components as
required for access to the midplane have recently been handed over to trained
operators. Modifications to the lower tuner-drive assembly are in-hand to
simplify this process.

Pi-mode operation of the Cyclotron at 46 MHz late in December proved its
ability to accelerate beams in the h=6 mode.

4.2.7 SCC Mid-Plane Modifications for Pi-mode Operation

J.A. Hulbert (Accelerator Physics Branch) with E.P. Stock

Cooling and instrumentation lines installed through upper valley 2-3, as
reported in PR-PHS-P-5 Section 5.3.2, have survived the past six months1

operations without problems, including a 46 MHz pi-mode run with beam up to a
cavity power of 14 kW. Additional instrumentation-leads to enable the stub
probe vertical scraper bars to be read out independently were added without
problem. The excessive hill-lens temperatures have been corrected by adding
two clamping screws to each lens and lapping the lens/bracket matching
surfaces on the lower side. The improvement to the hitherto indifferent
thermal contacts between lenses and cooled brackets has reduced hill-lens
temperature rises by a factor of about six.

Extrapolation of the most recent pi-mode operating temperatures, as measured
at 14 kW, to the full cavity power of 100 k'/ suggests that previously known
hot spots have been cooled sufficiently for pi-mode operation at full power
and all design frequencies. However, a temperature sensor recently installed
on the upper septum-clamp bar has indicated a temperature of 170°C at 46 MHz
and 14 kW. The data extrapolate to excessive temperatures at full power in
both 0- and pi-modes and a concept for additional cooling is being devised.

Because of the need for additional diagnostics for extraction, a new valley
2-3 cooling system is being fabricated. The new system is better engineered
to enable further cooling and instrumentation to be added as tests develop.
It has yet to be demonstrated that the cooling route, which works reliably at
the valley 2-3/hill 3 corner, will be satisfactory at full r.f. fields and at
the valley 3-4/hill 3 corner where electric-field stresses are higher.
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h. 2 . H Kadiu-froquency Modelling Studies

X.hou Xue-Iiou wit.h K.M. ilutchoon (Accelerator Ftiysics IVaiich)
and G. Corrivuau

Test:; with t.ho half-scale r.f cavity model have been directed t.ov:ar'l.;
answering three questions:

1. What is the distribution of r.f. currents at t.ho cavity wall in \> i -
uodv.'!

2. What would be the effect on cavity operation ci" .-iddin̂  hill post:; *'•-•
i:iir>i'v.iHu cavity wall currents in pi-modo?

W. ilow do the nccelorating gap fields vary as a function of r."diur» i:i
both 0- and pi-modes?

Initial tnrt.s were ciono wir.h tunors; fixed at the median frequency. The
resonant frequency, Q-value, wall-current distribution at the outer radius
and the effect of the firm-tuner and balance-capacitor positions were
rx-.'sKumd in both 0- .and pi-Dodp;;. Postr; were thiiii fitted bctweor. tho hill:;
and thr. ciiangc in wall currents and resonant frequency measured,

Properly scaled variable tuners were then designed, fabricated and fitted t3
the r.iodcl cavity, and the previous measurements repeated over the frequency
range of the tuners. The magnetic-loop probe, used for wall current
measurements, was refined to eliminate electric-field signals. Tlso rc:non"iit
frequency of th'1. model as a function of tuner position if; ir. good c«reeir.o.rit
with the tuning curve of thn cyclotron. At the location of hill lens 1f2 the
pi-mode powor level was found to bo 30 dE higher than in O-c.odci. OuLer wall
cvrrents in both hill and valley regions are much highr-.r in pi.-r.ioc:.j the:; in
0-r̂ .)da, as shown in Fit'urc; -4.2.3.1.

I ? i t 0 I > 10 II 12 !I K 15

'JJk":G FO'.TCHS OH TKT M^Otl CAVITY WALL

Figure A. 2. 8.1 Cyclotron half-scale, model
Probo pover levels measured along the cavity wall in the mid-

piano, with the powor at the tuner short as reference.
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The radial distribution of the dee voltage was measured with a capacitive
probe by two different methods at high and low frequencies in both 0- and pi-
modes. C. Bieth (GANIL), during a visit for consultations in December, used
a vector voltmeter and a fixed capacitor at the end of the dee as reference.
During the pi-mode measurements he observed problems in maintaining balance
between the dees while retuning and suggested that r.f. regulation in the
cyclotron might give similar problems in pi-mode. No such difficulties were
noted in the last cyclotron run.

The dee-voltage measurements agree reasonably with the calculations by Bieth
and with results derived from turn patterns in the cyclotron. The vertical
asymmetry gives rise to maximum dee-top-to-dee-bottom potential differences
of 20% at high frequency and 10% at low frequency. The 10% detuning of the
structure by the measuring ptobe casts uncertainty on the validity of the
data. Measurements are continuing with a matched resistive probe in the
hope of obtaining more trustworthy data.

4.2.9 New Bunched Beams

G.R.D. Mitchel (Accelerator Phvsics Branch)

Improved calibration of the dee analog phase shifter now provides
reproducible adjustment of the injection phase to within 0.1 ns.

Four new beams were set up during the reporting period. Three of the beams
were 0-mode, and were extracted after acceleration in the cyclotron. The
fourth beam was the first pi-mode (h=6) beam to be accelerated to extraction
radius with recorded turn patterns. Bunching and phase control parameters
are given in the following table:

Beam

107Ag5+

107Ag6+

79Br5+

127Z6+

Injection
Energy
MeV

34.58

39.76

40.22

44.17

Specific
Energy

Accel'd
MeV/u

5.6

6.5

6.5

5.12

Frequency

MHz

32.067,
0-mode, h=4

34.524
0-mode,h=4

34.526
0-mode,h=4

45.998
pi-mode,h=6

Bunch Width Injection
FWHM Phase
pS Jitter

(not available)

800

750

850

±0.5° r.f.

±0.5° r.f.

±0.5° r.f.

For all of these beams the high-energy buncher was operated at the second
harmonic.
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4.2.10 An Investigation of Factors that Can Cause an Energy Modulation of
the Beam in the Superconducting CycLotron

W.G. Davies

See PR-PHS-P-6: 3.2.24; AECL-9859

4.2.11 Visits and Visitors

E. Stock and H. Sc time ing with J. McGregor and G.R. Mitchel
(Accelerator Physics Branch)

Useful consultations resulted from our visit to Michigan State University,
East Lansing, Michigan, in September. In December, C. Bieth of GANIL and
J. Vincent of MSU visited TASCC for two weeks and two days, respectively.
During these extremely fruitful visits a complete review of the r.f. system
was carried out and reports from the two consultants regarding upgrades and
test programs to overcome presently known deficiencies are in preparation.

4.3 CRYOGENIC SYSTEM

L.W. Thomson, R.E. Milks, R.R. Tremblay

4.3.1 Operat. ion

The system operated continuously throughout the period, except for minimum
scheduled outage for regular maintenance and repairs to the liquefier and
compressors.

A total of 328 cylinders of helium gas were added to the system, compared to
263 cylinders the previous six months. Liquid helium equivalent to about 90
cylinders was lost when the cryostat relief solenoid froze open during a
failure of both the main and emergency power in December. The 1000 L dewar
was siphoned empty during this incident.

Liquid nitrogen deliveries estimated at 32,300 L were made to the large
storage tank, compared to 24,900 L the previous six months. (ISOL, which also
draws from this tank, was not operational the previous six months). As
usual, consumption from this tank is estimated from the invoiced total for
both Building 137 tanks.

4.3.2 Cryostat

The cryostat level dropped once to about 560 L during the 40-minute December
power failure, and once to the magnet dump trip-point of about 626 L during a
cyclotron run. Recovery from the dump to full operating current took only
one hour.

Cryostat gas pressure was maintained at about 25 kPa between runs, rising to
28 - 30 kPa during cryopump operation. An attempt to reduce this pressure to
below 25 kPa during cryopump operation (to increase critical current in
extraction magnets) led to unstable liquid transfer from the dewar to the
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cryostat. This lower pressure is suspected of contributing to the magnet
dump described above.

Problems with the ionization gauge that monitors the cryostat vacuum-jacket
pressure continue in the form of unreliable readings, spurious trips, and
frequent replacement of filaments. The location and orientation of the
gauge, plus considerations of magnetic shielding and cooling are under
review.

Investigation of a higher-than-normal cryostat gas pressure in the final two
weeks of the year revealed a leak in the ionization gauge vacuum piping. The
actual cause of the high pressure was suspected to be partial blockage of the
H-tube that carries cold cryostat boiloff gas back to the liquefier.

4.3.3 Helium Liquefier

Scheduled 5,000 h maintenances were performed on engine //7 in August and on
engine //5 in September. Replacement of some additional hardware was also
performed during these engine shutdowns.

Three unscheduled shutdowns occurred: in August, to replace engine #5
jackshaft and bearings; in October, when engine ill seized with ice; and in
December, when engine //7 again became icy, at which time a regular 7,500 h
maintenance was performed on this engine.

Engine //5 has operated a total of 30,740 h, and engine ill a total of
31,198 h.

4.3.4 Helium Compressors

The screw compressor ran for 4,130 h out of a possible 4,392, for a lifetime
total of 32,011 h. It was shut down for a scheduled oil change in September.
The order for a second screw compressor was reactivated and delivery is
expected in the first weeks of 1989.

Reduced cooling-water flow caused by plugged sand-filters prompted several
manual shutdowns of the screw compressor for attempts to back-flush its heat-
exchangers. An automatic trip, caused by high oil-temperature, forced
further investigation that revealed sand-blocked internals of a solenoid
valve. Full flow was re-established after removal of some redundant valve
parts.

Reciprocating compressor #3 leaked oil into its second-stage pressure gauge
and required repairs.

Compressor //4, which was removed from service in June when its motor winding
grounded, was reinstalled. It immediately failed with an identical fault,
which required a second, successful rewinding.
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4. 3.5 Piping and Instrumentation

The 2,500 L gasholder is no longer in use and was removed from Room 206. The
floor space will be used for the second screw compressor.

Thermocouples were installed on the screw compressor piping to monitor
temperatures of cooling-water inlet and outlet, oil inlet and outlet, and gas
inlet and outlet. These temperatures are monitored and recorded by a multi-
channel data logger.

Recurring helium gas losses of up to two cylinders per day were traced mostly
to rubber seals in demountable compressor connections. Repairs late in the
year reduced losses to about half a cylinder per day.

4.3.6 Computer Interface

Some of the more important system variables were re-calibrated in preparation
for automatic display of system limit trips on control room video monitors.
Planned control of a limited number of system variables from the control
room in the near future also depends on these calibrations.

Another 15 limit-trip indications have been routed to the control room fault
annunciator panel, for a total of 45.

4.4 BEAM DYNAMICS

Helena Lindqvist

4.4.1 A Method to Compensate for the "Turn Separation Error" due to
Decentering in the SCC

If the beam is centered in the cyclotron one can calculate the phase slip by
observing the turn patterns (the turn separation vs radius) on the two radial
probes PI and P2. If the beam is centered and there is no or little phase
slip one can also calculate the dee-voltage variation with radius for that
frequency by studying the turn patterns and in addition one can calibrate the
dee-voltage. If the beam is not centered an error is introduced in the turn
separation and consequently in the calculation.

Since centering of a real beam is a lengthy procedure, a semi-empirical
formula has been developed that corrects for the turn separation error due to
decentering. The formula uses the average turn separation on the two radial
probes R(P1, P2) and the position for one turn on one probe R(P2) minus the
position of the same turn on the other probe R(P1). The difference R(P2)-
R(P1) is a measure of the decentering. It should, for a centered beam, be
1/4 of a turn separation since the two probes are 90° apart. The semi-
empirical formula

R(Pl,P2)cent = 1.008 [ R(Pl,P2) d e c e n t - 0.0317 [R(P2)-R(Pl)]decent]

has been tested theoretically (with the beam dynamic code GOBLIN) and with
data from the cyclotron. For 80 - 90% of the turns the formula significantly
improved tne centering.
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4.4.2 A Method to Minimize the Decanter ing in the SCC

All beams accelerated in the SCC have be on decentered to one degree or
another. For the .same reasons as in section A.A.I and for extraction reasons
it is desirable to have a reasonably centered beam. The decentering can be
calculated by measuring the position on one probe R(P2) and the position of
the .same turn on the other probe R(IMJ and then taking '.hi? difference 1K(P2)-
R(P1)]. By introducing first harmonics with the different frimrods the beam
can be centered. This method is built on the idea that the dec-entering
contribution from one triinrod is linear with amplitude and that the
contribution is independent of the beam centering. Both conditions hold
reasonably well theoretically (that: is, according to the beam dynamics code
GOBLIN). For each trimrod that .should bt; optimised the contributions are
used together with [R(P2) -R(PI) | of the beam that should be centered in a
Least squares fit to calculate the amplitude and angle of the first harmonic
that is required to produce a centered beam. Calculations .show that several
iterations might be necessary. (See SCC Note // 23 for details.)
Measurements of the contribution for some of the trimrods were made and the
results from a least squares fi! were obtained. The beam centering did not
improve. Because of other priorities the reasons have not been investigated.

4. A.3 Foil Thickening

For several beams a thickening of the stripper foils in the cvclotron has
been observed from the incoherent betatron oscillations. The foils tend to
thicken for lower beam intensities whereas for higher intensities they do
not. From measurements of the change in. decentering due to increased energy
loss between a new foil and a thickened foil, the: actual increase in the mean
foil thickness can be calculated. For 6.5MeV/u ^ Ag with an injection
energy of 39.8 MeV and energy loss of 1 MeV in a 20|jg/cm^ foil, the foil
thickness was calculated to have doubled.

Extraction calculations with the beam dynamics code GOBLIN have been done
with a centered beam (only decentering due to excitation by the V r = 1
resonance of small field perturbations) and four different decentered beams
(a first harmonic of 7.5 G at 0°, 90", 180°, and 270° in trimrod 6). The aim
was to see if all cases could be extracted through the extraction system and
if the beam on the last turns before extraction would hit any obstacles.
There was no problem finding settings of the extraction parameters for all
cases. In general, a big turn separation at the entrance of the deflector
requires a high deflector voltage but a lower current in extraction
channel 1. No ether extraction parameters had to be changed.

The last two turns before extraction were studied. Only the last turn
interfered with any obstacle and the main obstacle was the corner of the
extraction channel, which the beam either hit or was very close to.

If the deflector assembly were located 2mm closer to the axis of the
cyclotron, the outer turn would not have to be as close to the extraction-
channel corner in order to enter the deflector properly. However,
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calcu Lat. ions for this deflector geometry indicated that the clearance of the
obstacle by the beam was not significantly improved.

•'(. A. 5 New Beams Calculated

Cyclotron and beam-line settings have been calculated for the following
beams: 107Ag 5.6 MeV/u, 107Ag 6.5 MeV/u, and 79Br 6.5 MeV/u.

4.5 COMPUTER CONTROL SYSTEM

B.F. Greiner with W.K. Slater, R.B. Walker and T.G. Whan (Nuclear
Phys Lcs Branch)

A.5.1 Operation

The computer-control system continued to provide reliable service t.o
operators of TASCC, but the quality of service was probably the worst of any
six-month period since the installation of computer-control. The reduction
in quality resulted from problems with new hardware and new software as well
us ageing of existing hardware. However, the problems were primarily in the
annoyance category, and less than twenty hours or 0.5% of the calender time
were lost, because of control system failures.

Most of the failures that affected operation of TASCC can be placed in three
categories: failures induced by high-voltage transients, failures related to
CAMAC serial-highway electronics and computer hardware failures. A lightning
storm in July caused several electronics failures including some in the
control system, and injector sparks appear to have caused failures in CAMAC
modules and spark-protection twice in October. The CAMAC highway problems
are related to the newly-installed bypass-repeater units (see section A.5.3).
Two computer-disk failures required operation on the second computer during
the 6-month period. It is hoped to phase out these obsolete disks in the
near future.

The interlocking of the TASCC vacuum controllers to CAMAC crate power caused
several interruptions to beam delivery during the period, and was the main
consideration in decisions to run with degraded control-desk operation on
other occasions. In addition, the failure of a section-valve to close during
one of these interruptions for CAMAC service caused two vacuum sections to be
vented to air.

Updated control-system software was implicated in control-desk hangups for
most of the period, but the problem was judged by control-system users to be
bearable until very intense usage for cyclotron operation was attempted. The
problems were largely removed by software modifications.

A.5.2 Software

After the TASCC II magnet switchgear was partially commissioned in July, the
main software effort was concentrated on efficient setup of the beam-
transport magnets. A system of grouping TASCC devices was implemented
within the control-system software design to fit TASCC target areas, and the
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magnet-setting program was revised to be compatible with rt'e upgraded ;onti--!

system and extended to TASCC II magnets. i-'inaLiy, the nr-.i.-ra!.', -hat aiJc-w-

operators to specify beam parameters and target area vas updated. Al r.he end

of the period, operators could t.urn on magnets appropriate fur ; ':•..• si-Je.-.-t.ed

target as a group, from the touch panel, and then set ail magnets t-.• ' hi-

values appropriate to the specified beam by using the new p'-og r.ii:i.

Extension of the software to combine the two operations is in progress.

Commissioning work during the period provided tontMvi oi TASf'C. I i riaunet

switchgear, before and after hardware m -d i f icat ions, ininCoi <<. iagnost. i i\; aiu;

control, of the UNJ.S source.

Software modifications wore made to the MIMIC diagram dispiav progr.u:"; 'i,

allow it to recover from CAMAC errors. This was not possible under the. .;id

control-system software because of program size problems. !'luj t.Mn'irpaiii1'

program was modified to be more to Lor a: it of CAW^C errors after oper at r.s

found the rate of hang-ups to l;e intolerable. There is a years-old hardware

problem behind this phenomenon, and a planned upgrade of the CAMAC interfaces

may help. The program that controls the trim-rods in the eye: i >».ron was

modified to fit the observed behaviour of the rods and a m e d w n ; •:a I iui'ure

of a clutch assembly was discovered in response to the improved diagnostics.

Clutch operation was revised to limit the number of operations oi clutches.

The program needs more work to remove remaining faults, but. a rewrite in

FORTRAN is required because of size restrictions in MUMTI.

Plans for further co-operative software development with the computer-conlrol

group at the Hahn-Meitner-ln.sti tut e for Nuclear Research in West Berlin had

to be deferred because of tho volume of work foreseen for the remainder oi

the period.

A . 5 . "i Hardware

Most of the hardware effort was spent on debugging and extending the bypass-

loop collapse system for the CAMAC highway (a long distance, high-speed

digital communications path). A power supply in the new units has been found

to degrade within about two months of initial service, causing a marginal

voltage sitxiation and a CAMAC-message error rate of up to one in ten. Normal

operations, such as removal of a Faraday cup, can still be carried out, but

usually with some repetition or cross-checking by the operator. Many

expei"imental runs that suffered from this problem were not interrupted,

partly because the problem tended to go away when the mains voltage rose one

or two volts at the end of the normal working day. This problem is being

corrected by installation of regulated, packaged 5-volt supplies as in the

original design for these I'nits from CERN.

The replacement of substandard crate-controllers has been delayed by the

installation and testing of bypass-repeater hardware, but is about 75%

complete at the end of the period. The new controllers have already been

found to solve a problem related to operation of the bypass units.

CAMAC module repair and re-testing contir. .ed to require significant

resources. A new employee (TGW) has been trained in the repair of all of the
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most common CAMAC modules and has been heavily involved in the highway
upgrading.

Design and procurement of hardware for spark-protection of the second
injector began during this period.

A. 6 NEGATIVE ION INJECTOR

Y. Imahori

A, 6. 1 Operation

The negative-ion injector operated for 84% of the six-month period to
produce beams for experiments and cyclotron commissioning. Two HICONEX-860
sputter ion sources were used alternately to achieve essentially continuous
operation. The injector was shut down for 9 days during the period for
repairs and upgrades to the electronic equipment. The remaining 21 shutdown
days were for service on other accelerator subsystems and for holidays. An
unacceptable frequency of breakdowns and arcs was corrected by reducing the
extraction voltage from 20 kV to 15 kV.

A lengthy vacuum pump-out time after source changeover was reduced by the
installation of a thin gate-valve mounted permanently on the injector vacuum
chamber and an identical valve on each of the two sources. The vacuum in the
chamber is now maintained at all times and outgassing of a clean source is
done on the bench, with the result that source changeover time has been
reduced from twelve hours to four hours.

Modifications to the internal geometry of the HICONEX-860 have been initiated
after consultation with other users of this sputter source. The new geometry
will improve the efficiency of cesium usage and reduce the effects of
deposits inside the source, thereby extending the operating time after
cesium charging and the time between source changeovers.

The UNIS source was run for the first time in the present injector, as a test
in preparation for Accelerator Mass Spectroscopy runs in 1989 (Section
3.2.14). No beam was produced because of an electronic fault, and the test
will be repeated in 1989.

A.6.2 Ion Production

Fluorine and Aluminum were produced for the first time and the yield of
calcium was improved. Yields and cone materials are as follows:

Ion Current Cone Material

1. Fluorine -19 20 uA calcium fluoride + silver
2. Aluminum -27 (as Al2") 2uA aluminum
3. Calcium-AO luA calcium-hydride

The total number of ion beams which can be produced on demand from the
HICONEX-860 source is now 32.
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4.7 TANDEM ACCELERATOR

L.B. Bender

4.7.1 Operat ton

The tandem accelerator operated satisfactorily during the period, producing
beams in the bypass mode (tandem only) for nuclear physics experiments at the
three new target locations. The tandem also produced beams for cyclotron
beam development. Accelerated beams are listed in Table 4.7.1.1

Table 4.7.1.1

Isotope

protons

carbon-12

nitrogen-14

oxygen-16

fluor i.ne-19

silicon-28

silicon-29

silicon-30

sulfur-32

sulfur-34

sulfur-36

chlorine-35

chlorine-37

calcium-40

bromine-79

silver-107

iodine-127

gold-197

Kote (1):

4.7.2 Generator

Beams Accelerated by the MP Tandem

1988 July 1 to December 31

Negative Ion Current
from the Injector (uA)

40

100

3.5 (1)

100

20

100

5.1

3.3

50

40

0.45

40

3.3

1

20

4.7

40

16

20 nA of nitrogen-14 was

Beam Energy from
the MP Tandem

10 to 22

35 to 95

60 to 82

92 to 130

60 to 135

70 to 155

147 to 151

135 to 160

106 to 160

145 to 179

92 to 147

95 to 125

65 to 173

52

40 to 85

30 to 130

42 to 90

69

analyzed.

The tandem generator operated satisfactorily during the period. While
operation at 15 megavolts was possible early in the period, subsequent
operation at this level was unreliable because of frequent voltage
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breakdowns. Degradation of the high-energy charging chains after twice their
expected 20,000 hour lifetime is considered to be the most likely cause.
Replacement chains have been ordered and will be installed during the next
period. However, fairly reliable operation was possible at 14 megavolts, and
a number of experiments were carried out in the 13 to 14 megavolt range.

The column section shorting rods were modified to serve as capacitive pick-
off s. This will allow the monitoring of any micro-discharges and
abnormalities along the entire generator column, and should allow problems to
be more easily identified.

The generator tank was evacuated on nine occasions during the period, three
of which were for scheduled maintenance. The unscheduled shutdowns were for
a variety of minor mechanical faults, all of which were readily repaired.
The Vivirad column and tube resistors gave trouble-free performance during
the period and no replacements were required. No prob]ems have been
experienced with the accelerator tubes and they continue to support the rated
voltage of 4.5 megavolts per tube.

4.7.3 Sulphur Hexafluoride (SF6) Insulating Gas

The SFg gas system operated normally when required during the period.
Twenty-five cylinders of gas were added to the system.

4.8 BEAM TRANSPORT SYSTEM

L.B. Bender

4.8.1 Magnets

The beam-transport magnet systems operated reasonably well during the period
although there were a number of failures that were corrected without
difficulty. These included replacement of the NMR probe in bending magnet
BI-2. Other failures included three steerer power supplies, the Variac
transformer drive motor for magnet BI-1 and the demodulator module for magnet
BI-3 NMR probe. There were some minor faults for quadrupoles QI-11, QI-12,
QE-3 and QE-15, all of which were readily repaired.

4.8.2 Vacuum System

The vacuum system operated satisfactorily during the period except for some
intermittent problems with section valve controllers. Modifications are
being carried out to replace obsolete parts on these devices.

4.8.3 Beam Diagnostic Devices

Beam diagnostic slits, Faraday cups, beam-profile monitors and their
multiplexed controllers operated normally throughout the period. The
emittance-measuring device began to produce a comb-like emittance graph and
an inspection was carried out. The fifteen conducting strips on one side of
the finger-plate were found to contain micro-cracks which affected electrical
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continuity of the metal. This plate was first used in a beam more than eight
years ago and it was replaced.

4.9 BUILDING SERVICES

P.I. Hurley

4.9.1 De-ionized Water System

All installed TASCC Phase II equipment that uses de-ionized cooling water
has been placed on stream. A programmable pressure controller, which
operates the four pumps, and the pressure control valve have been
commissioned successfully. The purification system flow was increased by a
factor of three and the response time to a system conductivity disturbance
reduced by an order of magnitude.

There was a three week period of unusually high crud content in the fire-
service water (site-wide), which we use to remove heat from the de-ionized
water. The crud was organic matter from the Ottawa River and also debris
loosened during maintenance on the main fire-water piping. The crud caused
some temporary blockages in heat exchangers, but increased frequency of back-
flushing prevented serious outages.

4.9.2 Electrical

There were thirteen Ontario Hydro Power failures, three times the average
number for the six month period. Although most of the failures were less than
one minute in duration, they caused about 20 hours of lost beam time in
total. A weekend of scheduled data-taking was lost when operation of
essential equipment could not be restored after a power outage during a local
thunder storm.

4.9.3 Safety

One of the five oxygen monitors failed twice; another failed once. The
failures were coincident with Ontario Hydro power failures. The monitors
were repaired and returned to service.

4.10 TASCC II SAFETY AND LICENSING

D.C. Radford and G.C. Ball with M.J. Shea (Civ. Elec, & Instr. Design
Branch), R. Roiha (Mathematics and Computation Branch) and S.G.
Whittle and G. Backmeier (TASCC Accelerators and Development Branch)

See PR-PHS-P-6; 3.3.5; AECL-9859
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A.11 TASCC WORKSHOP '88

M. Harvey (Theoretical Physics Branch) with T.K. Alexander, G.C.
Ball, J.S. Forster, D. Horn, V.T. Koslowsky and D.C. Radford, L.W.
Thompson (TASCC Accelerators and Development) and I.S. Towner
(Theoretical Physics Branch)

See PR-PHS-P-6: 3.1.16; AECL-9859.

4.12 TASCC ELECTRONICS DEVELOPMENT

J.P.D. O'Dacre and B.V. Luloff with S.G. Whittle and G. Backmeier
(TASCC Accelerators and Development Branch)

See PR-PHS-P-6: 3,2.19; AECL-9859.

4.13 PROGRESS IN ACCELERATOR MASS SPECTROSCOPY

H.R. Andrews, G.C. Ball, W.G. Davies and V.T. Koslowsky with
B.F. Greiner, Y. Imahori and H. Lindqvist (TASCC Accelerators and
Development Branch), R.M. Brown, R.J.J. Cornett and G.M. Milton
(Environmental Research Branch), J.C.D. Milton (Physics and Health
Sciences and K.W. Allen (Oxford University)

See PR-PHS-P-6: 3.2.14; AECL-9859

4.14 PUBLICATIONS, DOCUMENTS AND TALKS

L.W. Thomson, L.C. Gauthier

Five new TASCC Instructions have been released during the period, and five
have been revised. Eighteen SCC Notes (Series II) have been written and
distributed. Monthly issues of the TASCC Newsletter were written, with a
current mailing list of 70 recipients, 47 being off-site.

The following documents are now available for internal use at CRNL.

SCC Notes

Recalibration of Trim Rod Position,
R. Mcllquham, V. Cecco, (NDT Development Branch),
SCC Note #8.1, Series II, Report CI-ET-134

Cyclotron Orbits with First Harmonics,
J.H. Ormrod, (Accelerator Physics Branch),
SCC Note // 15, Series II

Tuning Calibrations for SCC and P.A.,
E.P. Stock,
SCC Note // 18, Series II
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Magnet First Harmonics in 1-5.6 Setup,
J.H. Ormrod, (Accelerator Physics Branch),
SCC Note //19, Series II

1-5.6 Beam Development Notes,
C.B. Bigham, (Accelerator Physics Branch),
SCC Note it 20.0, Series II

Electrostatic Deflector Maintenance Notes,
C.R.J. Hoffmann, (Accelerator Physics Branch),
SCC Note it 20.1, Series II

Radial Probe Axial Deflections,
R.E. Milks, H. Schmeing, L.W. Thomson,
SCC Note // 21, Series II

Liquefier Warmup/Cooldown,
L.W. Thomson, R.E. Milks, R.R. Tremblay,
SCC Note it 22, Series II

Method to Minimize Decentering in SCC - Theoretical,
E.H. Lindqvist,
SCC Note it 23.0, Series II

Iodine-5.6 Centering 0:00 - 8:00 h : Oct 04 Run,
C.B. Bigham (Accelerator Physics Branch),
SCC Note it 24.0, Series II

Charge-State Distribution. Comments on Ag-107 Run of 1988 Oct 17-21,
E.H. Lindqvist,
SCC Note it 25.0, Series II

Various Beam Dynamics Studies and Calculations: 1989 June-July,
E.H. Lindqvist,
SCC Note it 26.0, Series II

Comment on X-Y Beam Movement at Extraction,
C.B. Bigham, (Accelerator Physics Branch),
SCC Note // 27.0, Series II

Thoughts on High Voltage Insulator Design,
G.R. Mitchel, (Accelerator Physics Branch),
SCC Note it 28.0, Series II

Long-Life LEB Grids,
G.R. Mitchel, (Accelerator Physics Branch),
SCC Note it 29.0, Series II

Extraction From 150 Turns,
C.B. Bigham, (Accelerator Physics Branch),
SCC Note // 30.0, Series II
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Probe Current Measurement Test,
R.E. Howard, (Nuclear Physics Branch),
SCC Note It 33, Series II

Estimates of Parameters That Can Cause Energy Modulation in the SCC,
W.G. Davies, (Nuclear Physics Branch),
SCC Note // 34, Series II

Reports

Visit to MSU, Lansing, Michigan,
1988 September 18 to 21,
E.P. Stock, R.E. Milks, J.E. McGregor (Accelerator Physics Branch),
TO-TR-027

25th European Cyclotron Progress Meeting (ECPM), Uppsala, Sweden,
1988 September,
E.H. Lindqvist,
TO-TR-028

New TASCC Instructions

Emergency Procedure for Power Outage,
L.W. Thomson,
TASCC Instruction // 4.2.21

Negative Ion Injector Beam Optimising Procedures,
Y. Imahori,
TASCC Instruction #2.9

860 Sputter Source Startup and Shutdown,
Y. Imahori,
TASCC Instruction # 2.11

860 Sputter Source Maintenance,
Y. Imahori,
TASCC Instruction # 2.12

Installing and Removing Extraction Channel Heater,
R.E. Milks,
TASCC Instruction # 4.6.3

Talks

"Current Status of the TASCC Facility", presented to the 25th ECPM, Uppsala,
Sweden. 1988 September, E.H. Lindqvist.
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For this report Section 5 has been included vithin Section 4.
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Assistant to the Vice-President - G. Dolling
Secretary - J. Vaudry

PHYSICS SUMMARY

6.1 Condensed Matter Physics

Neutron diffraction measurements on several forms of D2O ice have been analysed
to ascertain the overall structure and degree of disorder of the deuterons among
the various possible crystallographic sites. Calculations relevant to Ice V and
Ice IX are now well advanced (7.3, 7.4). It would appear that classical
spinodal theory is inadequate to explain the complex wave vector dependence of
the phonons in CU3AU over the 50 K temperature range below its order-disorder
transition at 657 K (7.5).

A search for local modes of guest atoms in clathrate hydrates has failed to
produce significant evidence to support one particular model for the unusual
thermal conductivity behaviour of these compounds (7.7). Hydrogen is known to
diffuse much more rapidly through the beta phase of Zr (2.5% Nb) than through
the dominant alpha phase. The high superconducting transition temperature of
the beta phase is the basis of a highly promising method for testing the
hydrogen permeability of pressure tube material (7.11). Neutron scattering
studies of various low-density forms of solica continue to throw light on the
anomalous vibrational properties of these fractal solids (7.12).

Re-analysis of magnetic neutron scattering data from the integer spin chain
compound CsNiCl-j in terms of a new spin wave theory strongly suggests the
existence of longitudinal fluctuations of the magnitude of the nickel spin S
rather than its direction (7.15). An overview of this work, including a review
of the theory of the so-called Haldane gap and its experimental observation is
given in Section 6.2. Other magnetic scattering work during the past six months
has included polarized neutron studies of the (002) magnetic satellites in the
spiral phase of holmium, made with the help of the horizontal magnetic field
cryostat (7.16).

Substantial progress has been made in the design and procurement phases of the
Dual Beam Neutron Spectrometer (DUALSPEC) project (7.26). Bids on the
manufacture of the major drum components are anticipated in 1989 January from
several outside companies.
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The STAR-eleven computer network control system for all neutron spectrometers at
NRU has been augmented by a MicroVAX II "super host" computer and an Ethernet
link, with connections allowing data transfers via NETNORTH, BITNET, etc.
Production of additional hot-pressed silicon monochroraators has continued
(7.20), with crystals being cut so as to provide various (hkl) reflections, such
as (331) and (551). The pace of neutron experimentation at NRU continues to
increase, with 52 experiments being conducted at A spectrometers during the six-
month period (7.21).

6.2 The Haldane Gap - Historical Overview and Present Status

In nature it often happens that two magnetic atoms interact via a repulsive
force that depends on the angle between the magnetic moments or spins carried by
each atom. Chains of such atoms occur naturally in quasi-one-dimensional solids
such as the antiferromagnets CSMCI3 where chains of magnetic M=Mn or Ni atoms
are separated by the magnetically inert chlorine atoms. The effect is to
produce a set of practically independent one-dimensional systems inside a real
three-dimensional crystal.

Conventional wisdom has it that such a chain reaches at low temperatures a
ground state that is Neel ordered, that is, adjacent spins are oriented in
antiparallel fashion. A spin excitation taking the system from its ground state
to its lowest energy excited state corresponds classically to a rotation of the
entire spin system through a small angle. It can therefore cost no energy
because the magnetic force depends only on the angle between adjacent spins.

Neutron scattering experiments at Chalk River (e.g. PR-PHS-P-5:7.18, AECL-9758
and PR-PHS-P-4:7.18, AECL-9680) have shown this intuitive picture of a spin
excitation to be flawed when the spin, S, has integer values such as for M=Ni
where S=l. The ground state corresponds to a spin at each site that points
equally in all directions, that is, it is a singlet ground state. The
correlations between adjacent spins are remarkably weak and extend to only one
or two neighbours. Most dramatically the first excited state is separated from
this disordered ground state by an energy gap. Its magnitude is large, being
about 40% of the coupling strength between spins.

These results confirm a conjecture by theorist Duncan Haldane that such a gap
should exist. It is amazing that such a large physical effect was not
previously discovered in the thirty years of neutron scattering from magnetic
crystals. The likely reason was that experimenters merely incorporated effects
of such gaps into parameters that describe a system anisotropy which does not in
reality exist.
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The new result means that we must abandon linear theories for excitations in
integral spin quantum systems (systems with low spin) even though it is possible
to force linear descriptions of nature by adducing empirical parameters. The
linear theory fails to give even the correct number of spin states per atom. In
reality, there is a singlet ground state and three excited states at the gap
energy unlike the two excited states of linear theory. Thus, as Ian Affleck has
shown field-theoretically, there should be a new class of longitudinal spin
excitations corresponding to oscillations in the length of the spin. These have
now been convincingly demonstrated by polarized neutron analysis in a magnetic
field. Linear theory gives only transverse spin excitations. Although the most
recent results indicate that the longitudinal and transverse modes are
quantitatively closer together in frequency than expected, it is clear that a
major advance in our understanding of spin symmetry and dynamics has been
achieved.

6.3 Neutrino Astrophysics

The scientific and technical review of the Sudbury Neutrino Observatory project,
conducted by NSERC, resulted in one of the most favourable reports and most
positive funding recommendations ever written for a major Canadian project.
Attempts are in progress to obtain the required funding by means of the federal
Networks of Centres of Excellence scheme (7.22). Meanwhile, preparatory work is
continuing on several fronts, including drilling a drift extension to locate a
low-stress region of novite rock in the Creighton Mine, studies of a possible
spherical D-̂ O containment vessel, methods of trace analysis for Th and U in
acrylic (7.23) and background measurements near the proposed detector site
(7.24).

6.4 Theoretical Physics

Members of Theoretical Physics Branch figured prominently in the effective
organization and operation of a very successful TASCC Workshop, h*>ld at CRNL in
1988 August (8.8 and 3.1.16). A comprehensive treatise on "Neutron Optics" has
been completed and will be published by Oxford University Press in 1989 (8.2).
Computer calculations of spin glass effects in random mapnets are continuing
(8.5). Prior to 1986, theories of pion photoproduction amplitudes at threshold
were in agreement with experimental data. New results from the Saclay and Mainz
groups have upset this agreement, and theoretical work is under way to evaluate
several correction terms in the theoretical models, in order to see if agreement
with experiment can b^ restored (8.9). The relationships between topological
theories of knots, links and braid groups, and a wide variety of phenomena in
physics, continues to stimulate developments in these topics (8.12, 8.13, 8.14).
It has been shown (8.16) that dileptons constitute a valuable probe of many-body
effects in nuclear dynamics. A semi-analytical method is being developed (8.20)
for calculating fields in quadrupole magnets, studying various types of
aberration, and estimating focal lengths and principal-plane positions.
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6.5 National Fusion Program

An application has been submitted to the federal Networks of Centres of
Excellence program wherebv the National Fusion Program would coordinate fusion
research at several universities. A total of $11.0 M spread over four years has
been requested, with all funds going to the universities (9.2). A significant
upgrading of the highly successful Tokamak de Varennes has been proposed (9.3);
Quebec provincial funding for this upgrade has already been approved, and
matching federal funds have been requested. The outstanding marketing and
technological potential of the Canadian Fusion Fuels Technology Project has been
recognized by the award by the Ontario Premier's Council of $9.4 M over five
years for expanded efforts in tritium technology and other fusion-related
programs (9.4); matching federal funds are also being sought for this provincial
funding. On 1988 October 3, a Memorandum of Understanding was signed by Canada
and the European Community (EC) confirming Canada's participation in the
International Thermonuclear Experimental Reactor project, along with the US,
USSR, EC and Japan (9.5).

6.6 Radionuclide Metrology and Detectors

Measurements for the international comparison of l"i were completed and
submitted to the Bureau International des Poids et Mesures (7.35). Three
different and independent methods were employed to make these measurements: all
three gave results in good agreement with each other. Results of measurements
made by other participating laboratories are not yet available. Precise
measurements of the half-life of ^'Cs require a method for compensation of
long-term variations in the measuring system with the aid of *-̂ °Ra reference
sources. Corrections are also required for traces of *-^Cs impurity in the
13'Cs. After allowances for these factors had been made, a new value of 10969
days for the ^'Cs half-life was deduced (7.36).

A Bragg-curve detector to discriminate -""S from -*"C1 by accelerator mass
spectroscopy has been designed, constructed and tested (7.32). An alpha-
particle resolution of about 100 keV has been achieved, and modifications are
being made to improve discrimination.
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7.2 Cold Neutron Source for the NRU Reactor

E.C. Svensson, V..T.L. Buyers, J.H. Root and T.M. Holden with G. Dolling
(Office of the Vice President), V.F. Sears (Theoretical Physics Branch),
P.M. Brevster (Reactor Physics Branch), V. Nellors (Mechanical Equipment
Development Branch) and D.A. Barrington (Nuclear Safety and Technology
Branch)

Work on the cold source project (PR-PHS-P-4: 7.2; AECL-9680 and PR-PHS-P-5:
7.3; AECL-9758) is still focussed largely on the selection of the cold
moderator material, size and shape. In basic concept, the cold moderator will
be placed at the intersection of the nev T3, C2 and N2 beam tubes in the NRU
Third Vessel. The moderator chamber will be constructed of an aluminum (or
possibly aluminum-magnesium) alloy and vill be surrounded by a large volume
vacuum "can" (also constructed of an aluminum alloy), the vails of which vill
be cooled by flowing water. This assembly vill be inserted into the T3 beam
tube via an enlarged T3 hole through the thermal column graphite. The
moderator material (fluid H2 or D2, or a mixture) vill be maintained at a
temperature of about 20 K by continuous circulation through an external
refrigerator.

In the current period, effort was temporarily directed away from the extensive
preparations needed to carry out detailed numerical calculations using reactor
physics codes and focussed instead on a more thorough study, understanding and
synthesis of the available literature. During this work, a bibliography of
130 reports and journal articles related to the design and performance of cold
neutron sources in research reactors was compiled (Technical Memorandum ARD-
RP-107).

Several specific concepts for the cold moderator vere considered and three
have been retained for more detailed investigation. One of the rejected
concepts entailed the use of a narrower T3 beam tube offset somewhat from the
axis of the present T3 hole in the thermal column. This narrower tube would
have blocked 2 fever lattice sites in NRU but it had overriding disadvantages:
lover cold neutron flux, inadequate room for the extraction of a third beam of
cold neutrons through the T3 tube, and at least 3 disadvantages from the
safety point of view. In a meeting in December with members of the NRU Third
Vessel Procurement Project team it was thus agreed to stay with the earlier
(1982) specifications for the T3 tube (given in drawings E-13415 SKI and SK2
of 1984, September). It had previously been established that the boring out
of the graphite to enlarge the existing T3 hole in the thermal column, as
needed for insertion of the cold source and also to make repairs if the T3
tube should ever leak, vas feasible. The cost of this boring vill be included
in the NRU Vessel Replacement project.

We have rejected a supercritical moderator in favour of a liquid. At present,
the favoured concept is a chamber containing liquid H2 and a vapour filled
displacer (or displacers). The average thickness of liquid H2 along the
directions of the principal cold neutron beams (those in the C2-N2 through
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tube) would be about 4 cm. Detailed calculations will be required to choose
the shape of the displacer(s) which maximizes the flux of cold neutrons. The
two other options still under consideration are a large volume (-6 1)
deuterium-rich liquid D2-H2 filled chamber (essentially as large as allowed by
the size of the T3 tube) and a simply shaped (e.g., a flat elliptical disc)
liquid H2 filled chamber. The large volume D2-B2 moderator should yield the
highest flux and the most complete moderation but it has the disadvantages of
the largest "hydrogen" inventory and the greatest heat load. The simply
shaped H2 moderator gives the smallest inventory and heat load, but probably
also the lowest flux of cold neutrons.

Vork is about to be resumed on the development of a multigroup neutronics data
base and other preparations needed to carry out neutron transport and heat
load calculations using Monte Carlo, discrete ordinate or other methods.
Calculations will be carried out for the different concepts and, unless safety
or cost considerations dictate otherwise, the concept which gives the highest
directed cold neutron flux, summed over the three beams, will be selected.

7.3 Neutron Diffraction Study of Deuteron Ordering in Ice V

E.C. Svensson with E.D. Hallman (Laurentian University) and D.D. Klug
and E. Vhalley (National Research Council)

New neutron diffraction measurements were carried out on the sample of D20 Ice
V that was "rescued" when the Displex closed cycle refrigerator failed during
the study commenced in the last period (PR-PHS-P-5: 7.6; AECL-97S8). The
measurements, using 1.000 A neutrons from a Be (110) monochromator at the N5
spectrometer, covered the range of scattering angles, <t>, from 8 to 120°. The
sample, mounted in a Displex refrigerator, was first annealed at 110 K for 3
days to establish maximum deuteron ordering. It was then cooled to 15 K for
the initial measurements. Additional measurements were carried out at 15 K
after a 2 hour anneal at 130 K to produce a partially disordered sample and at
130 K where Ice V is expected to be fully disordered (Y.P. Handa, D.D. Klug
and E. Vhalley, J. de Physique 48 (1987) Cl-435). Measurements were also
carried out at 15 K on the Ice Ic sample produced by heating the Ice V to -160
K and on the empty cell.

The observed differences in the three diffraction patterns obtained for Ice V
show that the degree of deuteron ordering was indeed substantially different
for each "sample". The differences were largest in the region 18.5° < 0 <
22.5" where there is a cluster of the strongest peaks in the spectrum. These
peaks changed in height by at most -51 but also changed slightly in position
so that differences (both positive and negative) as large as -301 of the peak
heights were observed.

Fully disordered Ice V has 28 molecules In a monoclinic unit cell, space group
A2/a. Since, for 24 of the 26 molecules, there are 4 possible deuteron sites
for the 2 deuterons, there are in total 132 atomic sites/unit cell to
consider. We have calculated the diffraction peak intensities for the A2/a
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structure for full disorder (site occupancies 0.5 for each of the 96 deuteron
sites that can have partial occupancy) and for a partially disordered sample
with the site occupancies given by V.C. Hamilton et al (p.44 in "Physics of
Ice", ed. by N. Riehl et al, Plenum, N.Y. 1969). The calculations reproduce
most of the main features of the spectra observed for the fully disordered and
partially disordered samples, and their difference, but the quantitative
agreement Is not adequate. Although a large amount of deuteron ordering is
allowed under space group A2/a, full ordering is not allowed. The space group
appropriate to fully ordered Ice V is believed to be P22/a. Calculations for
this space group are now in progress. Full Rietveld analysis of our results
for Ice V will be carried out as soon as the Rietveld analysis of our Ice IX
results (see PR-PHS-P-6: 7.4; AECL-9859) is complete.

7.4 Rietveld Analysis of Neutron Diffraction Results for Ice IX

E.C. Svensson with D.D. Klug and E. Vhalley (National Research Council)
and E.D. Hallman (Laurentian University)

The neutron diffraction results for D20 Ice IX at 15 K obtained in the
previous period (PR-PHS-P-5: 7.6; AECL-9758) have been analysed using the
Rietveld method, vith the main objective being to determine the degree of
deuteron ordering in the sample.

In Ice IX there are 12 molecules in a tetragonal unit cell, space group
P41212. There are 2 possible sites for each deuteron, and hence 60 possible
atomic sites in the unit cell. The structure allows both ordered and
disordered deuteron arrangements with no change in cell size or symmetry. In
the range (scattering angles <f> between 10 and 120°) covered by our
measurements there are over 500 possible powder lines.

The Rietveld analysis gives a very good description (Rp=4.55Z) of the
experimental diffraction pattern and indicates that the deuterons in our Ice
IX sample were completely ordered. If we try to force some of the deuterons
to occupy disordered sites, then a poorer overall fit is always obtained.
This is the first case in which a sample of Ice IX has been shown to have full
deuteron (or proton) ordering. (Our sample was made at the National Research
Council, Ottawa under very carefully controlled conditions.) La Placa et al
(J. Chem. Phys. 58 (1973) 567) found that about 41 of the deuterons/protons in
their single crystal specimen (which contained -31 H20 and was studied at -110
K) were on disordered sites. Rabideau et al (J. Chem. Phys. 49 (1968) 2514)
also carried out neutron diffraction measurements on D20 Ice IX (at -80 K)
but, in their analysis, they simply assumed full deuteron ordering rather than
attempting to establish the degree of order.

Although the description of our data is very good, and a state of full
deuteron ordering appears to be well established, we are not yet satisfied
with the values of the thermal parameters given by the analysis and are
continuing to investigate the consequences of further adjustments to the
background and of a possible nonuniform spatial distribution of neutron flux
on the sample.
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7.5 Thermal Evolution of Phonons and Spinodal Ordering In Cu3Au

E.C. Svensson with B.O. Gaulln (McHaster University) and E.D. Hallman
(Laurentian University)

Further analysis of the neutron scattering results obtained in the last period
(PR-PHS-P-5: 7.5; AECL-9758) has been carried out. For (2,2,1), a zone
centre point in the ordered phase, the changes in the imaginary part of the
dynamic susceptibility, Im x(Q»u), the quantity which contains the physics of
the system, are essentially complete by 641 K, a temperature at which the
order parameter which describes the discontinuous order-disorder transition
(at Tc = 657+3 K for our sample) still has close to its full value. Host of
the observed changes in Im x(Q,u) for (2,2,1) occur between 613 K (Tc - 44 K)
and 641 K (Tc - 16 K) and, although we do not have measurements at
temperatures between these two, our overall results suggest that the changes
are complete by about 30 K below Tc. It is tempting to identify this
temperature, which agrees with the temperature of a divergence in intensity
extrapolated from diffuse X-ray scattering measurements near a superlattice
point (H. Chen et al; J. Phys. Chem. Sol. 38 (1977) 855) as the lower spinodal
point for CUjAu. Ve are somewhat hesitant to do so however since our results
for (2,2, -0.5), a zone boundary point in the ordered phase, show a different
behaviour.

At (2,2, -0.5), as at (2,2,1), Im x(Q,w) shows two well separated phonon peaks
at temperatures well below Tc but, in contrast to (2,2,1), the two peaks here
evolve differently as the temperature approaches Tc. The lower frequency
acoustic peak has undergone a dramatic change by 641 K whereas the higher
frequency optic peak has changed relatively little. The optic peak then
changes markedly on passing through Tc and by 692 K (Tc + 35 K) Im x(Q»«)
shows just a single broad peak as for (2,2,1). Our results thus show a
complex wave vector dependence not accounted for by a simple classical
spinodal theory. Although the concept of a spinodal transition below Tc will
very likely be a useful starting point, new theoretical developments are
needed to understand our results as well as the results of a recent time
resolved X-ray scattering study (K.F. Ludwig et al, Phys. Rev. Lett. 61 (1988)
1859), which has shown that the kinetics of the ordering process in Cu3Au are
also not adequately described by classical spinodal theory. Ve have carefully
reordered our Cu3Au sample in preparation for additional measurements to help
guide these theoretical developments.

7.6 Structural Phase Transition in the Antifluorite Crystal (NHj)2PbClfi

B.M. Powell with R.L. Armstrong and B. Lo (University of Toronto).

Recent chlorine nuclear quadrupole resonance data (C. Oimitropoulos and J.
Pelzl, J. Mol. Struct., in press) indicate that the cubic antifluorite crystal
(NH4)2PbCl6 undergoes a structural phase transition at 80 K. Neutron powder
diffraction measurements were made to seek evidence for the existence of such
a transition. The measurements were made on the C5 triple-axis spectrometer
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at the NRU reactor. The monochromator was Si(llS). To reduce the background
due to incoherent inelastic scattering, particularly from hydrogen, a graphite
(0002) analyser vas used and set to reflect elastically scattered neutrons.
Profiles were measured over a range of scattering angles from 0 to 120s in
steps of 0.1° at temperatures of 100 K and 4.2 K.

The high temperature structure is cubic (space group 05
h) and the data at 100

K were fitted to a model vith this symmetry. The best-fit (R-factor = 4.72)
vas obtained vith the protons of the ammonium ion pointing avay from the
nearest neighbour chlorines. The protons occupy the Wyckoff f-sites of space
group 0 5

h. The lov temperature data vere fitted to a structure vith trigonal
symmetry (space group C 2

3 i) derived by a distortion along the cubic [111]
direction. Three additional structural parameters are necessitated by the
lover symmetry; the rotation angle of the PbCl6 octahedron about the cubic
[111] direction, a displacement of the NH4 ion along this direction and a
second lattice parameter. An excellent fit to the data (R-factor=4.4Z) vas
obtained vith the protons of the rigid NH4 ion occupying both f and c Wyckoff
sites of the space group.

The neutron diffraction data thus support the contention that
(NH4)2PbCl6 undergoes a ferro-rotative structural transition at 80 K from
a cubic structure (space group 05

h) to a trigonal structure (space group
C 2

3 i ) . The primary order parameter is the rotation of the PbCl6
octahedron about the [111] direction of the cubic phase. It has the value
3.1s at 4.2 K. The displacement of the NH4 ion and a small lattice distortion
are secondary order parameters.

7.7 Phonon Density of States in Xe and Kr Clathrate Hydrates

B.M. Povell vith J.S. Tse (National Research Council).

The thermal conductivity of clathrate hydrates is much less than that of ice
Ih, particularly at lov temperatures (a factor of -20). Further, at higher
temperatures, the temperature dependence of the thermal conductivity is
opposite to that of most crystalline solids. One possible mechanism proposed
to account for this unusual behaviour is that the local modes of the guest
molecule interact vith the host lattice modes and reduce the theraal
conduction (J.S. Tse and M.A. White, J. Phys. Chem. 92 (1988) 5006). In an
attempt to observe such local guest modes, the phonon densities of states for
tvo particular clathrate hydrates have been measured.

The clathrates studied vere Xe hydrate (structure I) and Kr hydrate (structure
II). Both vere in the form of pressed polycrystalline discs - 1.5 mm in
thickness and vere cold-loaded into a Displex cryostat. The inelastic neutron
scattering measurements vere made on the N5 spectrometer at the NRU reactor.
Both monochromator and analyser vere Si(lll) crystals and measurements vere
made vith fixed analysing frequencies, Elf of 5.0 THz and 2.5 THz.
Corresponding resolutions vere 0.47 THz and 0.16 THz respectively. For both
specimens measurements vere made at vave vector transfers, Q, of 2.21 A'1 and
2.94 A'1 and temperatures of 13 K and 30 K.
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At 13 K and Ex = 2.5 THz the scattered neutron distributions at Q = 2.21A1

for both Xe and Kr hydrates show pronounced peaks at 1.8 THz and 2.5 THz. The
intensity ratios of these tvo peaks are 1.6 and 1.4 for Xe and Kr
respectively. Weak "shoulders" are observed at 1.4, 2.9 and 3.3 THz for the
Xe clathrate, while for the Kr clathrate there are shoulders at 1.4 and 3.0
THz. For both specimens the "cut-off" for the distributions is at -3.6 THz.
These features are confirmed by the scans at Q = 2.24 A 1 although the
observed intensities are rather weaker and the resolution rather poorer for
this wave vector. The measurements suggest that the phonon density of states
is very similar for th • tvo clathrates, despite their difference in
crystalline structure. There Is no evidence for any low-frequency local mode
of the guest atom either in the form of a discrete peak or as a broadening of
the elastic line. The temperature dependence of the distributions was
investigated with scans at the lower resolution (Ex = 5.0 THz). For Xe
clathrate the lower frequency peak (1.8 THz) appeared to broaden as a shoulder
emerged at -2.1 THz, while for Kr clathrate the shoulder on the upper peak
appeared to weaken in intensity. The measurements show little evidence to
support the proposed mechanism for the behaviour of the thermal conductivity
in clathrates.

7.8 The Structure of Crystalline d-Formaldehyde

B.H. Powell with B.H. Torrie and S.-X. Veng (University of Waterloo).

Formaldehyde (H2C0) is a simple planar molecule which, at room temperature,
exists as a solid polymer. However, if the solid is formed by vapour
deposition on to a substrate maintained below -200 K, formaldehyde exists in a
crystalline phase. If the temperature of the crystalline phase is raised
above -200 K then the solid polymerizes. With the long-term objective of
studying the crystal/polymer phase transition, the structure of the
crystalline phase at 15 K has been determined by neutron powder diffraction
measurements to establish definitively the molecular configuration.

The measurements were made on the L3 spectrometer at NRU reactor. The
monochromator was Si(115) and the neutron wavelength was 1.46758(6)A. The
profile was measured from 0* tc 120° in scattering angle, with steps of 0.1°.
The systematic absences found among the_ twenty lowest angle peaks indicated a
tetragonal unit cell, and space group P42iC was found to be the most probable.
The complete profile was then fitted to a crystal structure with this space
group containing eight molecules in the unit cell. The structure refined well
with this model to an R-factor of 3.3Z, allowing all atomic positions and
anisotropic thermal parameters to be determined. The tetragonal lattice
parameters were found to be a - 8.4826(3)A and c = 4.4592A. The structure is
made up of four-member "squares" of formaldehyde molecules, the members being
linked by strong C-0 bonds. There are no very short bonds between "squares",
so the "intersquare" bonding is through van der ffaals and electrostatic
interactions.
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The temperature dependence of the three most intense peaks was examined by
measurements at 50, 100, 150 ana 200 K. There is no change in these peaks up
to 150 K, strongly suggesting that no other crystalline phase exists.
However, between 150 and 200 K all the high-angle peaks vanish and only four
broad, diffuse low angle peaks remain. Ve interpret the loss of the discrete
Debye-Scherrer peaks as a transition from the crystalline phase to a polymer
phase with no long-range order. If the polymer phase is then cooled to 15 K,
the diffraction profile is indistinguishable from that at 200 K. This
suggests that the polymer phase is the most stable form of formaldehyde End
the crystalline phase can be obtained only under "extreme" conditions. The
nature of the crystalline-polymer transition will be further investigated by a
detailed study of the temperature dependence of the crystal structure as the
transition is approached.

7.9 Vacancy Properties in Cu3Au-type Ordered fee Alloys

S.M. Kim

A theory of vacancy formation in Cu3Au-type ordered fee alloys has been
formulated. In this theory, which is based on the pairvise bonding model, the
lowering of the free energy due to the relaxation of the atoms surrounding a
vacancy has been explicitly taken into account. Various shortcomings in the
previous theoretical calculations on the vacancy concentrations in ordered fee
alloys have also been Identified. The theory was then applied to ordered
Cu3Au and N13A1. It was found that vacancy concentrations in these alloys can
be well characterized by temperature-independent formation energies. The
value of the formation energy in Ni3Al agrees veil with that determined by the
positron annihilation technique. The vacancies in ordered Cu3Au and Ni3Al are
found to be mostly located on the A atom sublattice (A=Cu,Ni) due to a much
smaller increase in the crystal bond energy when an A atom jumps to a vacancy
on the B atom sublattice than vice versa. Also, structural vacancies are
found to be highly unlikely to exist in Ni3Al in agreement with recent
experimental observations.

7.10 Vacancy Concentrations in Disordered loys

S.H. Kim

A theory of vacancy formation in multi-component disordered alloys has been
formulated. This theory is based on the pairwise bonding model which has been
shown to describe satisfactorily many of the observed defect and diffusion
properties in highly ordered alloys. A simple analytic expression has been
obtained for the vacancy concentrations in disordered alloys of arbitrary
composition. For binary compositions, this expression reduces to the equation
already derived (Phys. Rev. B 30 (1984) 4829). The vacancy concentrations in
many disordered alloys could be well characterized by temperature-independent
formation energies. The composition dependence of vacancy formation energies
in several disordered alloys has previously been studied experimentally using
such techniques as positron annihilation and electrical resistivity. The
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observed composition dependence of vacancy formation energies in most of these
alloys is found to be veil described by the present theory.

7.11 Characterization of the Beta Phase in Zr-Nb Alloys Using
Sunerconductivi tv

B.B. Vhalen, R. Donaberger, D.P.. Noakes with B.C. Skinner (Materials
Science Branch)

The cubic beta phase appears in saall anounts (relative to the dominant alpha
phase) in CANDU reactor pressure tubes made of Zr(2.5Z Nb) and is believed to
be the phase In which most hydrogen diffusion occurs, once hydrogen has
entered the tube material. The detailed microstructure of the beta phase in a
pressure tube is difficult to establish because of its small relative volume.
It is very important to determine whether the beta phase forms a continuous
path for the diffusion of hydrogen across macroscopic distances in a tube. In
addition to being a better hydrogen conductor than alpha phase, beta-Zr-Nb is
also superconducting with Tc above 7 K while the alpha phase has Tc belov 3 K.
Measurements of the superconducting path at or above liquid helium temperature
(4.2 K) thus will provide information on the beta-phase hydrogen diffusion
path.

Apparatus was assembled to measure the (4 probe) resistance versus temperature
of samples of Zr-Nb alloys that had been subjected to several different heat
treatments similar to those pressure tubes might undergo in fabrication. In
samples representative of as-extruded tube, where the hydrogen diffusion rate
is typically high, superconducting transitions of small width (0.3 to 0.6 K)
occurred, indicating a well-established continuous beta-phase path through the
samples.

In three samples that were as above but then heat treated with the intention
of breaking up the beta-phase into isolated droplets, two showed broadened
(width >2 K) superconducting transitions, while the third remained resistive
down to 4 K. In the two superconducting samples, the onset temperature where
resistivity first noticeably decreased, was higher than in the first as-
extruded set, indicating enrichment in niobium as expected as part of the
break-up process. The broadening of the transition indicates that the beta-
phase path through the sample is less well connected, but if it is broken, the
breaks are short enough to be bridged by the superconducting wave function,
making a granular superconductor. In the third sample, the supposedly
identical heat treatment has destroyed the beta path much more effectively,
suggesting that there is some uncontrolled parameter in the heat treatment
that should be investigated.

In addition to these low-current measurements, apparatus was constructed to
measure the critical current at liquid helium temperature, which is related to
the minimum beta-phase cress-sectional area perpendicular to the conduction
path. These measurements varied over a factor of two for three as-extruded
samples, and generated similar values for the two superconducting granular
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samples, contrary to expectation. It appears to be difficult to attach high-
current leads to the samples in a reproducible manner.

Agreement has been reached with the Fuel Channel Components Branch to carry
out a joint program to develop this new technique into a practical method for
pressure tube characterization.

7.12 Neutron Scattering from Silica Fractals

J.H. Root and V.J.L. Buyers with J.H. Page (University of Manitoba) and
D.W. Schaefer (Sandia National Laboratories)

Neutron inelastic scattering measurements have been carried out of the density
of states in various preparations of silica. These Included fractal aerogel
from hydrogenous precursors (Aerogel #6) and deuterated precursors (Aerogel
#1), a fractal fumed silica (Cab-O-Sil H5) and a non-fractal reference sample
of fused quartz. The samples corresponded to mean radii of constituent glass
particles of 5 A, 100 A and infinity, respectively. The experiments were
performed on the N5 spectrometer, at 300 K, 77 K and 4 K, with inelastic scans
obtained for vave vectors, Q, of 1.5, 2.9 and 4.0 A'1. Scans of S(Q,O) at
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300 K revealed dramatic differences between samples (figure above left). The
aerogel sample had the videst tail of scattering from low Q and the lovest
amplitude of oscillations, while the highest amplitude and shortest lov-Q tail
were observed in the fused quartz. Scans of S(Q,w) at 4 K, and Q = 2.9 A'1

(figure above right) revealed more inelastic scattering from the aerogel than
from fused quartz, compared to the Intensities of the respective elastic
peaks. Apparently, the non-equilibium glass structure of the aerogel permits
the existence of dynamical modes in the regions 0.3 to 1.0 and 1.5 to 2.8 THz
which are not present in fused quartz. The peaked structure in the inelastic
scattering shows that fracton models describing the density of states as a
simple power law are not valid at the high frequencies of the present
experiment. Previous analyses of low density aggregates at higher
temperatures by such fracton models are thus called into question. Finally,
the expected Q dependence for one-phonon scattering was observed only for Q <
3 A"1 and T = 4 K.

7.13 Residual Stress and Grain Size in Alumina/Mullite Composites

J.H. Root with J.D. Sullivan (Fu_l Materials Branch) and B.R. Harple
(Pennsylvania State University)

Mullite is introduced into alumina by an infiltration/sintering tech lique in
an effort to Improve the toughness of alumina against crack propagation. The
region of mixed phases of alumina and mullite extends to depths dependent on
the duration of the infiltration process. Neutron diffraction was employed to
measure the components of strain parallel and perpendicular to the axes of
cylindrical pellets (diameter 20 mm and height 10 mm) having infiltration
depths 0 mm, 1.5 mm and 5 mm. Strains were determined as shifts in the
alumina (201) Bragg peak position, and mapped as a function of depth below the
top surface of the pellet in 1 mm steps. In the uninfiltrated pellet, there
were no significant strains. In the partially infiltrated pellet (1.5 mm) the
strains were consistent with a radially directed compression at the pellet
surface and radially directed tension at the pellet centre. These observations
were consistent with a model of cooling the pellet from the sintering
temperature when the composite outer shell has a lower coefficient of thermal
expansion than the inner bulk of pure alumina. In the fully infiltrated
pellet (5 mm), the same pattern of strain was observed to be superimposed on a
hydrostatic tension sufficiently large to make all strain components positive
throughout the pellet. During the experiment, it was recognized that we were
able to map out regions of enhanced grain growth within the pellets by the
behavior of the Bragg peak intensity variations. The presence of compression
at the surface of structural ceramics enhances fracture resistance. The
presence of an overall tension defeats this advantage, and large grains
constitute sites for crack initiation. Thus, the information gained by
neutron diffraction experiments on structural ceramics promises to be valuable
in the analysis of materials and components of this type.
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7.14 The Neel Transition In Cr-V Alloys

D.R. Noakes and T.M. Holden, with P.C. de Camargo (Univ. Federale de Sao
Carlos, Brazil) and E. Favcett (Univ. of Toronto)

In a triple-axis neutron scattering study of single crystals of Cr(0.2ZV) and
pure chromium, ve have established that the Neel transition to a transversely
polarized incommensurate spin-density-vave state, at 288.7 K in Cr(0.2XV) is
continuous, in contrast to the well-known discontinuous (first-order)
transition in chromium (at 310.1 K in our pure sample). Ve have observed
diffuse critical scattering in inelastic scans near (001) for both samples.
The intensity of this scattering, when normalized to the intensity of phonons
and incoherent elastic scattering in the two samples, is weaker in the
Cr(0.2ZV) sample by an amount compatible with the known reduction in the
chromium magnetic moment caused by vanadium alloying. Elastic magnetic
scattering persists above TN as broad peaks near the former magnetic Bragg
positions. Radial scans through (001) at 0.5 THz constant energy transfer in
the Cr(0.2ZV) sample clearly peak t positions near, but slightly to the
commensurate side of, the elastic-scan peaks at the same temperature, whether
this be above or below TN. Also, there is significant intensity at the
commensurate position in these scans, which is the tail of the diffuse
scattering from the four satellites at transverse and vertical separation from
(001). This occurs even though the transverse and vertical resolution was
good enough that the tails of the corresponding magnetic Bragg peaks are not
observed in radial elastic scans. Meanwhile, radial 0.5 THz scans in pure
chromium give much less distinctive broad flat-topped lines centred on the
commensurate position, but this difference may merely be due to the smaller
discommensuration in pure chromium. The intensity of the inelastic scattering
in Cr(0.2ZV) peaks at a temperature closer to 290 K than 288.7 K (which is the
temperature above which the elastic scan peaks are significantly broadened).
A similar temperature discrepancy for pure chromium was previously reported by
other authors.

The overlap from the other four satellites at the commensurate position for
inelastic scattering means that a function to fit the data must sum the
contribution from the six points in q-space where the cross-section will
diverge at TN. A standard mean-field-like form for the critical scattering at
each of these six points provides a fair first approximation to the data, but
cannot cope with the variation in the peak position with energy in Cr(0.2ZV).
Possible alternative forms are being investigated.

7.15 Longitudinal Magnetic Excitations in Integer-Spin Systems

Z. Tun and V.J.L. Buyers

The magnetic spectrum of CsNiCl3 in the 3-dimensionally (3-D) ordered phase
(T<4.4 K) was originally described with the standard linear spin-wave theory
in which a single-site anisotropy D much larger than the true value was
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phenomenologically introduced in order to explain the observed gap mode at
(1/3,1/3,1) (Morra et al, Phys. Rev. B 38 (1988) 543). It has been known for
some time that this model predicts wrong magnon symmetries (PR-PHS-P-4: 7.18;
AECL-9680) but was believed to reproduce frequencies very well (Steiner et al,
J. Appl. Phys. 61 (198/) 3953). A recent neutron scattering experiment shows
that the apparent agreement for frequencies within the regions of Q-space
previously studied was fortuitous: actually frequencies as well as neutron
intensities are in serious disagreement with the linear theory. For example,
a constant-Q scan at (0.9,0.9,0.97) shown in Fig. 1 revealed that there is no
z-symmetry magnon at 0.33 THz (Dj*O model), at least not with the expected
intensity. This was not known before since the measurements were carried out
at (001) where the intensity of z-symmetry magnons was expected to be zero due
to the (1-Qa

g) factor in the scattering cross section.

200-

CsNiCI, 10 9. 0 9, 0.97)
E, = 2.0 THz
T = 1.5 • 0.1 K

01 02 03 04 05 06 0 7 08 09

FREQUENCY (THzl

Figure 1: Constant-Q scan near the magnetic •.„») center (111). The arrows
and the numbers represent expected magnon frequencies and associated relative
neutron intensities according to the standard spin-wave theory with finite D
(D*0 model), and to Affleck's field theory (D*=0 model). The new longitudinal
modes are denoted by L.
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A qualitative explanation of existing neutron data, both in the 1-0 and 3-D
phases, is p-jvided by a new field theory for spin waves developed by Affleck
(submitted to Phys. Rev. Lett.)- For CsNiCl3, the theory adopts D-0 and the
observed gap moc^ at (1/3,1/3,1) is explained by Introducing a novel type of
magnetic excitai-on that corresponds to fluctuations in the magnitude of the
spin vector $ rather than its direction. These longitudinal modes account for
the triplet mass gap, known as the Haldane gap, in the 1-D phase and are
consistent with the observed * periodicity of Haldane nagnon in Q-space (PR-
PHS-P-5, 7.18; AECL-9758). In the 3-D phase the triplet mode is expected to
split into transverse and longitudinal modes (D=0 model in Fig. 1). The broad
single peak seen in the scan can be associated with the closely spaced aagnon
branches around 0.45 THz. The agreement is satisfactory in view of the
approximate nature of the field theory. Re-analysis of constant-Q scans at
other positions gives similarly good agreement supporting the existence of
longitudinal excitations in integer-spin systems.

7.16 Polarized Neutron Scattering fr.>n Holmlum

Z. Tun with B.D. Gaulin and and T.E. Mason (HcNaster University)

Polarized neutron measurements were made of the magnetic satellites in the
spiral phase of holmium below 132 K. The flipping ratio on the (002) nuclear
peak at Ex = 3.52 THz was optimized to be 20:1 with the polarization vector
placed in the scattering plane with the horizontal-field magnet cryostat. The
flipping ratio on the magnetic satellite at (0,0,2+0.27) was 1:8. If the
magnetic guides and the neutron spin flipper were moved so as to maximize the
flipping ratio on the magnetic satellites, a ratio of 1:20 could be obtained
while flipping ratio on the reflection (002) decreased to 8:1. The reason for
this discrepancy is unknown. However, it was noted that the sum of the up-
and down-spin neutrons was not conserved in the optimization process,
suggesting that inhomogeneous fields are present.

7.17 Multldetector Control Program

M. Potter and B.M. Powell with G.H. Keech (Mathematics and Computation
Branch)

The 13-element control program (PR-PHS-P-4: 7.24; AECL-9680) was upgraded to
support the 30-element detector array. A new scan mode was written to collect
data over the total range of scattering angles. This enables powder
diffraction measurements to be made approximately 30 times faster than with
the previous method of collecting data using a single detector. The
resolution of the 30-element array is approximately 10Z better than the single
detector configuration.

The increased data collection rate resulting from the use of the 30-element
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detector array has made it necessary to modify all the data handling and
analysis programs. The following programs have been modified:

(a) Screen Editor Program (PR-PHS-P-5: 7.24; AECL-9758)
(b) GUSFIT - Gaussian Pitting Program
(c) TRANS - Program to re-format data so it can be transferred to other

computer systems for analysis
(d) PLOT - Data Plotting Program (PR-PHS-P-1: 7.18; AECL-9262)

7.18 Spectrometer Control Network

H.M. Potter

A MicroVAX II 'super host' computer has been added to the Spectrometer Control
Network (PR-PHS-P-1: 7.17; AECL-9262) in Bldg. 150 and the PDP-11/34 host
computer has been replaced with a MicroPDP11/23+ computer system. The RT-11
operating system on the MicroPDPll/23+ and the STAR-eleven network have been
upgraded to the current versions. The MicroVAX computer system which is part
of the DUALSPEC project is linked to the existing STAR-eleven network by
Ethernet. The Ethernet link Is supported by a software product called TPnet.
TPnet enables fast, transparent transfer of information between the STAR-
eleven network and the MicroVAX. Because TPnet supports transparent file
format conversion between the systems, the existing Spectrometer Control
Programs run unaltered while writing the output data directly to the MicroVAX.
Only the C4 Spectrometer control has been transferred to the updated network
so correct operation could be verified before a complete changeover to the new
system.

The MicroVAX II is connected to the CRNL X-25 Network. This connection is
supported by a product called PSI (Packet Switching Interface). PSI supports
all the network functions such as remote user log in, a mail facility and the
ability to log in to remote computer systems. PSI in conjunction with KERMIT,
NETNORTH, BITNET and other facilities can be used to transfer data to remote
sites.

A package of data analysis and plotting programs acquired from TRIUMF at UBC
has been installed on the MicroVAX. Included in the package are the data
analysis and fitting program OPDATA, the data plotting program PLOTDATA, and
EDGR a program that can be used to edit graphical output from the analysis and
plotting programs.

7.19 D-3 Closed-loop Helium Refrigeration System

H.F. Nieraan and P.A. Moss

The D-3 closed-loop helium refrigeration cryostat was assembled, tested and
used successfully in an experiment in August-September 1988.
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The Model 350 CT1 system has the capability of supplying refrigerating power
of 20 vatts at 77 K and 5 watts at 20 K. The two radiation shields and outer
vacuum cans were designed and manufactured at CRNL. Vith this system it is
possible to transfer specimens directly from a nitrogen bath to the D-3
cryostat without a significant rise in the specimen temperature. It is
possible to control accurately the temperature of the specimen over the range
of 10 K to 300 K for long periods of time (days).

7.20 Preparation of Silicon Monc

H.F. Nieman

Three single crystal slabs were hot-pressed (PR-P-139: 3.13; AECL-85S4) using
the facilities at Department of Energy, Mines and Resources in Ottawa. The
pieces were 11.5 cm O.D. by -5 cm thick and were hot-pressed on the (111) face
at 1200°C at a pressure of -21 MPa. The mosaic width (PWHH) varied between
.13* and .24*. These crystals will now be cut such that the (331) or (551)
faces will be in perfect reflection.

An earlier hot-pressed slab (331) face has been mounted as a monochromator.
Comparison tests with other proven silicon monochromators performed using the
E13 (NRX Reactor) monochromator position indicate that this latest
monochromator is the best (331) reflector to date. A similar slab (331 face)
will be mounted in the near future.

7.21 Reactor Beam Hole Use

H.F. Nieman

The total NRU operating time was 149 days. The Guelph University spectrometer
operated for 80Z of the available reactor operating time. Utilization of the
other occupied beam holes was as follows:

No. of No. of Efficiency
Participating Participating (X of available reactor

Beam No. of CRNL Non-CRNL operating time used for
Hole Experiments Scientists Scientists experiments

C4 4 4 1 80
C5 10 5 7 96
L3 28 3 5 98
N5 10 8 10 98

7.22 Sudburv Neutrino Observatory

E.D. Earle, E.T.H. Clifford with G. Milton (Environmental Research
Branch) and the SNO collaboration.
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The report of the International scientific and technical review committee on
the SNO proposal (SNO-87-12) was tabled. This report was very positive and
contained the following recommendations:

1) unanimously and strongly recommend its approval and funding as proposed
2) because of the heavy vater constraints (long-term availability can't be

guaranteed) it should be funded at the earliest possible date
3) the interim funding of $128 K (for INCO work) should be made available

now.

NSERC recommended that the collaboration submit an application for SNO to
become one of the federal networks of centres of excellence and this
application has been submitted. The collaboration membership has been
increased not only by additional scientists from participating institutions
but also by a Los Alamos National Laboratory group headed by H. Robertson and
by C. Valtham from the University of British Columbia.

Members of the collaboration continue to work on various details of the
project in anticipation of project funding. We are seriously evaluating a
spherical design for the acrylic vessel and evaluating photomultipliers from
several manufacturers. In view of the funding delays we are exploring the use
of reflecting cones around each photomultiplier as a way to increase the light
collection efficiency of the detector (one of the review committee
recommendations). We have also begun an investigation of neutron sensitive
scintillators with the intention of finding a better means of measuring
neutrino neutral current Interactions than the doping with NaCl method
detailed in the proposal. Natural radioactivity in materials, i.e. PMTs and
acrylic, continues to be the major technical challenge.

At CRNL, we have concentrated on the design of the spherical vessel, the
process systems to be placed underground, background calculations and
measurements, the expected quality control and project management procedures
that will be required and trace analysis of acrylic for Th and U.

7.23 Trace Analysis for Th and U in Acrylic

B.O. Earle, E.T.H. Clifford and R.J.E. Deal with N. Elliot (General
Chemistry Branch) and J. McLaren (National Research Council)

Many more samples of acrylic have been vaporized and the residue analysed for
232Th and 2 3 8U. In addition to Polycast material already reported (PR-PHS-P-
5: 7.34; AECL-9758), we have examined Cyro, Rohm and specially prepared
Polycast material. The Th and U content of all samples is similar and about a
factor of 2 to 5 larger than we would like.

In order to increase the number of samples handled per month, we have
attempted to clean the vaporized residue from the suprasil tubes at CRNL and
send the evaporated acid wash to NRC for mass spectroscopy. At present our
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procedures are introducing contamination in some samples. We anticipate that
a clean-air acid fume hood will solve this contamination problem, enabling us
to handle more samples and to explore the source of the acrylic
radioactivity.

Ve are supplying Queen's University vith samples of residue for Th and U
analysis by proton induced X-rays (PIXE) and General Chemistry Branch vith
residue for neutron activation analysis. The chemical reduction of post
neutron irradiated acrylic, followed by precipitation of the Fa and Np for
gamma counting is being developed by General Chemistry as a technique to
measure the Th and U content which avoids the vaporization procedure common to
the other measurements.

7.24 Background Measurements for the SNO Detector

E.T.H. Clifford and B.D. Earle vith P.Y. Wong (Mathematics and
Computation Branch), H. Lee (Queen's University) and D. Hallman
(Laurentian University)

Gamma ray and neutron flux measurements have been performed in the Neutrino
Drift at the 6800 foot level near the proposed site of the SNO detector.
A 12.7 cm diameter by 10.2 cm Nal(Tl) scintillation counter was used for the
gamma ray measurements. The spectrum vas counted for 350 hours. The
intensity for gamma rays greater than 10 MeV vas found to be very lov and it
will be necessary to use a much larger crystal to measure the high energy
gamma rays.

Neutron measurements were performed vith a Chalk River Model BP-28 neutron
counter. In order to investigate the energy spectrum for the neutrons,
measurements vere made vith different thicknesses of moderator surrounding the
detector starting vith the bare detector, then successively adding a 2 cm
polythene sleeve and up to 7.6 cm of paraffin vax around the counter. The
observed rate vas a factor of two higher than the rate measured at the 5400
foot level (SNO-85-3) vhere it is believed that vooden support structures vere
acting as a moderator. Calculations have been performed using the ANISN
neutron transport code to compare the observed spectrum vith the expectation
based on the known composition of the norite rock surrounding the drift. The
calculation and the measurement agreed to better than 30Z except in the case
vhen no moderator vas present; vith no moderator present the experimental
result vas higher than the calculated value by an order of magnitude.

See also Studies Related to the Sudbury Neutrino Project by G.M. Milton et al
(PR-PHS-P-5: 7.33, AECL-9758).

7.25 Stretched Steel Neutron Colllmator for Multidetector Array

G.A. Sims and B.M. Povell vith V.E. Muth and V. Mellors (Mechanical
Equipment Development Branch)
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In order to ensure that the detectors of the 30 element multidetector array
(PR-PHS-4: 7.24; AECL-9680) do not see the unwanted background scattering from
the sample container, a fixed, converging collimator will be placed
immediately before the detector bank.. This collimator vill be of the
stretched steel design developed for DUALSFEC (PR-PHS-P-4: 7.21; AECL-9680).
It vill contain 15 Gd-coated stainless steel blades. The blades have
dimensions of 42.4 cm x 37.3 cm and are 0.05 mm thick. They are extremely
fragile. The Gd coating was carried out with a similar technique to that used
for the p ototype DUALSPEC collimator (PR-PHS-P-4: 7.21; AECL-9680). The
cor •?«- J blades are now being assembled into the collimator.

7.26 Progress on DUALSPEC

B.H. Powell, V.J.L. Buyers, M.M. Potter, H.F. Nieman, M.M. Montaigne,
R.J.E. Deal, with V.A. Mellors (Mechanical Equipment Development) and K.
Walton, J. Ormstrup and P. Lemay (Plant Design)

The design of the monochromator shielding drums, the yokes and the associated
shielding is complete and the drawing sets have been released for tender.

The filter modules, the white beam collimation plugs and the monochromator
shielding wedges are being manufactured.

Drawings for the exit beam tube, the beam gate actuator, the white beam
collimators and the monochromator drum drives have been released for
estimating.

Design work is complete on the rotary beam gate and collimator module, the
reactor face modifications and the triple axis sample table. The drawings are
being checked.

Current design work is concentrated on the reactor face adaptor plates, the
triple axis analyser and the monochromator instrument stacks.

All the Frank and Heydrich ground modules and the rotary and linear tables
have been delivered.

Electro-chemical metallizing is being investigated as a means of coating the
white beam collimator blades with cadmium. This will avoid the problems
associated with painted coatings (See PR-PHS-P-6: 7.27; AECL-9859).

A prototype "dance floor" is being poured near the T3 beam hole in NRU. This
is providing experience for the personnel who will be involved in the
construction of the DUALSPEC floor and will provide information on the
durability of the intended "dance floor" in the NRU environment.

The design of the count inhibit control, monitor input control, and flipper
coil control is complete and units are being assembled. A commercially
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available satellite positioner vill be used to position the filter assembly.
A unit has been selected and purchased. The positioner nust be tested to
verify that it vill give the required accuracy.

The design of the motor control system which consists of an encoder interface,
motor translator and remote manual unit is in progress. The preliminary
designs for the encoder interface and notor translators are complete and P.C.
boards for prototyping are being manufactured.

The design of the beam gate control is scheduled to be completed by mid-April.
Design of the wedge control system vill commence about the same time.

7.27 Tests of Gd Coating for DUALSPEC Collimators

G.A. Sims, J.G.V. Taylor, H.F. Nieman and B.M. Powell with V.J. Edwards
and L.P.V. Corriveau (General Chemistry Branch)

Four of the stretched-steel collimators to be used in DUALSPEC vill be located
in the rotating gate set in the reactor wall. There, they will be subject to
an intense radiation field. After installation, these collimators will be
virtually inaccessible and the Gd coating on the blades must thus maintain its
integrity for their lifetime (-20 years). To ensure the required performance
from the coating, different carriers for the Gd2O3 powder are being tested to
find the most suitable.

Two small (2.0 cm x 1.0 cm) pieces of the stainless steel blade material were
each coated with Gd2O3 using polyurethane as a carrier. They were both baked
for -60 hours, one at 50cC, the other at 135°C. The pieces were then
irradiated for 24 hours in the HCF facility. This is equivalent to - 30 years
irradiation in the DUALSPEC rotating gate. After removal, the test samples
were examined visually. Both showed evident signs of damage; cracking,
peeling or flaking of the Gd coating. Thus, this carrier is not satisfactory
for use in the DUALSPEC collimator. Nor is Synocryl 9122X (acrylic polymer)
which also failed in earlier tests.

A search for more radiation resistant carriers is in progress.

7.28 High Voltage Mass Separator (HVMS)

G.A. Sims with J.D. Bonnett (Physical Chemistry Branch)

During this period, the HVMS operated satisfactorily except for down-time due
to failed turbomolecular pump bearings. The problem of shortened bearing life
has not been solved.

Ten implants of 82Se in mineral samples were completed under contract to
Surface Science Vestern. The samples were implanted with rastered dosages of
2 x 1013ions/cm2 at a terminal voltage of 1.2 HV.
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A series of sequential Irradiations (1.5-1.0-0.5 MV) vas done to produce
controlled radiation damage in Si sanples using 40Ar beans of 200-300 uA.
These sanples will be studied by Advanced Materials Research Branch.

7.29 3He Neutron Detectors

J.J.-P. Bolduc, G.A. Sims and J.G.V. Taylor

To improve the gas gain in the multivire detector vith 4 mm spacing (PR-PHS-P-
5: 7.38; AECL-97S8) a nev anode assembly vith 15 jim Au-coated V vires at 4 mm
spacing vas constructed and the CF4 gas pressure reduced from 200 to 150 kPa.
This resulted in adequate gas gain and acceptable energy resolution at
somevhat lover efficiency. Two of the anodes, however, gave poor spectra
vhich could not be improved by cleaning the vires. Optical microscopy snoved
that these vires had some thicker sections. Electron microscopy by Systems
Chemistry and Corrosion Branch identified these as gold vith some traces of
silicone. It is not known if the excess gold vas a manufacturing defect in a
short length of vlre or if it had migrated or spattered vhen the wire ends
vere soldered (but no tin or lead from the solder vas seen). A silicone resin
is used to provide a moisture seal on the edges of the FR4 anode frame. In
future all vires vill be examined vith an optical microscope before the
counter is assembled and shielded during soldering operations.

The Thermalhydraulics Branch at WNRE asked how long it should take for a
typical 3Be counting system to recover completely vhen pover vas restored
after an outage. Tests at CRNL shoved that a typical system should stabilize
to its pre-outage gain and efficiency in an hour or less. A system used vith
a steam quality monitoring system at WNRE vas taking aore than a da' to
recover its original gain. Our tests suggested that the slov recovery of the
WNRE system might be attributed to the unfavourable geometry of their 3He
counter, short and rectangular vith a large surface to volume ratio and
insulators exposed to the neutron beam. Subsequently the WNRE system vas
improved by the adoption of a conventional cylindrical counter vith the
insulators out of the beam.

7.30 Residual Gas Testing

G.A. Sims

A testing programme using a residual gas analyser vas initiated to investigate
the vacuum compatibility of various materials and adhesives selected for the
construction of gas-filled radiation detectors.

Initial tests on FR4 (epoxy-resin) board have shown no traces of the halogens
reported in a MIT publication. However, vater vapour vas found to be a major
contaminant that is very difficult to eliminate. Vater vapour vas also in
evidence during tests on the electronic components (resistors and capacitors)
for the anode boards, but acceptable levels from these components vere
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obtained after baking at 100°C. This also applied to the Macor (machinable
ceramic) that appears to be a viable material for the anode boards.

Although UV cured epoxy adhesives proved to be very convenient for the
construction of anode board assemblies, they were found to be unsatisfactory
owing to excessive outgassing.

Further evaluation tests and treatments are continuing.

7.31 Fast-Neutron Detector Repair

G.A. Sims and J.G.V. Taylor

A 15-cm diameter spherical proton-recoil detector (Type SP6) was repaired for
Bubble Technology Industries. This detector, made many years ago at AWRE
Aldermaston, had suffered a loss in efficiency caused by a slow leakage of its
original 500 kPa Ar-10%CH4 filling. It vas judged impractical to top up the
existing filling because the filling stub had been crimped and welded. The
crimped part of the tube was cut off, a pumping/filling line attached, the
counter pumped and baked to a final pressure of 7 x 10"5 Pa and refilled to
507 kPa with Ar-10%CH4. A small leak detected where the anode lead entered
the glass insulator was sealed with epoxy cement before refilling. From
experiments with similar stainless steel tubes a reliable procedure was
developed for recrimping and welding the filling tube. No leaks were detected
in the refilled counter.

7.32 Bragg-Curve Detector for AMS

G.A. Sims, J.G.V. Taylor and H.C. Spenceley with K.V. Allen (Oxford
University) and H.R. Andrews (Nuclear Physics Branch).

A Bragg ionization chamber to discriminate 36S from 36C1 (3 x 105 a) by AMS
(Accelerator Mass Spectrometry) at TASCC has been designed, constructed and
tested. Alpha-particle spectra gave resolutions of about 100 keV FVHM over a
range of gas pressures. Subsequently the chamber has been modified by
increasing the drift field length from 14 to 22 cm to improve the
discrimination ratio. Tne longer chamber will be ready for testing early in
1989.

7.33 Phoswich Detector Repairs

G.A. Sims

Twenty-five commercial phoswich detectors purchased for MARS had optically
poor bonds at the phototube/E (slow scintillator) and/or the E/AE (fast
scintillator) interfaces. Also eight detectors had unacceptably large gaps
between the phototubes and light shields; these were filled with Modelling
clay and R313 epoxy. Eccobond 45 (black) was used to secure the light shield
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and mylar tape together in order to obtain a light-tight seal. A total of 35
optical bonds were repaired with Bicron BC600 optical epoxy. The repaired
detectors were tested by Nuclear Physics Branch and all found to be within
specifications.

7.34 Preamplifier Tests for AnB and toB-y Coincidence Counting

R.J.E. Deal, J.J.-P. Bolduc and R.H. Hartin

Tests were performed to determine the : uitability of a commercial preamplifier
as a direct replacement for the 18-yeat-old CRNL-built preamplifier used with
4JI/J counters. This older preamplifier accepts a vide dynamic range without
overloading by compressing the output range, a characteristic which is
acceptable since a linear response is not required in this application. From
the tests, it appears that no direct replacement is available and that any
unit used would have to be modified to combine the vide dynamic range and
timing capabilities of our existing preamplifier.

7.35 International Comparison of 1 2 5I

R.H. Martin and J.G.V. Taylor

Measurements for the comparison (PR-PHS-P-5: 7.41; AECL-9758) were completed
and the results submitted to the BIPH. A summary of the measurements made by
other participating laboratories is not yet available. Measurements were made
by the sane three methods used in a trial comparison (PR-PHS-P-3: 7.41, 7.40;
AECL-9503) except that the sum-peak coincidence measurements were made with a
Ge instead of a Nal(Tl) detector. The much better resolution of the Ge
detector gave good separation between the sum and singles peaks but the lower
intrinsic efficiency gave a lower sum-to-singles count ratio resulting in an
overall uncertainty still somewhat greater than for the other methods as shown
below.

Method Activity concentration. MBq.g'1

(1) Ge sum-peak coincidence 2.0281 ± 0.0037
(2) Nal(Tl) x-x coincidence 2.0288 ± 0.0011
(3) 4ae-x coincidence extrapolation 2.0262 ± 0.0009

Weighted mean 2.0273 ± 0.0009

The uncertainties are Type A (one standard deviation random uncertainties)
combined in quadrature with Type B (systematic uncertainties estimated as
equivalent to one standard deviation). Considerable effort was made to
improve the precision of methods (2) and (3) to see if they gave any real
difference in the derived activity concentration. Method (3) does not involve
a decay-scheme-dependent factor of =0.998 which is common to methods (1) and
(2) but does involve an efficiency extrapolation. The difference between (2)
and (3), (0.13 ± 0.07)* is scarcely significant but a bias of 0.1 to 0.2Z
between the methods is not excluded.
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7.36 The Half-Life of 137Cs

R.H. Martin and J.G.V. Taylor

A preliminary value for the half-life of 137Cs was reported (PR-PHS-P-3: 7.43;
AECL-9503) as 10934 d with a Type A (random) uncertainty of ± 6 d. Possible
sources of systematic error had not yet been investigated; it was suspected
they could cause a bias of as much as IX (or = 100 d).

A problem in measuring long half-lives by following the change in activity
over periods of years is the stability of the measuring system. To compensate
for this, all our ion-chamber measurements are made relative to 226Ra
reference sources. Although the half-life of 2 2 6Ra is believed to be well
known (1600 ± 7 a) the effective half-life of sealed Ra sources is longer
depending on their age, which determines the degree of 210Pb-226Ra
disequilibrium, and the response of the measuring system to the ingrowth of
22-a 210Pb or, principally, to its daughter, 2 1 0Bi. These effects have been
investigated in detail. The net result is that the effective half-life of our
youngest 226Ra source was about 1780 a over the measurement period 1980-1988,
and the net correction to our X37Cs half-life was about +(17 ± 2)d.

At the beginning of the measurement period the 137Cs contained a small amount
of 2.06-a 13iCs which was neglected in the preliminary analysis. The initial
134Cs/137Cs activity ratio was 0.010Z which gave an ion-chamber response ratio
of 0.027*. The correction for this l2*Cs impurity to our 1 3 7Cs half-life was
about +(14 ± 2)d.

Uncertainties in these corrections for 210Pb-22'Ra disequilibrium and 134Cs
impurity contribute to the overall uncertainty in the 1 3 7Cs half-life but
inclusion of the corrections significantly reduces the random uncertainty
(X2)in the least-squares fit to the extent that the final combined uncertainty
is almost the same as the random uncertainty quoted earlier. At the end of
the period, our best value for the 137Cs half-life was (10969.1 ± 6.5) d. The
effects of small changes in the fitting procedures and input parameters for
the corrections are still being investigated.

7.37 Tests of Least-Squares Fitting Procedures

R.H. Hartin

In the analysis of 137Cs half-life measurements two least-squares fitting
procedures were compared. The older routine regularly used is somewhat
inflexible in that three sets of 137Cs/226Ra ratios were linearized, the
weights adjusted accordingly and the three sets of corrections estimated
before fitting. Recently we have used the AELIB routine MLSQQ which allows a
multiparameter fit to minimize x2 for the combination of all data sets and
their corrections simultaneously. No significant difference was seen in the
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results but the newer program is much more flexible in that any functions
specified together with their partial derivatives may be fitted without
adjusting the input data.

7.38 21OPb-226Ra Disequilibrium and the Half-Life of 60Co

J.G.V. Taylor and R.H. Martin

The only published half-life related to our most recently purified (furthest
from equilibrium) 226Ra reference source that is long enough to be affected by
a re-evaluation of the effective 226Ra half-life (PR-PHS-P-6: 7.45; AECL-9859)
is that of 60Co (Rutledge e_t aJL. Nucl. Instrum. Meth. 206 (1983) 211). Their
60Co half-life (1925.02 + 0.47)d was derived from a weighted mean of ion-
chamber measurements, based on 1600 a for the 226 Ra half-life, and Unp-y
coincidence measurements which are independent of 226Ra. The period of these
measurements was centred about 10 years earlier than our 1 3 7Cs measurements
and it is estimated that the effective half-life of the 226Ra reference source
as measured by our ion-chamber over the measurement period would have been
about 1840 a. If the 226Ra half-life were taken to be 1840 a, the 60Co half-
life value based on the ion chamber data would be increased by about 0.8 d,
slightly less than its estimated standard deviation equivalent uncertainty.
The weighted mean of the combined ion-chamber and coincidence counting half-
life values would be increased by only 0.18 d, less than 40% of the overall
standard deviation equivalent uncertainty, to (1925.20 + 0.47) d. The overall
uncertainty would not be changed significantly; an allowance of + 0.2 d in the
half-life of 60Co had already been included for factors affecting the 226Ra
half-life in the ion chamber data analysis.

Thus the effect of neglecting 210Pb disequilibrium on the published 60Co half-
life is negligible, about 1 part in 104.

7.39 Standards Issued

R.H. Martin

(a) Standard Sources (by Branch)
1 3 3Ba - Accelerator Physics (1)

(b) Standard Solutions (by Branch)
147Pm - Environmental Research (1)
226Ra - Bubble Technology Industries (2)
239Pu - National Research Council Canada (1)

7.40 Ge Detector Servicing

J.J.-P. Bolduc

A cooled PET, i.e., one mounted beside the detector within the cryostat
vacuum, was replaced in a Ge spectrometer from General Chemistry Branch. This
is the first commercial instrument we have opened for internal repairs; in the
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past they have been returned to the manufacturer. A dry box was set up to
enclose the cryostat head so the detector and the surrounding working space
could be flooded with dry N2 while the cryostat was open. The operation was a
success as the spectrometer was restored with no detectable loss in resolution
or efficiency.

A problem with microphonics in another detector was not solved but it was
found the instrument could be used with a vibration isolating support. Two
other damaged detectors were found to be beyond repair.

Several TASCC 8x-spectrometer detectors were pumped out at our cryopumping
station.

7.41 Glassblowing Laboratory

D.A. Doering

A glassblowing demonstration and workshop was conducted at the Royal Canadian
Legion, Pembroke, for the Pembroke and Area Youth Science Club. Approximately
60 people attended this highly successful event.

A new annealing oven has been installed replacing a very old oven for which
parts were no longer available. The new oven allows longer pieces of
glassware to be annealed, has fully automatic temperature controls, and can be
heated to a higher temperature, up to and beyond the annealing temperature of
quartz (=1150°C). Quartz (fused silica), unlike glass, does not usually
require annealing for stress relief. Annealing does, however, improve the
radiation resistance of quartz apparatus and can increase the useful life of
vessels used in high radiation fields as in " M o processing, for example.

Work completed during the period is grouped by lead branches. Almost 1002 of
the total was assigned to commercial work orders.

Chemical Operations ("Mo Production)

Twenty-four alumina columns, eighteen filter flasks and twelve product
recovery headers were fabricated.

Chemical Engineering

Experiments being conducted on uranium separation required 16 pieces of glass
apparatus including 8 specially designed boats. A large number of glass
pieces including 48 capsules was made for CANDEV work. Twenty quartz tubes
with small holes drilled in them were made for experiments on propane curling
irons for Buran.

Fuel Engineering

Twelve complex quartz reaction vessels were designed and made for tests on
uranium fuel elements.
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Physical Chemistry

Six 60-cm long double-vailed reaction vessels were constructed to measure the
oxidation rates of CO.

General Chemistry

Four offset interconnecting glass chimneys were built for use in the recovery
of 147Pm.

Mechanical Equipment Development

Three 12 m high glass test rigs were disassembled and three new ones assembled
in their place in the tover of Building 456 to acquire further design data for
a SLOWPOKE safety valve.

Fuel Materials

Forty-eight glass vials were constructed to conduct iodine stress corrosion
cracking tests on irradiated specimens of Bruce fuel sheathing.

7.42 Mechanical Laboratories

H.C. Spenceley and L.E. McEvan

During the period the work completed in the Building 116 laboratory was
divided as follows: approximately €0X on gas filled detectors (•ulti-vire and
single-wire 3He counters and the Bragg curve chamber), 202 on MARS
scintillators, 10% on cutting Si crystals and 101 on making jigs and fixtures
for the glassblowing laboratory.

Vork completed in the Building 459 laboratory is listed as follows:

To facilitate alignment of the Eulerian cradle an X, Y adjustment was
incorporated into the base plate mount. Two cross-hair alignment targets were
manufactured and mounted on the cradle to allow fast and accurate specimen
positioning.

Three vanadium cans each having a .010" wall and their dovetail mounts were
manufactured. Four different sized aluminum cans each with .007" walls were
made for the Cab-0-Sil experiments.

Two beryllium and two sapphire filters for DUALSPEC were altered and
assembled.

Fixtures were made to hold a fuel cell and part of a space shuttle booster
rocket casing for residual strain studies.
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Other work included parts for the crystal alignment and SANS facility, three
specimen mounts and a stainless steel 3He detector.

7.43 Publications and Lectures

Publications

APPLICATION OP NEUTRON DIFFRACTION TO ENGINEERING PROBLEMS
T.H. Holden, J.H. Root, V. Fidleris, R.A. Bolt and G. Roy
Materials Science Forum, Vol. 27/28 (1988) 359

CHARACTERIZATION OF RESIDUAL STRESSES OF BENT INC0L0Y-800 TUBING BY X-RAY AND
NEUTRON DIFFRACTION
T.M. Holden, R.A. Holt, G. Dolling, B.M. Povell and J.E. Vinegar
Met. Trans. 19A (1988) 2207

VACANCY PROPERTIES IN 0-LiAl
S.H. Kim
Phys. Rev. B 3_S (1988) 5296

MEASUREMENT OF PARITY VIOLATION IN THE PHOTODISINTEGRATION OF DEUTERIUM AND IN
TkZ PRODUCTION OF BREMSSTRAHLUNG ON TANTALUM
E.D. Earle, A.B. McDonald, S.H. Kidner, E.T.H. Clifford, J.J. Hill,
G.H. Keech, T.E. Chupp and M.B. Schneider
Proceedings on the Workshop on Parity Violation in Hadronic Systems,
Vancouver, 1987 May 28-29. Ed. S.A. Page, V.D. Ramsay and V.T.H. van Oers,
TRIUMF Publication TRI-87-03, p. 156 (1987), Can. J. Phys. 66 (1988) 534

OBSERVING THE SUN FROM TWO KILOMETRES UNDERGROUND
E.D. Earle, V. Davidson and G. Evan
Physics in Canada 44 (1988) 49

SHIELDING CALCULATIONS FOR THE SNO DETECTOR
E.D. Earle and P.Y. Wong
AECL-9729

SUDBURY NEUTRINO OBSERVATORY - A SYNOPSIS
G.T. Evan et al.
Cdn. Astronomic Society - Cassiopeia #58 (1988) 38

THE SUDBURY NEUTRINO OBSERVATORY
H.H. Chen and SNO Collaboration
Nucl. Inst. & Methods A264 (1988) 48

MAGNETIC EXCITATIONS AND ORDERING IN THE HEAVY ELECTRON SUPERCONDUCTOR URu2Si2
C. Broholm, J.K. Kjems, P.T. Matthews, V.J.L. Buyers, T.T.M. Paalstra,
A.A. Menovsky and J.A. Mydosh
Phys. Rev. Letters 5JJ (1987) 1467
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SPIN DYNAMICS AND THE HALDANE GAP WITH THE SPIN1 QUASI-ONE-DIMENSIONAL
ANTIFERROMAGNET CsNiCl,
R.M. Morra, V.J.L. Buyers, R.L. Armstrong and K. Hirakava
Phys. Rev. B £8 (1988) 543

LATTICE DYNAMICS AND INTRINSIC PHONON BROADENING IN THE ALLOT Cu(8ZGe)
E.D. Hallman and B.C. Svensson
Can. J. Phys. £6 (1988) 724

TEMPERATURE DEPENDENCE OF S(Q,«) IN LIQUID 4He UNDER PRESSURE
E.F. Talbot, H.R. Glyde, V.G. Stirling and E.C. Svensson
Phys. Rev. B £8 (1988) 11229

THE NATURE OF THE STRUCTURAL TRANSITION IN K3Hg(CN)4 FROM POWDER DIFFRACTION
AND INELASTIC SCATTERING MEASUREMENTS
B.M. Povell and P.N. Gerlach
Molecular Science Forum, Vol. 27/28 (1988) 99

THE STRUCTURES AND DYNAMICS OF SF6: NEW INSIGHTS
B.M. Povell and G. Dolling
Can. J. Chen. 66 (1988) 897

MONOCLINIC PHASE OF SF6 AND THE ORIENTATIONAL ORDERING TRANSITION
M.T. Dove, B.M. Povell, G.S. Pavley and L.S. Bartell
Mol. Phys. 65 (1988) 353

MAXIMUM ENTROPY ANALYSIS OF LIQUID DIFFRACTION DATA
J.H. Root, P.A. Egelstaff and B.G. Nickel
Book: Maximum and Bayesian Methods in Science and Engineering, 2 (1988) 395
(Kluver Academic Publishers)

COMPUTED TOMOGRAPHY AND NEUTRON SCATTERING STUDY OF ZIRCONIA TOUGHENED BY
ALUMINA
B.D. Savicka, J.D. Sullivan, J.H. Root and S.H. Glass
Ceram. Eng. Sci. Proc. 9 (1988) 1491

SPIN DYNAMICS OF CdL.Mn.Te STUDIED BY MUON SPIN RELAXATION AND ROTATION
E.J. Ansaldo, D.R. Noakes, J.H. Brever, S.R. Rreitzman and J.K. Furdyna
Phys. Rev. B 38 (1988) 1183

FREEZING OF SPIN AND CHARGE IN La2..SrxCu04
D.R. Harshman, G. Aeppli, G.P. Espinosa, A.S. Cooper, J.P. Remeika,
E.J. Ansaldo, T.M. Riseman, D.L. Williams, D.R. Noakes, B. Ellman and
T.F. Rosenbaum
Phys. Rev. B Rapid Comm. 38 (1988) 852
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Lectures

NEUTRON DIFFRACTION STUDY OF THE NBEL TRANSITION IN Cr(O.5Z V)
D.R. Noakes, T.H. Holden, P.G. de Camargo, E. Favcett and P. de V. Duplessis
Magnetism and Magnetic Materials/INTERMAG, IEEE Magnetics Society, Vancouver,
B.C., 1988 July 12-15

LONG RANGE INTERACTIONS AND DAMPING OF MAGNETIC EXCITATIONS IN URu2Si2
V.J.L. Buyers
Int. Conf. on Crystal Field Effects and Heavy Fermion Physics, Frankfurt, Vest
Germany, 1988 July 18-21

SYMMETRY OF SPIN WAVES AND HALDANE GAP IN CsNiCl,
Z. Tun, V.J.L. Buyers, R.L. Armstrong, E.D. Hallaan and D.P. Arovas
Int. Conf. on Magnetism, Paris, France, 1988 July 25-29

NEUTRON SCATTERING INVESTIGATION OF RANDOM FIELD EFFECTS IN Dy(As,V)O
D.R. Taylor, J.T. Graham, T.P. Matthews, D.R. Noakes and V.J.L. Buyers
Int. Conf. on Magnetism 1988, Paris, France, 1988 July 25-29

VACANCY PROPERTIES IN ORDERED Cu3Au AND Ni3Al
S.M. Kim
8th Int. Conf. on Positron Annihilation, University of Gent, Gent, Belgium,
1988 August 29 - September 3

POSITRON ANNIHILATION AND VACANCIES IN NiAl AND FeAl
S.M. Kim
8th Int. Conf. on Positron Annihilation, University of Gent, Gent, Belgium,
1988 August 29 - September 3

TEXTURE ANALYSIS
J.H. Root & R.R. Hosbons
Polysar, Sarnia and Dofasco, Hamilton, Ontario, 1988 September 14-15

NEUTRON SCATTERING AT CHALK RIVER
V.J.L. Buyers
Institute of Atomic Energy, Beijing, 1988 September 22
Institute of Physics, Beijing, 1988 September 24
South Vest Institute of Physics, Leshan, 1988 September 29
People's Republic of China

THE QUEST FOR THE BOSS CONDENSATE
E.C. Svensson
Vorkshop on Momentum Distributions, Argonne National Laboratory, Argonne,
111., 1988 October 24-26
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QUELQUES EXPERIENCES BIOLOGIQUES UTILISANT LA DIFFUSION DE NEUTRONS
P. Hartel
Laboratoire Leon Brillouin, CEN Saclay, France, 1988 October 25

MAGNETIC STRUCTURES AND EXCITATIONS IN CsNiCl3
Z. Tun
University of Ottawa, Ottawa, Ontario, 1988 November 10

NEUTRONS AS A PROBE OF CONDENSED HATTER
V.J.L. Buyers
Physics Department, University of Waterloo, 1988 November 10

GLASSBLOWING IN SCIENTIFIC RESEARCH
D. Doering
Pembroke & Area Youth Science Club, 1988 November 12

NEUTRON DIFFRACTION AS A TOOL FOR NON-DESTRUCTIVE EVALUATION OF CERAMICS
J.H. Root and J.D. Sullivan
Materials Research Society Symposium, Boston, Mass., 1988 November 28 -
December 3

NEUTRON DIFFRACTION MEASUREMENTS OF STRAIN AND TEXTURE IN WELDED ZR 2.52 Nb
TUBE
T.M. Holden, R.R. Hosbons, J.H. Root and E.F. Ibrahim
Materials Research Society Symposium, Boston, Mass., 1988 November 28 -
December 3
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8.2 Neutron Optics

V.F. Sears

The galleys and page proofs of the book "Neutron Optics" have each been
corrected and returned to Oxford University Press, and a Subject Index has
been prepared. This project is now completed, and the book will appear
sometime in 1989.

8.3 Theory of Multilayer Neutron Monochromators

V.F. Sears

The work described in the previous report (PR-PHS-P-5:8.3 (AECL-9758)) has now
been completed, and included in an invited talk on this subject given at the
SPIE Conference in San Diego, 1988 August.

8.4 Final-State Effects in Deep-Inelastic Neutron Scattering

V.F. Sears

The dynamic structure factor S(q,co) at large momentum transfer hq differs from
the impulse approximation as a result of interatomic interference effects and
final-state interactions. In general, S(q,a>) can be expressed as a sum of
parts that are symmetric and antisymmetric about the recoil energy, and the
latter part is due entirely to final-state interactions.

In an earlier paper (Sears, Phys. Rev. B 30(1984)44) we showed how the
information on final-state interactions that is contained in the antisymmetric
part of S(q,a>) can be used to correct for residual final-state effects in the
symmetric part. We have recently found that a much simpler derivation of this
result can be obtained by means of sum-rule methods.

8.5 Spin Glasses

K.B. Winterbon (with A.E. Jacobs and C. Coram, Univ. of Toronto)

The work on criticality and limit-cycle behaviour in random magnets (PR-PHS-
P-5;8.4 (AECL-9758)) is being written up for publication. The computer pro-
grams used in the earlier work on exhaustive calculations of small (10-20
sites) random magnets (PR-PHS-P-4;8.8; (AECL-9681)) have been extended to per-
mit the study of fully connected magnets, in which each site may interact with
any or all others, and to non-symmetric interactions, appropriate for neural
networks.
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8.6 Multiple Scattering

K.B. Winterbon

Multiple-scattering distributions have been calculated for the case where the
multiple-scattering distribution is wider than the maximum possible single-
scattering angle. The calculation is a modification of the standard small-
angle Bothe treatment. The results do not fit experimental data well; the
discrepancy is attributed to the relation between energy transfer and scatter-
angle being double valued. The calculation is being repeated in Goudsmit-
Saunderson formalism, in which the angles are treated more exactly.

8.7 Solution of the Dirac Equation in a Plane Wave Basis

M. Harvey

A computer code, written by collaborators in Julich to solve the Dirac equa-
tion in a plane-wave basis restricted to a large box, has been adapted for
running on the CRNL computers. This code will be used for complementary
calculations on the polarisation effects of the vacuum in hadrons. It will
also be adapted for the calculation of the finite fermion-mass effects
required in the relativistic model of nuclear structure.

8.8 TASCC Worktop 1988

M. Harvey and I.S. Towner (with T.K. Alexander, G.C. Ball, J.S. Forster,
D. Horn, V.T. Koslowsky and D.C. Radford (Nuclear Physics Branch) and
L.W. Thomson (TASCC Accelerators & Development Branch)

See PR-PHS-P-6.3.1.16 (AECL-9859)

8.9 Threshold Photoproduction of Neutral Pions

I.S. Towner

Pion photoproduction amplitudes at threshold are fundamental quantities of
s-wave pion-nucleon physics. Low-energy theorems for soft photons and pions
together with the PCAC hypothesis allow the pion photoproduction amplitude to
be expressed in terms of the pion-nucleon coupling constant and static
properties of the nucleon. Charged-pion amplitudes are predicted 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 theorems. For
neutral-pion photoproduction, low-energy theorems show the s-wave amplitude
vanishes in order (m /M), but contributes in order (m /M) , having a viJue

Eo+(yps.p^°) = -2.4 x \0Jilmn (these units will be used throughout the text).

Prior to 1986 this prediction was in agreement with the accepted experimental
result.
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Recent data from Saclay and Mainz alter the picture. Saclay (Mazzucato et
al, Phys. Rev. Lett. 57(1986)3144) find EQ+ = -0.5±0.3 and Mainz (preliminary
a result value, 1988, not yet corrected for rescattering) confirms the small
value with E - 0.2 ±0.1. The s-wave amplitude is obtained by fitting the
differential cross-section measured at a number of photon energies up to 10
MeV above the threshold with a formula A + Bcos0 + C cos 6 where B is the
center-of-mass scattering angle and A,B,C are coefficients depending on the
s-wave and two p-wave amplitudes M and M . Saclay finds M = (8.0±0.3) qk
X 10~3/m^ and M = (-2.0±1.5) qk x 10~3/m^, where q and k are the pion and
photon center-of-mass momenta. Calculations from the Born graphs (which agree
with low-energy theorems for s-wave amplitudes) predict M = 3.3 qk and
M = -6.4 qk 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,co,a). These corrections are small.
Rescattering graphs are under consideration. The p-wave amplitudes are very
sensitive to the treatment of the isobar couplings and propagator when the A
is off its mass shall. This also is being investigated.

8.10 Corrections to Superallowed Fermi /?-decay and the Determination of V

I.S. Towner with J.C. Hardy (Assistant to Vice-President, TASCC)

See PR-PHS-P-6:3.1.2 (AECL-9859)

8.11 The "No Prescription" Propagator for Photon and Gluon in
Noncovariant Gauges

M.S. Milgram and H.C. Lee

The computer program for this problem [PR-PHS-P-5,8.14 (AECL-9758)] has been
written and extensively tested; encouraging first results are emerging.

8.12 New Representations for Artin's Braid Group

M. Coutnre and H.C. Lee

Extending our previous effort fPR-PHS-P-5;8.13 (AECL-9758)], new non-maximally
symmetric representations of Artin's braid group for the N-state model, N=2 to
5, were obtained by directly solving the Yang-Baxter, or braid group,
relations.
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8.13 A New Method for Constructing Closed Braids

H.C. Lee and M. Couture

Knots and links were first studied extensively as topological invariants in
the 1920's and 1930's. A central problem from the beginning was the mappping
of combinatoric, or ambient isotopic, equivalence classes. Renewed and
intense interest in the topic emerged recently following the construction by
Jones fV.F.R. Jones, Bull. Am. Math. Soc. 12(1985)103] of the first new map
since 1923 of equivalence classes of links to polynomials - the Jones link
polynomial - and the recognition that knots and links are connected at a deep
level to a number of topics in physics, from state models [L.H. Kaufman, Am.
Math. Monthly 95(1988)195] to quantum field theory [E. Witten, Inst. Adv.
Studies preprint, HEP-88/33 (1988)]. Link polynomials can be constructed
using topological methods, graphically, or algebraically. The third method
uses braid group representations as an intermediate step, in a procedure
schematically described as follows:

equivalence map A element /? € B map B link polynomial
class of > whose c l o s u r e " » P[L]
links [L] belongs to [L]

The two maps A and B need not be related. The map A must satisfy the
criterion that if L and L belong to the same equivalence class [L] then the
closures of fi =A(L) and JS =A(L) must also belong to the same equivalence
class.

We have found a new type-A map employing a graphic method: given any link L,
a corresponding fi is obtained by cutting, pulling and labelling certain
strings in L, following a prescribed procedure. A paper describing this
method has been written and submitted for publication.

8.14 Connected Link Polynomials

H.C. Lee, M. Couture and N.C. Schmeing

A new family of link polynomials (see last item) has been constructed from
non-maximally symmetric N-state representations of Artin's braid group. The
2-state member is just the well-known Alexander-Conway polynomial. Unlike all
previously known polynomials, 3-state and higher-state members of the family
are not real, but complex. All polynomials in the family maps split links to
the null-polynomial. A related family of link polynomials not having this
property is derived from maximally symmetric representations. The 2-state
member of this family is the Jones polynomial. Many compact, universal
formulas for polynomials in both families have been derived. A paper on this
work has been written and submitted for publication.
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8.15 Studies on the Nuclear Matter Equation of State

C. Gale (with G.M. Wclke, M. Prakash (SUNY at Stony Brook),
S.J. Lee & S. Das Gupta (McGill University)).

We have continued our studies of relativistic heavy ion collisions with the
Bolztmann-Uehling-Uhlenbeck formalism (PR-PHS-P-5;8.17(AECL-9758)). Using
this microscopic description of colliding heavy ions with a realistic
momentum-dependent interaction, we have highlighted the important nonequili-
brium features of such reactions. We have shown bow an interaction leading to
a soft equation of state can use the correlation effects arising from
momentum-dependence to produce results typical of hard equations of states.
This work will be written up for Physical Review C.

8.16 Dilepton Radiation from Nucleon-Nucleon Collisions

C. Gale (with J. Kapusta (Minnesota)).

We have extended our study of dilepton emission from high temperature nuclear
matter and heavy-ion collisions to the case of elementary nucleon-nucleon
collisions. The understanding of such processes is vital to the nonambiguous
extraction of many-body signatures. We have calculated the dilepton spectrum
arising from hadronic bremsstrahlung and from the radiative decay of the delta
in nucleon-nucleon collisions. We compared our results with recent p + Be data
at 4.9 GeV obtained by the DLS collaboration at the Bevalac. We argued that
dileptons constitute a valuable probe of nuclear dynamics. This work has been
submitted to Physical Review Letters.

8.17 Comparison of Nuclear Transport Models with 800 AMeV La + La Data

C. Gale (with J. Aichelin (Heidelberg), J. Cugnon (Liege),
K. Frankel, M. Gyulassy, J. Randrup (Berkeley), Z. Fraenkel
(Rehovot), D. Keane (Kent), CM. Ko, J.Q. Wu (College Station),
A. Rosenhauer, H. Stoecker (Frankfurt) & G.M. Welke (Stony Brook))

Several groups have developed transport models to simulate high energy heavy
ion reactions. While most of these models can fit the observed in-plane flow
momenta, the potentials and numerical techniques used in the various
approaches may differ substantially. The consistency of the theory of
high-energy nuclear transport remains under active debate, and the validity of
particular model assumptions is still surrounded by considerable controversy.
We have compared different transport models, including density and momentum
dependent mean fields and intranuclear cascade models, against recent data on
the inclusive p-like cross section for 800 MeV per projectile nucleon La on
La. We find a remarkable agreement between most model calculations but a
systematic disagreement with the measured yields at forward angles, possibly
indicating modifications of nuclear transport properties at high densitites.
This work is being written up for Physical Review Letters.
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8.18 The Decay of 20Na

I.S. Towncr (with E. Hagberg, J.C. Hardy, H. Schmcing and V.T. Koslowsky
(Nuclear Physics Branch), E.T.H. Clifford and H.C. Evans (Queen's U.)
and R.E. Azuma (U. of Toronto))

See PR-PHS-P-6.3.1.5 (AECL-9859)

8.19 Cold Neutron Source for the NRU Reactor

V.F. Sears (with E.C. Svensson, W.J.L. Buyers, J.H. Root and T.M. Holden
(Neutron & Solid State Physics Branch), G. Dolling (Office of the
Vice-President), P.M. Brewster (Reactor Physics Branch), W. Mellors
(Mechanical Equipment Development Branch) and D.A. Barrington (Nuclear
Safety and Technology Branch))

See PR-PHS-P-6:7.2 (AECL-9859)

8.20 A New Method for Calculating Properties of Quadrupole Magnets

G.E. Lee-Whiting

Difficulties experienced by W.G. Davies of the Nuclear Physics Branch in
calculating focusing properties of magnets intended for TASCC and the
perceived future needs of the Accelerator Business Unit have combined to
stimulate the development of a semi-analytical method for calculating the
fields in quadrupole magnets. It is hoped that the method will be useful in
studying the relative importance of different kinds of aberrations as well as
in estimating focal lengths and principal-plane positions. The essence of the
idea is to derive the magnetic field from a scalar potential calculated from
sources for which the result may be expressed in terms of elementary
functions. The exciting coils are represented by a number of rectangular
current loops, arranged in groups of four to obey the desired quadrupole
symmetry. The iron of the poles and yoke is assumed to be infinitely
permeable, so that the field is everywhere perpendicular to the iron surface.
The interior of this surface may then be excluded from the domain of
calculation. The sources for the field generated by the iron are assumed to
be magnetic poles distributed along rectilinear segments lying inside the
iron, oriented parallel to the beam or z-axis, and arranged to satisfy the
desired symmetry. Any equipotential surface which encloses all the magnetic
poles and none of the currents gives a possible quadrupole design. The
parameters of the pole distributions may be chosen to give desirable focusing
properties and, it is hoped, to produce an equipotential boundary of
practicable shape. There is no reason why tens, if not hundreds, of free
parameters should not be available. If consideration is restricted to the
strengths of the pole distributions on judiciously positioned rectilinear
segments, then the problem of optimization reduces to the solution of a set of
linear equations.
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Computer programs for all the desired functions for groups of rectangular
current loops have been written and thoroughly tested. Analogous programs for
two pole distribution - one uniform, the other proportional to (L -zf)
where L is the half length of the segment - have been completed. Programs
have also been written for calculating the shape of an equipotential surface
and for integrating the differential equations satisfied by selected
aberration coefficients. Satisfactory equipotential surfaces have been
calculated for systems containing four unyoked poles, and good progress has
been made toward finding a disposition of poles corresponding to a magnet
possessing a yoke.

When the exciting currents are omitted from the system, we arrive at the
electrostatic quadrupole. This lens is of interest in its own right, and is
sometimes used as an approximation to the magnetic case. We have found a
simple method to design lenses with very small non-linear distortions of the
desired linear field. Linear equations involving the relative pole strengths
on a set of segments of equal lengths allow us to annul a finite number of
Fourier terms in the azimuthal expansion of the potential about the beam axis.
For example, with four segments (in each quadrupole quadrant) we can eliminate
the coefficients of the terms containing cos nd for n = 6, 10, and 14; n = 2
is the desired term, while all the odd values of n and those which are
multiples of 4 are zero by symmetry. The resulting equipotential surfaces
appear to be reasonable.

Publications

SCHRODINGER EQUATION FOR NEUTRON OPTICS
V.F. Sears
Physica B 151(1988)156

THEORY OF MULTILAYER NEUTRON MONOCHROMATORS
V.F. Sears
SPIE Proc. 984(1988)39

AZIMUTHAL DISTRIBUTIONS IN HEAVY ION COLLISIONS AND THE NUCLEAR
EQUATION OF STATE
G.M. Welke, M. Prakash, T.T.S. Kuo, S. Das Gupta and C. Gale
Phys. Rev. C38(1988)2101.

DILEPTONS AS A PROBE OF PION, KAON AND ANTINUCLEON DYNAMICS
IN NUCLEAR MATTER
Charles Gale & Joseph Kapusta,
Phys. Rev. C38(1988)2659.

MAGNETIC MOMENTS NEAR Pb CLOSED SHELL
I.S. Towner
Proc. of 3rd Conf. on the intersections between particle and nuclear physics,
Rockport, Maine; ed. G.M. Bunce (AIP conference proceedings 176, New York,
1988) pp. 805-810
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SUPERSYMMETRY ANOMALIES AND ANALYTIC REGULARIZATION
H.C. Lee, Q. Ho-Kim and F.Q. Liu
Can. J. Phys. 66(1988)419

SCALAR FIELD AND THE POLYAKOV STRING
Z.Y. Zhu and H.C. Lee
Mod. Phys. Lett. A3(1988)1013

RECOIL DISTRIBUTION IN ISOTOPE SEPARATOR TARGETS
K.B. Winterbon
Nucl. Inst. & Methods B31(1988)538

QUANTUM AND CLASSICAL STATISTICS
K.B. Winterbon
Phys. Lett. A130(1988)333

Lectures

THEORY OF MULTILAYER NEUTRON MONOCHROMATORS
V.F. Sears
Invited talk given at the SPIE Conference on Thin-Film
Neutron Optical Devices, San Diego CA, 1988 August 14-19

FINAL-STATE EFFECTS IN DEEP-INELASTIC NEUTRON SCATTERING
V.F. Sears
Workshop on Momentum Distributions, Avgonne National
Laboratory, 1988 October 24-26

EDUCATING THE PUBLIC ABOUT NUCLEAR ENERGY
M, Harvey
Address to the 30th Radiation Protection Course, CRNL, 1988 September 27

PUBLIC AFFAIRS TALKS AT CRNL
M. Harvey
CRNL, 1988 July 14, Sept. 18, Oct. 19 and Nov. 9

Invited Plenary Talk - THE NN-INTERACTION AND BARYON STRUCTURE
M. Harvey
Deuxiemes Entretiens du Centre Jacques Cartier, Universite de Montreal,
October 13-14, 1988

Invited Plenary Talk - DE LA MATIERE NUCLEAIRE AU PLASMA QUARK-GLUON
C. Gale
Deuxtemes Entretiens du Centre Jacques Cartier, Universite de Montreal,
October 13-14, 1988

PRODUCTION OF LEPTON PAIRS IN HIGH ENERGY HEAVY ION COLLISIONS
C. Gale
Seminar given at University of Ottawa, October 20, 1988
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CORRECTIONS TO SUPERALLOWED tf-DECAY AND THE DETERMINATION OF V
ud

I.S. Towner
Invited Talk - Summer Inst. in Theor. Physics, Queen's U., Kingston, July 1988

J * 0 SUPERALLOWED BETA DECAY
I.S. Towner
Invited Talk - TASCC '88 Workshop, Chalk River, August 1988

SUPERALLOWED £-DECAY AND THE DETERMINATION OF V^

I.S. Towner
Seminar - given at a) TRIUMF, Sept. 22/88; b) Simon Fraser Univ., Oct. 5/88;
c) Oregon State Univ., Oct. 24/88

BERRY'S PHASE
H.C. Lee
University of Western Ontario, 1988 July 20

PHYSICS AND THE THEORY OF BRAIDS, KNOTS AND LINKS
H.C. Lee, given at

TRIUMF, 1988 August 29
McGill, 1988 October 24
Univ. of Western Ontario, 1988 November 08
Univ. of Waterloo, 1988 November 09

GOING ROUND CIRCLES -- BERRY'S PHASE, HOLONOMY & RELATED TOPICS
H.C. Lee, given at

Wuhan Univ., Wuhan, China, 1988 September 13
Inst. Theoretical Physics, Beijing, China, 1988 October 5

PHYSICS, CIRCA 1988
H.C. Lee, given at

Lanzhou Univ., Lanzhou, China, 1988 September 24;
Xinjiang Univ., Urumqi, China, 1988 September 30;
Inst. of Physics, Urumqi, China, 1988 October 01

INTRODUCTION TO CONFORMAL FIELD THEORY
H.C. Lee, four lectures given at
Colloquia on Conformal Field Theory and Braids, Nankai Inst. of Mathematics,
Nankai Univ., Tianjin, China, 1988 September 1-20

STRANGE STATISTICS AND BRAID GROUP REPRESENTATIONS
H.C. Lee, four lectures given at
Colloquia on Conformal Field Theory and Braids, Nankai Inst. of Mathematics,
Nankai Univ., Tianjin, China, 1988 September 1-20



9. FUSION OFFICE

by D.P. Jackson



9-1

STAFF LISTING

FUSION OFFICE

Manager, Fusion Office/

Director, National Fusion Program D.P. Jackson

Manager, Fusion Fuels G.J. Phillips

Manager, Magnetic Confinement C.C. Daughney

Manager, International Program W.J. Holtslander

Secretary CM. Jonckheere



9-2

9. FUSION

9.1 Background

AECL has the responsibility, on behalf of the federal government, for oper-
ating the National Fusion Program (NFP). Funding for the NFP is obtained
through the federal interdepartmental Panel on Energy Research and Develop-
ment (PERD) which is administered by the Ministry of Energy, Mines and
Resources. The Fusion Office in the Physics and Health Sciences Program
Responsibility Centre is the AECL organization that manages the program.
In order to put the reports that follov in their proper context, the objec-
tives and strategy of the NFP are given as a preamble.

9.1.1 Objectives

The objectives of the R&D in this area are:

to establish and maintain in Canada the necessary expertise to
provide a foundation from which the capability of building fusion
power systems can be developed; .

to gain effective access to international knowledge in fusion
technology by making a recognized contribution to the international
effort; and

to develop sufficient technological capability to allow Canadian
industries to supply subsystems, components, fuel and services for
foreign fusion power developments (whether they be experimental,
demonstration or commercial units).

9.1.2 Strategy

The strategy employed to meet these objectives recognizes the long-term
nature of fusion R&D and the high-level (> $2 billion annually) of interna-
tional effort. The Canadian effort is narrowly focused with projects that
meet the following criteria: i) the possibility of interim industrial
benefits is high; ii) there is an indigenous Canadian advantage that will
provide a basis for Canadian leadership in the technological speciality;
and iii) the interest to foreign programs is sufficiently high to make
exchange of technology a likely outcome. Matching funding by the provinces
in the major projects ensures sharing of the R&D risks. Participation in
them by electrical utilities, industries, universities, and federal labora-
tories assures an appropriate level of technical involvement and interest.

9.2 National Fusion Program

Coordination of the total Canadian effort in the NFP is essential to
achieve both the optimum use of domestic resources and the maximum leverage
for the program internationally. The NFP was initiated by the National
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Research Council (NRC), but government decisions taken in 1985 resulted in
the staged and orderly transfer of responsibility for the program from NRC
to AECL which was completed by 1987 April 01. This transition was accom-
plished with minimum disruption to the program. AECL has formed a
Strategic Advisory Committee to assist in guiding the long-term strategy of
the NFP.

Consultation and coordination with other departments, the provinces and the
fusion community in general are achieved through ad hoc groups assembled to
advise on specific issues. The original plan for the NFP called for
Canadian participation in each of the three major thrusts of international
fusion R&D: magnetic confinement, inertial confinement and materials/
engineering. Significant projects in the first (Centre canadien de fusion
magnetique - CCFM) and last (Canadian Fusion Fuels Technology Project -
CFFTP) of these are well established. An inertial confinement project has
not yet been established. A small but vigorous international program is an
essential element of the NFP.

Highlights

A highlight for the reporting period is as follows.

• A meeting of the university groups active in fusion research in
Canada was convened at Keys Conference Centre, 1988 September
6-7. As a result, an application to the Networks of Centres of
Excellence was coordinated by NFP staff and submitted 1988
November 30. The basic concept is that the NFP, in association
with its main projects (CCFM and CFFTP), would coordinate and
manage & Network of universities to perform fusion research in
areas relevant to national goals. A total of $11.0M spread over
four years is requested with all funds going to the universities.

9.3 Centre canadien de fusion magnetique (CCFM)

CCFM is a joint venture of AECL (through the NFP), Hydro-Quebec and
Institut national de la recherche scientifique (INRS), with collaboration
from industrial and university partners. It operates the Tokamak de
Varennes, a magnetic confinement fusion experiment. The Centre is super-
vised by a board of directors with technical review provided by an interna-
tional advisory committee.

The Tokamak de Varen:ies is a medium-sized device that achieved first opera-
tion in 1987 March. The construction phase required that industry acquire
specialized technological capabilities previously unavailable in Canada.
In parallel with this expansion of the national technology base, a world-
class team of fusion scientists and engineers has been assembled for its
experimental program.
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The machine has unique features: for example, it is the world's only
fusion experiment operated by an electrica] utility and one of the few
powered directly from transmission lines, both of which stemmed from IREQ's
historical expertise in high power electrotechnology. Since it is designed
to maintain its magnetic fields for much longer than most other tokamaks,
long time-scale effects in plasma confinement can be studied. This impor-
tant feature together with its impurity control systems, advanced diagnos-
tics and equipment for plasma materials interactions ensure that the
Tokamak de Varennes will have an important role in international fusion
research. The high level of international collaboration now in place is
indicative of significant world interest. All initial design parameters of
the machine were achieved in its first year of operation, the challenge now
is to up-grade and improve the machine in order to maintain its technical
relevance.

Highlights

Highlights for the reporting period are as follows.

The first results of the experimental program of the Tokamak de
Varennes were reported in papers given at the IAEA Conference on
Plasma Physics and Controlled Thermonuclear Fusion in Nice,
France, 1988 October and at the American Physical Society meeting
in Hollywood, Florida, USA, 1988 November.

A plan for lower-hybrid rf current drive for upgrading the
Tokamak de Vari?nnes to sustain plasma current during long-pulse
(30 sec) operations was reported at the American Physical
Society's Plasma Physics meeting in Hollywood, Florida, USA, 1988
November. Extra funding for CCFM has been requested from the
federal government to match Quebec funding already approved so
that this upgrade can proceed.

9.4 Canadian Fvision Fuels Technology Project (CFFTP)

CFFTP's objective is to capitalize on the domestic expertise in tritium
technology established in the CANDU fission reactor program - tritium is
the major fuel for future fusion reactors. Now in its second 5-year term,
it is funded 50% by the federal government (AECL) and 50% by Ontario Hydro.
Project management is provided by Ontario Hydro. CFFTP is directed by a
steering committee, consisting of representatives of the funding partners,
that is advised on technical matters by a committee of Canadian and foreign
experts.

The project plans and supervises fusion fuels R&D work in industry,
utilities, universities and federal laboratories, and markets Canadian
technology abroad. R&D programs in tritium technology, fusion blankets,
materials, health and safety, and equipment development have been success-
ful in achieving international recognition for Canada. This vork, together
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with staff attachments, participation in international study teams and
representation at conferences, has been used effectively to gain access to
the major world programs and to broaden the indigenous fusion technology
base.

CFFTP has also had good success in gaining foreign markets for Canadian
industry for fusion-related goods and services in the US and particularly
Europe. This business is currently expanding, since several foreign fusion
fuels laboratories are planned or under construction. Canadian products
such as tritium monitors and tritium handling equipment are also being
vigorously promoted by CFFTP, with promising results.

Highlights

Highlights for the reporting period are as follows.

In recognition of its outstanding marketing and technological
potential, the Ontario Premier's Council on Science and
Technology awarded CFFTP funding of $9.AM over the next 5 years
(commencing 1988 October). This brings the Ontario government
back into the project as a funding partner as it was in CFFTP's
first term. Matching federal funding is being sought by the NFP.

. A joint marketing agreement between Ontario Hydro and AECL for
the exploitation of tritium technology by both organizations
through CFFTP was agreed between the AECL-RC commercial managers
involved in fusion contract work (P&HS, RD and RA&I PRCs) and the
project manager of CFFTP. This agreement clarifies the respec-
tive roles of the parties and by doing so, should increase the
potential for mutually profitable collaboration in obtaining off-
shore fusion business.

9.5 International Program

The program stresses international collaboration as an essential part of
its strategy with the aim of forging links with the major world programs in
order to acquire information, encourage technology transfer into Canada,
foster commercial opportunities, and increase the relevance and leverage of
Canadian fusion work.

Canada is active in several International Energy Agency (IEA) committees
and study groups and participates in the TEXTOR joint experiment and the
BEATRIX materials exchange through this agency. Bilateral fusion agree-
ments between Canada and Japan, Canada and the EC, and Canada and the US
have been concluded.

Since the achievement of fusion power will be a large and expensive
process, perhaps too large for any one country, large-scale international
projects are under discussion. A new initiative of this type resulted from
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the Reagan-Gorbachev summits; called ITER (International Thermonuclear
Experimental Reactor), it envisages an international fusion engineering
test reactor to be designed and built by the US, USSR, Japan and Europe.
The NFP has an important role in the assessment of these projects, with
respect to the opportunities for Canada, and coordination of Canadian
participation in them.

Highlights

Highlights for the reporting period are as follows.

On 1988 October 3, a Memorandum of Understanding was signed by
Canada and the European Community (EC) that structures Canada's
participation in ITER through the EC NET project. Thus, Canada
has become the fifth partner in ITER with the US, USSR, EC and
Japan.

D.P. Jackson was appointed to the IAEA's International Fusion
Research Council in 1988 September. This is the first time a
Canadian representative has been appointed. This provides the
NFP with a multinational channel for potential collaboration wiih
the USSR and China with whom Canada does not have bilateral
agreements.

9.6 Inertial Confinement

The original plan for the NFP included inertial confinement fusion as a
program area. A major project in this area has not yet been assembled, but
the option is retained in the NFP. Activity is now confined to a monitor-
ing role and in providing assistance to Canadian researchers. Research
programs in inertial confinement are currently carried out in several
Canadian universities and at NRC.

Highlights

A highlight for the reporting period is as follows.

On 1988 July 18, a meeting was held in Edmonton between represen-
tatives of the province of Alberta, the federal Western Diversi-
fication Office and the NFP concerning the ALTECH project. For
the first time, there are indications of provincial interest in
funding ALTECH and discussions continued throughout the period.
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