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0. INTRODUCTION

BY J.C.D. MILTON



INTRODUCTION - J.C.D. Milton

This eighth semi-annual report on Physics and Health Sciences covers the
first complete 6-nonth period under a tight restraint budget and an almost
total hiring freeze. The effects are expected to be somewhat delayed so
that it is not surprising that there are nonetheless several notable
achievements in the review period.

Dr. R.V. Osborne relinquished his duties as Executive Assistant to the
President of the Research Company and returned to Chalk River as Director
of the Health Sciences Division on 1989 November 1. Dr. D.K. Myers, who
had served with distinction as Acting Director since Dr. A.M. Marko's
retirement in March, now becomes Associate Director, in which position he
will have wide scope to mak^ use of his extensive knowledge of the effects
of radiation on health for the benefit of AECL and the public, as well as
assisting Dr. Osborne in unifying and focussing our programs In the health
sciences.

Dr. Gerald Dolling was appointed Vice President, Radiation Applications and
Isotopes PRC on 1989 July 15 after 4'/J years outstanding service as Director
of the Physics Division. Dr. Dolling's wise counsel and extraordinary
willingness to take on extra tasks, for example, coordinating the BATAN II
bid, AECL representative on the Federal Government's Interdepartmental
Science and Language Committee, most recently the Research Company presence
in Corporate Government Affairs, and many, many smaller tasks, will be
sorely missed in Physics and Health Sciences. With Dr. Dolling's
promotion, the Acting Director, Dr. Malcolm Harvey, became the Director.
Dr. Harvey, a well-known nuclear theorist who was elected to the Royal
Society of Canada in June, will be strengthening our theoretical support of
the experimental programs.

Three hundred people attended the highly successful second annual
W.B. Lewis Memorial Lecture in Deep River on October 6, sponsored by
Physics and Health Sciences. This year's distinguished lecturer was
Sir Denys Wilkinson speaking on the subject of "Symmetries in Art and
Nature". Sir Denys was the first person to perform a basic physics
experiment on ZEEP and was well known by Dr. Lewis. The high calibre and
success of the first two lectures bodes well for the series becoming a
worthy tribute to Dr. Lewis.

The U.S. DOE/NSERC "Temple" Review of technical, cost, schedule, and
management for the SNO (Sudbury Neutrino Observatory) proposal was
performed in late October. SNO received high praise for its preparedness,
presentation and competence. CRNL has been a major contributor to SNO
since its inception 5 years ago, and was heavily involved, with some staff
playing a pivotal role, in all phases of the Temple Review, as was also
true in the scientific proposal. Full funding for the SNO proposal was
announced by the Honourable William Winegard on 1990 January 4.
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The 9th BI0M0VS Workshop was held in Ottawa 1989 November 13-17, hosted
jointly by AECL and the AECB. Participants came from eight European
countries, the United States, Japan and Canada. This was the last working
meeting in the current BIOMOVS program and focussed on the preparation of
the final reports as well as future requirements in biosphere modelling.
There was general agreement that the program should carry on; AECL will
continue to contribute, this time under joint sponsorship with the AECB.
It is hoped that BIOMOVS 2 will begin immediately after the final meeting
in Stockholm 1990 October 8-12.

Very gratifying progress has been made in commissioning the superconducting
cyclotron of the TASCC facility. The number of beams available at the end
of the year was 17, of which 12 were developed during 1989. Of particular
importance was the acceleration for the first time ever of a beam with the
radio frequency system operating in the 7t mode. The cyclotron's
reliability is now such that its beams are routinely used in experiments,
and in fact, it has supported its first experiment in which an outside
group was the lead. These achievements are all the more remarkable when it
is realized that during this time the tandem and injector ran in top form
carrying a full slate of experiments, and TASCC Phase II - a 4-year 15 M$
capital project to complete the TASCC laboratory - was completed in
December, 3 months ahead of schedule and substantially under budget.

Members of the Radiation Biology and Dosimetric Research Branches have just
completed a 5-year experiment on the relative biological effectiveness of
tritium fi rays in a mammalian tumor system, induction of acute myeloid
leukemia in mice. This is of considerable importance in Canada, because
an appreciable portion of the dose from operation of CANDU nuclear
electricity generation comes from this radionuclide. A preliminary
analysis of the data indicates that the effectiveness per unit of radiation
dose from tritium fi rays is little, if at all, different from that of the
same dose of the reference X rays. The results from this 1 M$ plus
project, which was supported by AECL, AECB, Ontario Hydro, Hydro Quebec and
New Brunswick Electric Power Commission substantiates results obtained
earlier with the acceleration of the appearance of mammary tumours in
female rats as an end-point. The current use of a quality factor of one
for tritium seems to be appropriate.

Research in contaminant hydrogeology continues to attract international
attention, and support is growing for establishing an international
facility at Chalk River. Both the Germans and the Japanese have made
commitments to support collaborative programs at the site over the next few
years. An international conference in 1990, organized by
Dr. G.L. Moltyaner of the Environmental Research Branch and sponsored by
organizations in four countries, will provide the focus for multinational
discussions on the establishment of an International Laboratory for
Hydrogeology at CRNL.

The cancer screening work continued to receive excellent press coverage. A
visit from Carole Thibaudeau in August resulted in full colour spreads on
two successive Sundays on the front page of the Science Section of
La Presse. A third article featured Paul Browne and Kirk Dobbs and their
thermal clothing. In September, David Lees, a well-known science writer
visited the Radiation Biology Branch with the result that an article
appeared in a special Canadian supplement to OMNI magazine in 1989
December.
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Some Additional Highlights from this Report

The ANDI (Applied Neutron Diffraction for Industry) group has performed a
proof-of-principle demonstration that internal strain and temperature in
critical engineering components can be measured simultaneously by a remote
method. The result opens the way for measurements deep inside the hot
interior of an operating jet engine. The ANDI team has also performed some
novel work on measurement of the residual stress in weldments of Zr-2.5% Nb
plate.

Other applications of neutron scattering have included measurements of
texture in steel plates and in insulators of high power electrical cable,
as well as a measurement of the inhomogeneity of the p phase of Nb in Zr-
2.5& Nb pressure tubes by comparison with the superconducting properties.

Work is proceeding on evaluating concepts for the cold source to be
installed in NRU at the same time as the third vessel. Calculations of the
flux enhancement of the very cold neutron flux in beam tubes are well
underway for liquid H2 and D2 sources of varying geometry. Access to the
Cold Source for maintenance and operation is required through the graphite
thermal column. This needs enlargement of an existing hole and good
progress is being made on effective methods for doing so.

Assembly of the double spectrometer DUALSPEC has begun at the C face of
NRU. The monochromator shielding drums and their yokes have been
constructed and a successful test assembly completed at the .manufacturer's.
Assembly is expected to be finished by mid-summer.

Significant progress is being made in understanding and developing the
theory of quantum groups. A new structure, "the twisted quantum group" has
been discovered. These new ideas in the theory of the topology of knots
and braids which are believed to have wide application in cosmology,
particle physics, and condensed matter physics, have caught the imagination
of physicists world-wide. The Banff Summer School in Theoretical Physics
(largely funded by NATO Advanced Studies Institute) on this subject,
directed by a member of the Theoretical Physics Branch, was enormously
successful with 170 participants from all over the world.

The MP tandem has operated reliably for some time now at terminal voltages
above 14 MV. In December the first experiment was run at 15 MV, during
which no electrical breakdowns occurred.

A new Concurrent 3280 data acquisition/analysis computer has been installed
at the TASCC facility and is available to users on a limited schedule while
the installation and commissioning of on-line data acquisition hardware is
proceeding as planned. Approval for the necessary funds was obtained in
July. As was expected, event-by-event analysis has been speeded up by a
factor of 6 over that for the existing 3230 system. The dual system now
allows, for the first time, two users to perform any combination of data
acquisition and analysis simultaneously.
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The conceptual design of a radio frequency current drive system for the
Tokamak de Varennes was presented to an international review committee of
experts; they strongly endorsed the design. Ordering of key components is
now underway for this major upgrade of the machine. CFFTP continues to be
successful in marketing Canadian products to international fusion products.
Notable was the recent award of a contract to supply an analytical gas
chromatograph system to the Joint European Torus (JET). Although previous
contracts for consulting services and staff attachments had been awarded to
CFFTP from JET, this was the first one for the supply of hardware.

Publications and Talks

The number of publications and talks in the Physics area of Physics and
Health Sciences remained within the range of values reported in previous
years (except for public affairs talks which dropped markedly).

Calendar
Year

1986

1987

1988

1989

Lectures

Full
Publications

57

88

64

59

Unrestricted
Reports

0

4

31

3

Scientific
Talks

100

86

99

108

Public Affairs

44

57

67

21

"Preparation of Cost and Schedule" Talk to the Sudbury Neutrino Temple
Review, 1989 October 24. J.D. Hepburn.

Publications

SUDBURY NEUTRINO OBSERVATORY: COST, SCHEDULE AND MANAGEMENT
Edited by A.B. McDonald
Prepared by E.U. Beir, F. Burchart, E.D. Earle, H.C. Evans, J.D. Hepburn,
J.R. Leslie, K.M. McFarlane, A.B. McDonald, D. Sinclair, F. Tozer

Cross References

Progress in Accelerator Mass Spectrometry

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

See section 3.2.11 in this report.
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Topical Review by K.R. Andrews
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1.1 GENERAL

In early October 1989 the TASCC cyclotron was returned to service for
physics experiments. This marked a turning point in the intensive
commissioning program that began fifteen months earlier when the TASCC
Beam Commissioning Group was set up with the mandate to coordinate all
cyclotron development work, until reliable operation over the full range of
specified beams and energies is achieved. Although the Group's goals are
not yet fully achieved, its success has been so great that further
commissioning work will now be time-shared with routine experimental use
of the cyclotron. Seventeen cyclotron beams have so far been developed,
including two in n mode, and other beams similar to the developed ones
should also be easily provided if they are required. Two experiments have
already used beams from the improved cyclotron, one requiring 0-mode
operation, the other jr-mode. For both, the cyclotron operated smoothly
and the beam was available as required.

Despite the intellectual and physical effort still being devoted to
cyclotron commissioning, our research programs continued to flourish and
expand. This is the third consecutive reporting period since the Phase II
shutdown in which our total experimental beam time has increased: by
this, the second half of 1989, the number has reached 2884 hours for the
total use of tandem and cyclotron beams. New developments abound. For
example, the miniball particle-detector array was first used with the 8TT
spectrometer to study the spectra of evaporating charged particles that
populate superdeformed states. A new program was launched with the
cyclotron to study heavy-ion channeling and has already produced
interesting results on the charge-state dependence of the energy losses of
channeled ions in thin silicon crystals. Finally, the program in
accelerator mass spectrometry (see Topical Review - section 1.2) has begun
again with a new automated control system; the 14C-dating capability has
been restored and good progress has been made towards 36C1 measurements,
which will be useful in hydrology studies.

During the six-month reporting period, tandem beams were used, either for
experiments or development purposes, for a total of 3474 hours. This beam
time was 96% of the scheduled operating time and 79% of the total time
available. Both figures are notable improvements over the previous six-
month period. Cyclotron beams were used for a total of 576 hours, which
was 81% of the time scheduled — a record we are particularly proud of.

All of our experimental programs continue to be largely collaborative
endeavours involving university and other non-TASCC scientists as well as
our own staff. This period, the former contributed 50% of the total
laboratory research effort. The continued high level of outside usage
together with the overall increase in beam time for research was only made
feasible by the availability of the newly installed Concurrent 3280
computer system. This long-awaited improvement to our analysis capability
removes a major bottleneck to researchers using TASCC.
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As an appropriate conclusion to a very successful reporting period, the
TASCC Phase II construction project was completed in December, three
months ahead of schedule and substantially under budget. For the first
time in more than a decade, the TASCC staff does not face any major
construction projects and can devote its full attention to cyclotron
development, to the smooth operation of TASCC, and to heavy-ion research.

1.2 TOPICAL REVIEW - ACCELERATOR MASS SPECTROMETRY

Accelerator Mass Spectrometry (AMS) is an application of techniques and
equipment developed for low-energy nuclear physics, which has had a
revolutionary impact on archaeology and the earth sciences in the last
decade. World-wide activity in AMS began in 1977 with contemporaneous
publications by the Simon Fraser-McMaster and Toronto-Rochester-General
Ionex groups (Science 198 (1977) 506, 508) reporting the detection of 14C
in natural samples by direct atom counting. Since that time many nuclear
physics laboratories, including that at Chalk River, have initiated
programs to develop AMS for a variety of isotopes and applications.

There are a number of radioisotopes produced in trace quantities by
cosmic-ray bombardment of the atmosphere that are of interest as
chronometers or natural tracers for terrestrial processes. Typical
concentrations are HO" 1 2 relative to stable isotopes of the same element.
The best known example is 14C (t1/2 = 5730 a), which has been routinely
measured through decay counting, and which has found major applications in
archaeology, oceanography, hydrology and elsewhere. Other isotopes of
interest (with their half-lives) are 10Be (1.5 x 106 a), 26Al (7.A x 105

a), 36C1 (3.1 x 105 a), 41Ca (3.1 x 105 a) and 1 2 9I (1.5 x 107 a).
Because of their long half-lives, the routine determination of these
isotopes at natural concentrations has not been possible through decay
counting. The advent of AMS has made possible the detailed study of these
long-lived isotopes as chronometers and tracers. It has also allowed 14C
dating to be applied to thousand-fold smaller (milligram-sized) samples,
thus permitting more specific and detailed measurements and the extension
of the technique to samples either too small or too precious to be
measured by the previous method.

Direct atom counting by conventional mass spectrometry is rendered
impossible at the concentrations in question (10~15- -10'12) by the
existence of stable isobars (e.g. 14N-14C, 36S-36C1) and molecular ions
(eg. 13CH+, 12CH^ vs 1 4 C ) . A sophisticated effort with negative-ion mass
spectrometry of 14C 15N" ions failed to detect 14C even at a concentration
of 100 times its "modern" value because of the presence of 29Si~ ions
(R. Schnizer et al, Proc. 22nd American Conference ASMS, Philadelphia, PA,
(1973) 64). The use of a tandem-type accelerator with its negative-ion
injection, stripping to positive ions in the terminal and multi-MeV
energies for the final ions, in conjunction with electric, magnetic and
velocity filters and particle-identification techniques overcomes these
difficulties. In the case of 1 4C, the stable isobar, 14N, does not form a
negative ion and the molecular ions are destroyed in the terminal. The
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combination of a magnetic filter followed by either an electrostatic bend
or a crossed-field velocity filter and a tE-E detector system allows
unequivocal identification of 1 4C. The backgrounds are then true 14C
atoms arising from sample contamination, .in situ or during preparation, or
contamination in the ion source. Each isotope has its own peculiar
problems; those for 36C1, a particular interest of this lab, will be
discussed in more detail at the end of this brief review.

A recent review of world-wide activity in AMS listed 13 programs in
USA/Canada and 19 in the rest of the world (W. Wolfli, NIM B29 (1937) 1).
These include small specially designed dedicated accelerators (e.g.
Toronto, Arizona, Oxford...); previous nuclear facilities converted to
AMS, in Zurich and Lower Hutt, New Zealand; and many AMS programs time-
sharing with conventional nuclear studies. As the field has progressed it
has become clear that the small (1-2 MV) dedicated facilities are adequate
for 1 4C, 26A1 and possibly 10Be and 1 2 9 I . Higher energies are definitely
required for isotopes such as 36Cl and 41Ca.

The program at Chalk River began in 1977 and we quickly identified 14C
very cleanly using a AE-E detector and time-of-flight through the Q3D
magnetic spectrometer. Routine 14C measurements were instituted with a
velocity filter replacing the Q3D. During this time, when the dedicated
14C facilities were under construction, Chalk River was a leading centre
for 14C measurements of archaeological, ground water and meteoric samples
(H.R. Andrews et al., NIM B5 (1984) 134). In 1982, the program was
suspended when the MP Tandem was shut down for the installation of the
TASCC (Tandem Accelerator Superconducting Cyclotron) facility. Now that
TASCC is operational, the AMS program has started again with some 14C
measurements} but its primary thrust is to develop a sensitive system for
36C1 measurements. These will be part of hydrology studies in the
Canadian shield and elsewhere. TASCC has several features of value for
AMS measurements. Among these are high mass-resolution injection with
electrostatic acceleration between two stages of magnetic analysis, stable
high-voltage operation, ultra-stable terminal-voltage control and
extensive computer control of the whole accelerator facility.

36C1 is a particularly difficult isotope because its stable isobar, 3f'S,
also readily forms negative ions. Very good chemistry is required to keep
the 36S count rates down, and very good particle identification is needed
to discriminate between the two species in the detector. While 36C1 has
been detected at natural levels at Chalk Rivur, progress has been slowed
by 36S contamination of the ion source, which has been regularly used for
nuclear physics experiments with enriched 3 4S, and by degraded events in
the detector - a Bragg-type with a &E stage in front. Work is progressing
toward an improved detector and a dedicated high-intensity ion source.

With increasingly intense ion sources and even with very good chemistry,
the 36S rates may become too high for reliable detector operation. At
least three methods are possible to eliminate the sulfur at the detector:
total stripping to transmit 3 6 C 1 1 7 + to the detector, laser-induced
destruction of the 36S" ions before injection (D. Berkovits et al, NIM



1-4

A281 (1989) 663), and the use of a low-pressure gas-filled magnet to
separate the species on the basis of average charge state (M. Paul et al,
NIM A277 (1989) 418). Of these, the most straight-forward and efficient
is the gas-filled magnet. Preliminary measurements suggest that one of
our 42° beam-line magnets will be adequate; if not, a 90° beam-line magnet
or the Q3D spectrometer with their higher dispersions will suffice. After
the 36C1 program is firmly established, measurements may be extended to
other isotopes including 41Ca and 32Si.

AMS has been one of the major technical developments of the last decade.
The application of these techniques derived from modern experimental
nuclear physics promises to have an impact on archaeology and the earth
sciences equal to that of conventional 14C dating, a comparable technology
transfer of four decades ago.

1.3 RESEARCH

The combination of the miniball particle-detector array and the 871
spectrometer was used to study the charged-particle evaporation spectra
associated with the population of normal and superdeformed states in 133Nd
and 152Dy. In contrast with expectation, no significant differences were
found between these spectra in the case that has been analyzed thus far,
133Nd.

A variety of 8* 7-ray spectroscopic studies was carried out on nuclei from
li3Sb to 166Hf. The study of 150Tb is of particular current interest
since, in light of the recent discovery of "twinned" superdefoimed bands,
one might reasonably hope to observe an excited superdeformed band in this
nucleus that is the "twin" of the yrast superdeformed band in 151Dy.
Preliminary analysis of the experiment has failed to provide evidence for
this band, however.

The half lives of three superallowed $ emitters, 46V, 50Mn and 54Co, have
been measured to high accuracy, 0.1%; the accuracy is limited largely by
small systematic effects that have thus far eluded identification.

A paper describing some of the results of the experiment performed at the
National Superconducting Cyclotron Laboratory by the reaction-group
collaboration is in preparation. The follow-up experiment planned for
this past spring has continued to be deferred because of scheduling
problems at the host institution. A preliminary projectile-fragmentation
experiment was performed here with a 22.5 MeV/u 37Cl beam from the
cyclotron. This experiment provided the first in-beam tests of the new
design of phoswich forward detectors and of prototype CsI(Tl) detectors
designed and constructed at Universite Laval. The counter performances
were excellent and the run was deemed to be a real success by all
participants.

The cyclotron also supported studies of the charge-state dependence of the
energy losses of channeled ions in thin silicon crystals.
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Further COG-supported studies were done at Queen's University on deuterium
ingress into Zr-2.5wt£Nb.

1.4 INSTRUMENTATION AND FACILITY DEVELOPMENT

The ISOL group made a number of changes to its helium-jet ion source,
which resulted in improved performance and better maintainability. The
magnitude of the systematic error that could be present in ISOL-based mass
measurements because of the different ionization potentials of the
elements being compared, has received some consideration. Estimates have
been made of the degree to which a recently introduced interleaved mass-
scanning procedure reduces errors arising from fluctuations in separator-
beam intensity.

Construction of the detectors of the new 32-element forward arm* was
completed. The seven elements used in the trial experiment performed
extremely well. The manufacture of the detector cans and the support
structure is partially complete.

A number of significant changes and improvements have been made to the
miniball detector array and its associated electronics both to improve its
performance and to permit flexibility in the choice of solid-angle
coverage.

Significant development of, and improvements to, software used for the
analysis of data from the 8* spectrometer and the miniball-8jr-spectrometer
combination have taken place. Software for the analysis of triple-gamma-
ray data has received special attention.

The new TASCC Phase II computer was installed and commissioned in October
and is now used part-time for data analysis while overall system
development continues. The anticipated improvement in data playback rates
is fully realized. Upgrades have been made to the 3230 facility to
maintain its reliability and serviceability.

The capability to do AMS dating work based on 14C was fully restored and
significant progress made in developing satisfactory 36C1 detection.

The power supplies for the Q3D spectrometer were restored to working order
in current-control mode. The vacuum and mechanical aspects of the
facility are now operational at a level that should be completely adequate
for the planned atomic-physics measurements.

In support of the cyclotron, improvements were made to the extraction-
channel probe, and design of an X-Y steerer for the extraction beam line
was completed. Work has been done to improve the mathematical tools
available for ion-optic calculations.
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1.5 PHASE II

The commissioning of the TASCC Phase II beam lines by delivery of beam to
all target locations was completed. Only very minor problems were
identified. This activity marked completion of the Phase II beam-line
installation work.

1.6 ACCELERATORS

The cyclotron operated for two research experiments during the period as
well as for beam-development purposes. The experiments utilized silver-
107 and chlorine-37 beams, the latter being a high-energy 7T-mode beam.
Overall, the report period was again a time of extraordinary effort and
commensurate success for the entire TASCC Beam Commissioning Group. Six
new beams were developed over five development runs, bringing the total
number of available beams to seventeen:

I 127 at 11 MeV/u
I 127 at 10 Mev/u
I 127 at 5.6 MeV/u
I 127 at 5.12 MeV/u

Br 79 at 20 MeV/u
Br 79 at 18 MeV/u
Br 79 at 15 MeV/u
Br 79 at 13 MeV/u
Br 79 at 10 MeV/u
Br 79 at 6.5 MeV/u

Ag 107 at 13 MeV/u
Ag 107 at 11 Mev/u
Ag 107 at 10 MeV/u
Ag 107 at 6.5 MeV/u
Ag 107 at 5.6 MeV/u

Cl 37 at 22.5 MeV/u (TT)
Cl 37 at 5.5 MeV/u

* New beams

Of greatest significance was the development of the Cl 37 beam at 22.5
MeV/u. It is the first high energy (h=2) w-mode beam produced with this
machine, and thus verifies that this mode of operation is feasible. No
particular problems were encountered other than the expected 7r-mode
heating, which was dealt with by the installation of additional cooling
around the probe entrance ports. The beam was subsequently used in a six-
day experiment by a group from Laval University. In this run, we produced
a record 100 **A of beam current — about an order of magnitude more than
required by the experiment — and experienced nearly 100£ beam
availability.

The Commissioning Group continued its efforts to improve all subsystems of
the cyclotron, with two areas receiving extraordinary attention. In the
r.f. group we experienced an almost total turnover of personnel. This led
to severe but temporary problems around mid-year. However, the new team
settled in fast, and by now both the system and its operational procedures
have been significantly improved.

The performance of the electrostatic deflector, the single most important
performance-limiting subsystem, has also been improved but is not yet
satisfactory. At the beginning of the report period, the deflector voltage
could not always reach 40 kV reliably. Through the concentrated effort of
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a newly formed eight-member team, 65 kV now appears to be reliably
available, with a record performance of 70 kV. More importantly, a sizable
program has been started to investigate the remaining problems.

The Tandem accelerator operated extremely well during the period, producing
beams for nuclear physics experiments in the Tandem-only mode, for beam
development purposes with the cyclotron and for nuclear physics experiments
with the cyclotron. Experiments were carried out at routine terminal
voltages as high as 14.6 megavolts. Towards the end of the period an
experiment was carried out for the first time at a terminal voltage of 15
megavolts. There were no voltage breakdowns during the run. The Tandem
operation was further upgraded at the end of the period with the
installation of a new foil stripper in the high energy end of the Tandem,
thus extending the energy range of the accelerator.

The facility operating record is given in Table 1.6.1.

TABLE 1.6.1

TANDEM AND CYCLOTRON OPERATING RECORD
1989 JULY 01 - DECEMBER 31

Time (hours)
USE TANDEM CYCLOTRON

Beam Available 2884.2
Beam Setup 589.6
Scheduled Shutdown 803.0
Unscheduled shutdown 140.2

Total elapsed time 4417 hours.

1.7 PUBLICATIONS. DOCUMENTS AND TALKS

Publications

LEWIS LECTURE — WILKINSON LINKS ART AND SCIENCE
J.C. Hardy
Physics in Canada, Vol. 46, No. 1, January 1990.

Talks

TASCC, THE FIRST THREE YEARS
J.C. Hardy
Physics colloquium delivered to CRNL Staff, 1989 September 21.

112
463

3702
na

.8

.3

.9

.0
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MASS MEASUREMENTS OF EXOTIC NUCLEI
J.C. Hardy
Invited talk at the 1989 International Chemical Congress of Pacific Basin
Societies, Honolulu, Hawaii, 1989 December 17-22.

Conference Abstracts

DIRECT MASS MEASUREMENTS WITH RADIOACTIVE NUCLEAR BEAMS
E. Hagberg, K. Sharma, G. Dyck, V. Koslovsky, H. Schmeing, J.C. Hardy and
R. Barber
Poster presented at the First International Conference on Radioactive
Nuclear Beams, Berkeley, California, 1989 October 16-18.
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(9) Terminated as a Research Fellow 1989 August 31; presently an

Attached Staff member.
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(11) Member of experimental team from the Institute of Modern Physics,

Lanzhou, The People's Republic of China; arrived 1989 March 15,
departed 1989 July 27.

(12) Joined TASCC A&D Branch 1989 September 25 from CEBAF.
(13) Joined TASCC A&D Branch 1989 July 19 from the University of

Illinois, Nuclear Physics Laboratory.
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3.1 RESEARCH

3.1.1 Projectile Fragmentation of 22.5 MeV/u 37Cl on Al. Ni and Au

J. Poullot, R. Roy, C. St.Pierre, N. Djebari, D. Dore,
S. Gilbert, S. Houde and R. LaForest (Universite Laval) vith
G.C. Ball, E. Hagberg, M.G. Steer, R.B. Walker and T.G. Whan

A preliminary study of projectile fragmentation of 37Cl on Al, Ni and Au
targets was carried out with the new 22.5 MeV/u 37C1 beam available from
TASCC. Seven elements of the new forward array (See PR-PHS-P-6: 3.2.9;
AECL-9859) together with two phoswich detectors and two prototype CsI(Tl)
detectors from Universite Laval were positioned at forward angles, some
detectors in a horizontal plane with respect to the target and others in a
vertical plane. Two moveable Si AE-E counter telescopes were used to
measure fragment angular distributions from 9=9.5' to 30*. Phoswich-
singles and silicon-phoswich coincidence data at 0si=l4'

 ant* 22* were also
obtained. Calibration runs were carried out with 22 to 27 HeV protons.

The performance of the new forward-array elements was excellent (see PR-
PHS-P-8: 3.2.4; AECL-10102). In addition, very good particle
identification was achieved with the prototype CsI(Tl) detector by gating
on the fast and slow components of the signals from the phototube.
Analysis of the data is progressing in preparation for an experiment with
the full forward array in early summer.

3.1.2 Study of Highly Excited Nuclear-Hatter Systems with an Exclusive
Impact-Parameter Trigger

C. Pruneau, G.C. Ball, E. Hagberg, D. Horn and N.G. Steer with
S. Gilbert, L. Potvin, C. Rioux and C. St-Pierre (Universite
Laval), T.E. Drake, A. Galindo-Uribarri and G. Zwartz (University
of Toronto), S. DasGupta and C. Gale (McGill University) and
D. Cebra, S. Howden, J. Karn, C. Ogilvie, A. Vander Hollen,
G.D. Westfall, J. Winfield and K. Wilson (NSCL Michigan State
University)

Analysis of the experiment to study the impact-parameter dependence of
fragment mass and energy distributions from heavy-ion collisions is
continuing. The experiment carried out at MSU in 1988 September has been
described in detail previously (PR-PHS-P-7: 3.1.2; AECL-9995). Most of
the playback required for all projectile-target combinations has been
completed. In addition, the apparent discrepancy in the efficiency of the
Si telescope for low energy (<, 30 MeV) protons is now understood.

Specific aspects of the experimental analysis being pursued by different
groups include: 1) light-ion angular distributions and energy spectra in
the ball data by T.E. Drake and G. Zwartz, 2) correlation of light-ion
flow patterns with impact parameter by C. St. Pierre and S. Gilbert and
3") theoretical calculations with a Boltzmann-Uehling-Uhlenbeck-based model
by S. DasGupta and C. Gale.

A short paper Is in preparation.
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3.1.3 The Gamov-Teller Decay of 39Ca

E. Hagberg, V.T. Koslowsky, T.K. Alexander, G.C. Ball,
J.S. Forster, with J.C. Hardy (TASCC Division), H. Schmeing
(TASCC Accelerators and Development Branch) and J.R. Leslie and
H-B. Mak (Queen's University)

The Gamow-Teller /3-decay branch from 39Ca (3/2+) to the 2552 keV excited
state (l/2+) in 39K is analogous to the 7-ray deexcitation of this excited
state to the ground state (3/2+) in 39K. Both transitions connect d3/2

and s 1 / 2 states and are thus /-forbidden for a standard Ml operator. Such
transitions can only proceed through configuration admixtures in the
single-particle wave functions or through nuclear meson-exchange currents.
Any theory attempting to describe such second-order effects can be
stringently tested by a comparison of the Ml and GT strengths of these l-
forbidden transitions. At present, theory and experiments are far apart.

The experimental data on the Ml part have been independently verified by
several different experiments (See PR-P-PHS-P-5: 3.1.3, AECL-9758). The
GT decay, however, rests on one single experiment. A remeasurement of
this decay branch is therefore warranted before the theory can be proven
wrong. Such a measurement is very difficult because of the small
branching ratio of the transition to the 2552 keV state, 2 x 10"5;
background from the strong branch to the ground state is considerable.
Furthermore, in the one experiment performed, the 39Ca activity was
produced by protons incident on a KC1 target and unfortunately 70% of the
activity seen came from 35Ar produced in the Cl component of the target.

Our aim is to repeat this measurement of the /-forbidden GT branch in
39Ca. In order to get a good quality result the contaminants produced
must be considerably reduced and the background level in the 2552 keV
region of the 7-spectrum must also be reduced by a more selective counting
system.

A first experiment has been made. The 39Ca activity was produced with a
proton beam incident on a KF target. A NaCl-loaded helium-jet system was
used to transport the activity from the target chamber to the counting
location. In a one-hour experiment, 35 million decays of 39Ca were
observed. There was no sign of any Ne isotopes, produced from the F
target component, presumably because this gaseous element does not stick
to the salt aerosol in the helium-jet transport system and consequently it
is pumped away. The largest visible contaminant was 38K, present at a
level of less than \%.

The contaminant problem in a future experiment thus appears to be solved.
We are now working on an improved counting system to reduce the 7-ray
background level.



3-3

3.1.4 Precise Half-life Determinations of Superalloved 8 Emitters

V.T. Koslovsky, E. Hagberg, U. Perry, M.J. Uatson with J.C. Hardy
(TASCC Division), H. Schmeing (TASCC Accelerators and Development
Branch), and G. Dyck (University of Manitoba)

Three ISOL runs were dedicated to the measurement of the <6V, 50Mn and
54Co half-lives. The activities vere produced by bombardment of a stack
of 15 targets, either 46Ti, 50Cr or 54Fe, with a 5 to 10 MA, 17 HeV proton
beam from TASCC. The radioactivity was swept via helium gas to the Chalk
River Helium-jet Ion Source. Typical initial decay rates per sample for
< 6V, 50Mn and 54Co vere 6000, 10000 and 6000 Bq, respectively, and
statistical uncertainties below ±0.05£ were achieved for all three cases.

At present the accuracy of the measurements is limited to about ±0. 1Z by
systematic errors that are not thoroughly understood. Interestingly, the
experimentally observed x2 distribution is displaced to higher values by
about 10Z although its shape is not distorted. The bias in the x2 values
is correlated with gas-counter voltage. All data points in the counting
interval contribute equally to the inflated x2 • There does not appear to
be a correlation with decay rate and there is no evidence, based on
examination of the residuals, of additional decay components. Background
measurements with the same counting apparatus indicate that all background
events are Poisson distributed.

The effect is thought to be due to saturating unipolar amplifier signals
that superficially recover quickly in about 300 ns but are accompanied by
a small tail with a long decay time that prevents the discriminator from
recovering before the subsequent, well-controlled and accurately measured
2 or 3 us pulse-width generator. This last device is normally expected to
provide the reliable, well-defined dead-time in these measurements. It is
noteworthy that counting-plateau measurements and pulser-source dead-time
measurements have failed to detect this shortcoming. Further off-line
tests will investigate the pros and cons of other pulse-shaping techniques
with and without signal clipping.

3.1.5 Direct Mass Measurements of Bromine Isotopes

E. Hagberg, V.T. Koslovsky, with J.C. Hardy (TASCC Division),
H. Schmeing (TASCC Accelerators and Development Branch) and
G. Dyck, K.S. Sharma, and R.C. Barber (University of Manitoba)

A direct mass measurement with the on-line isotope separator of the 72Br-
73Br mass difference was performed. Sixteen scans (See PR-PHS-P-6: 3.1.8;
AECL-9859) vere made over the two masses. As expected (See PR-PHS-P-7:
3.1.4; AECL-9995) the deduced mass of 72Br, 71 936 410 ± 210 nu, is more
precise than our previous measurement of seven years ago,
71 936 380 ± 330 nu. The improvement is due to better ISOL stability (PR-
PHS-P-6: 3.2.5; AECL-9859) as well as a better measurement procedure (See
PR-PHS-P-8: 3.2.2; AECL-10102). The final result for the 72Br mass based
on our two measurements is 71 936 400 ± 180 A*U.

The ISOL beam at mass 72 is actually a mixture of 72aBr and 72Br.
Although these two beams are not resolved by the ISOL, their mass
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centroids can nevertheless be determined independently vith our technique
of tagging the events by 7-rays from the decay of the nuclides under
study. A small correction, -35 ± 7 jm, was applied to our mass value for
72Br to account for those events in which a 72"Br nucleus passes our
defining slit and is collected in our sample, then decays by an internal
transition to 72Br which subsequently decays while the sample is being
counted, giving rise to an event with the wrong r-ray tag.

The isomeric state in 72Br is known from 7-ray spectroscopy to be situated
101 keV above the ground state. Our measurement of the difference between
the 72"Br mass centroid and the 72Br mass centroid is 96 ± 185 keV, in
good agreement with the 7-ray data.

The presence of isomeric states has plagued many other direct-mass-
measurement facilities since the states could not be resolved
experimentally. Only one other direct-mass-measurement system, the
Penning trap developed by the University of Mainz, has the potential to
separate isomeric states and ground states.

3.1.6 Preparations For Future Direct Mass Measurements

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

Some tests have been done in order to evaluate and optimize the
experimental conditions for potential future direct mass measurements. In
the first test with the He-jet ion source the production rates of some
rare-earth elements were investigated. This test showed that the 1S2Er-
153Er mass doublet could be measured, with the optimum conditions being an
84 MeV 1 2C beam incident on a stack of three 1.4 mg/cm2 thick X44Sm
targets. The 155Yb-156Yb mass doublet is just barely measurable, with the
best conditions being obtained from a 155 MeV 160 beam incident on a
single 2 mg/cm2 thick 144Sm target.

A second test with the FEBIAD source showed that a good triplet mass
measurement is possible for the 106Sn-107Sn-108Sn mass triplet. The best
conditions were obtained with a 105 MeV 19F beam incident on a 2 mg/cm2

thick target of enriched 92Mo. The production rate of 102-103Cd was also
large enough that a mass measurement can be made but contamination from
io2,io3jn v o uid make the interpretation of such an experiment very
difficult. The best way of performing such an experiment would be with a
14N beam on a 92Mo target, which would remove the In contaminant. Such a
test awaits the development of a nitrogen beam from the tandem.

Some of these promising mass-measurement cases will be attempted in the
near future.
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3.1.7 Identification of a Deformed nh11/3 Band In 113Sb

V.P. Janzen (CRNL/McMaster), H.R. Andrews, and D. Ward with
J.K. Johansson and J.C. Uaddlngton (McMaster University),
A. DJaafrl, S. Monaro, N. Nadon and S. Pilotte (Universite de
Montreal) and T. Drake and A. Galindo-Uribarri (University of
Toronto).

The 94Mo(23Na,p2n) reaction used to populate high-spin states In 1 M T e
(see PR-PBS-P-8: 3.1.8; AECL-10102) also yielded information on
neighbouring nuclei via a number of competing channels. One of the
strongest products is 113Sb, corresponding to the 2p2n channel. The
lowest states of this nucleus have been interpreted as nd6/2, ng7/2 and
nh11/2 quasiparticles coupled to a nearly spherical Z=50 Sn core (Shroy
et. al., Phys. Rev. C19 (1979) 1324). In addition, strongly coupled
rotational bands based on 9/2* levels have been observed in a wide range
of Sb nuclei. Occupation of the 7tg9/2 "intruder" hole state tends to
drive the nuclear shape to a prolate deformation of fi2 - 0.2 (van Isacker
et. al., Nucl. Phys. A292 (1977) 125). These features have been known for
some time, and the *g9/-2 bands have been studied widely in this mass
region to understand the onset of nuclear deformation in nuclei with
increasing Z beyond the Z = 50 closed shell.

A new feature seen in our data is a cascade of stretched E2 7-ray
transitions feeding the spherical states around spin 15/2. Theoretical
calculations based on the Woods-Saxon cranked shell model indicate that
this band probably has a *h 1 1 / 2 configuration, with a deformation
considerably larger than that associated with a hole in the tg9/2

"intruder" orbital. The large initial alignment and the decoupled
structure of the new band are both consistent with a K = 1/2 h 1 1 / 2

assignment. The Routhian for the *h11/2 orbital lies surprisingly low in
excitation energy for this Z-value, and crosses the *g9/j Routhian at
Ku> - 0.23 MeV. It seems plausible that the *h 1 1 / 2 (0=1/2) orbital, which
slopes strongly downward in the Nilsson diagram, has a strong shape-
driving effect at Z - 50, so that its occupation drives the nucleus to
larger deformation with a corresponding lowering of the quasi-particle
energy.

Further analysis is in progress.

3.1.8 Study of Collective Structures in 114Te

V.P. Janzen (CRNL/McMaster), H.R. Andrews, and D. ward with
J.K. Johansson and J.C. Vaddington (McMaster University),
A. DJaafri, S. Monaro, N. Nadon and S. Pilotte (Universite de
Montreal) and T.E. Drake and A. Galindo-Uribarri (University of
Toronto).

As outlined in the previous progress report (PR-PHS-P-7: 3.1.6; AECL-
9995), we have investigated the collective structure of 114Te, which is a
transitional nucleus with two protons outside the Z = 50 closed shell.
Analysis of the 7-7 coincidence data has continued, and approximately 35
previously unknown 7-rays have been assigned. A preliminary level scheme
has been developed in which the known quasi-vibrational band structures
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appear to remain yrast up to the highest spins observed. So far there is
no clear evidence of the rotational bands that appear both as "intruder"
structures in nearby Z = 50 Sn isotopes and as ground-state bands in the
Z = 54 Xe nuclides. Further analysis is in progress to complete the level
scheme and to assign level spins from the measured directional-correlation
ratios.

3.1.9 Spectroscopy of 1 2 7Ba

D. Vard, D.C. Radford, H.R. Andrews (CRNL) with V.P. Janzen
(CRNL/McMaster), J.C. Waddington and J. Johansson (McMastyr), and
A. Galindo-Uribarri (University of Toronto)

As part of our program to study detailed spectroscopy in the mass A~130
region, we have initiated a new series of experiments on 1 2 7 B a . To obtain
the best view of low-spin states (J ~ 20 h) we used a light projectile.
The reaction 1 1 7Sn (13C, 3n) was explored at 52, 56 and 60 MeV with a
gold-backed target. At 52 MeV and 56 MeV, the 2n channel leading to 1 2 8Ba
was a strong contaminant even after H (total energy) and K (7-ray
multiplicity) selection. At 60 MeV the An channel leading to 1 2 6Ba was
dominant in the ungated spectra, but it was found that a stringent
selection on H (total energy) and K (7-ray multiplicity) resulted in a
fairly clean final matrix, albeit at the expense of two thirds of the
data. For H m i n = 12 MeV, KmLn = 12, we found the coincidence Intensities
shown in Table 3.1.9.1. Approximately 160 M events were recorded above a
K=7 trigger at 60 MeV bombarding energy.

The data are presently being analyzed.

TABLE 3.1.9.1

RELATIVE STRENGTH OF COMPETING REACTION CHANNELS
IN THE FINAL MATRIX AFTER (H, K) SELECTION

Nucleus

* 2 6 Ba

1 2 7Ba

128Ba

Coincident Pair
(keV)

256, 455+

present level
scheme*

284, 479+

Intensity

15

100

22

+ According to the present level scheme, all
of the 7-ray flux goes through this
coincident pair.

* Summed over many pairs. The strongest
pair, 7483, 7645, represents -0.25 of the
total 127Ba population.
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3.1.10 Energy-Loss Measurements for 6.5 HeV/u and 10 MeV/u 107Ag Ions in
Thin Si Crystals

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

Energy-loss measurements have been carried out for high-energy 1 2 7I ions
in a thin single crystal of Si. The experiment consisted of measuring the
transmitted-beam energy spectrum in a silicon surface-barrier detector
situated directly behind the 2^m thick, silicon crystal.

Beams of 6.5 MeV/u i°7Agi9+ and 10 MeV/u i<>7Ag2i + f r o m t h e TASCC cyclotron
were reduced in intensity to -1000 particles per second for the
measurements. Ve reduced the intensity by turning off all quadrupoles
from QE12 to the ORTEC chamber and by closing the apertures in the beam
line to <1 mm in x and y; this had the further advantage of limiting the
beam divergence to -50 /irad, i.e. a nearly parallel beam, vhich is
necessary for the channeling measurements.

Energy-loss measurements were determined from the spectra for the crystal
aligned to the beam along the <100> axis, the (110) plane, the (100) plane
and a random direction; a measurement was also made with the crystal
removed in order to obtain the incident beam energy. As well as using the
beams with the charge state from the cyclotron, we made additional
measurements for 39+ (at 10 MeV/u) and for 35+, 37+, 39+ and 41+ (at 6.5
HeV/u) by stripping the beam in a -150 /ig/cm2 carbon foil positioned
midway between the cyclotron and the analyzing magnet, BE1, which was used
to select the charge state.

For both the 10 MeV/u and 6.5 MeV/u data, the energy loss of axially-
channeled ions was considerably lower for the low charge (19+ and 21+ for
6.5 MeV/u and 10 MeV/u respectively) than for the higher charge states.
However, similar energy losses were observed for both the (100) and (110)
planes, with all charge states. In order to understand the results
properly, further measurements need to be made with selection on outgoing
as well as incoming charge states. Such measurements are planned and will
use the CRNL Q3D spectrometer.

3.1.11 The Role of Charged Particles in the Population of the 133Nd
Superdeformed Band

A. Galindo-Uribarri , T.E. Drake, G. Zwartz (University of
Toronto) and T.K. Alexander, H.R. Andrews, G.C. Ball,
J.S. Forster, V.P. Janzen (CRNL/McMaster), D.C. Radford, and
D. Ward with J.K. Johansson, D. Prevost, J.C. Waddington
(McMaster University) and S. Flibotte, S. Pilotte (Universite de
Montreal)

The evolution of the nuclear shape with increasing angular momentum is a
major topic of current interest in nuclear physics. Some authors (e.g. G.
La Rana et al., Phys. Rev. C37 (1988) 1920) have recently claimed that in
order to reproduce experimental evaporated-particle spectra, very large
deformations are required in their calculations. However, most of these
studies were made without channel selection and the conclusion is
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controversial (e.g. N.G. Nicolis and D.G. Sarantites, Phys. Rev. £40
(1989) 2422).

We report on the first results of a current program of research on
charged-partlcle evaporation spectra from heavy-ion-induced reactions as a
probe of shapes in highly excited nuclei. As a result of the successful
preliminary run, (PR-PHS-P-7: 3.1.10; AECL-9995) an experiment vas
performed vith the complete Miniball (full array of 16 CsI(Tl) crystals
coupled to large area photodiodes) (PR-PHS-P-7: 3.2.10; AECL-9995). We
studied nuclei near mass 130, in particular the proton spectrum associated
vith the superdeformed band in 133Nd (R. Wadsworth et al., J. Phys. GJ_3
(1987) L207). A beam of 155 MeV 32S bombarded a 1.2 mg/cm2 105Pd target.
Light charged particles were detected at 45*, 90* and 135* to the beam
direction.

The charged particles were recorded in coincidence vith 7 rays detected in
the 8* spectrometer. Excellent light-particle identification in the
CsI(Tl) detectors vas achieved by pulse-shape discrimination techniques.
Tventy-three million proton-7-7 events vith a trigger K 2 10, i.e. vith at
least 10 BGO detectors firing, vere recorded on tape.

The playback and sorting of data into 4k x 4k 7-7 matrices, requiring a
coincidence vith a single proton or a single a, is nov completed. Also 4k
x 4k proton-7 and 0-7 matrices have been generated. With the help of a
"catalogue" of the knovn strongest 7 rays of nuclei in this region, (10
different nuclei have been identified), ve are currently studying the
charged-particle evaporation spectra leading to these residual nuclei.

We obtained the 7-ray spectrum shovn in fig. 3.1.11.1 from the 133Nd 7-7
matrix, by requiring a coincidence vith a single proton and by setting
gates on 9 out of the 16 knovn members of the superdeformed band. Fig.
3.1.11.2a shovs the corresponding proton spectrum at 45* associated vith
the superdeformed band in discrete 7-ray peak gating. Shovn in the same
fig. 3.1.11.2a, although it is not distinguishable by eye, is the
corresponding proton spectrum associated vith a negative-parity band in
133Nd vith lover deformation (S.M. Mullins, Ph.D. Thesis 1987, York
University); fig. 3.1.11.2b shovs the difference spectrum. It is clear
that insignificant differences in the proton spectra exist in spite of the
definite change in deformation between the superdeformed and negative-
parity band in 133Nd. In contrast, figure 3.1.11.2c shovs the proton
spectra associated vith the 2pn and 2p3n channels leading to 134Nd and
132Nd yrast bands, respectively, where large differences are observed.

3.1.12 Spectroscopy of 150Tb

J.C. Waddington, D. Prevost, A. Omar, J.L. Rodriguez, J. Johansson
(McMaster University) vith D. Ward, D.C. Radford, G.C. Ball,
H.R. Andrews (CRNL), V.P. Janzen (CRNL/McMaster), and T. Drake,
A. Galindo-Uribarri (University of Toronto)

There has been vorld-vide interest in the recent discovery of "tvinned"
superdeformed bands (P. Fallon et al., Copenhagen Workshop 1989) i.e. a
band in nucleus (Z,A) having the same cascade 7-ray energies to vithin
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±1 keV as a band in the nucleus (Z, A + 1) or (Z + 1, A + 1). In tvo cases
isiTb':i52Dyf an(j i50Gd* :i5iTb it appears that a proton in the lighter
system has been promoted to occupy the configuration found in the heavier
system (the asterisk denotes an excited superdeformed band). In the third
case a52Dy:153Dy* the signature-degenerate bands (band 2 and band 3 in
Johansson et al., Phys. Rev. Lett. 63 (1989) 2200) have the neutron
configuration {514, 9/2) outside the closed-shell (at 0=0.6) configuration
of 152Dy. Therefore, it appears that there are special orbitals whose
occupancy with either particles or holes has no effect on the rotational-
energy properties of the core at the level of one part per thousand, i.e.
less than one tenth of the expected A5/3 dependency.

Ve have investigated 150Tb to search for multiple superdeformed bands using
the reaction 124Sn (31P, 5n) 150Tb at 156 MeV. The lowest band is known
(M. Delaplanque et al., Phys. Rev. C39 (1989) 1651). Approximately 450 H
events were recorded. The known band was prominent in the data. However,
to date we have not found any candidates for excited bands. Analysis is
continuing.

3.1.13 Study of Charged Particles Populating the 152Dv Superdeformed
Band

A. Galindo-Uribarri, T.E. Drake and G. Zwartz (University of
Toronto) with T.K. Alexander, H.R. Andrews, G.C. Ball,
J.S. Forster, V. Janzen (CRNL/McMaster), D. Radford, D. Uard
(CRNL) and I. Fallas, J. Johansson, D. Prevost, J. Rodriguez,
J. Vaddington (McMaster University) and N. Nadon, S. Flibotte,
S. Pilotte (Universite of Montreal)

An experiment has been carried out to study the influence of the nuclear
shape on the charged-particle spectrum in the 150-mass region, with
particular interest in the proton spectrum (p4n channel) associated with
the known superdeformed band in 152Dy (P.J. Twin et.al., Phys. Rev. Lett.
52 (1986) 811). In this region, neutron emission is dominant and the
alphas are more numerous than the protons. Additionally, the intensity of
this band when populated by the 4n reaction Is at the 2% level.

A 187 MeV beam of 37C1 was used to bombard a 1.2 mg/cm2 target of 120Sn.
The first experiment, with the full array of 16 CsI(Tl) crystals coupled
to large-area photodiodes (PR-PHS-P-7: 3.2.10; AECL-9995), was made in
July during a 7-day run. A second run was done in August. A total of 60
tapes of data were obtained. Preliminary analysis showed that the known
superdeformed band in 152Dy was indeed populated. The mass-150 data have
been replayed with improved particle identification gates to generate the
corresponding single-proton 7-7 and single-alpha 7-7 matrices. Currently
we are working on optimizing the gates to obtain the superdeformed band
and generate the 7-particle matrices with which to study the associated
charged-particle spectra.
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3.1.14 Search for Large-deformation Triaxialitv In 166Hf

V.P. Janzen (CRNL/HcMaster), B.R. Andrews, D.C. Radford and
D. Ward with J.K. Johansson and J.C. vJaddingtc. (McHaster
University) and T.E. Drake and A. Galindo-Uribarri (University of
Toronto) and A. Djaafri, B. Ferraoun, J. Mailloux and S. Monaro
(Universite de Montreal)

There are now many examples of very large nuclear deformations occuring in
a number of different mass regions, all of which have been characterized
by prolate or near-prolate ellipsoidal shapes. However, there are also
theoretical predictions of other types of large-deformation shapes, for
example 02 - Cf.43, 7 = 20 - 30* calculated for nuclei in the light Hf
region (I. Ragnarsson, Phys. Rev. Lett. 62 (1989) 2084; Bengtsson et al.,
to be published). The discovery of these unusual shapes and the
experimental determination of their characteristics would provide a very
interesting test of the current theoretical models.

A recent study of continuum 7-ray correlations in the i6o-i66gf isotopes
has revealed ridge-valley structures that point to noticeable decreases in
the dynamical J<2> moments of inertia above ftw - 0.5 MeV (Theine et al.,
Z. Phys. A334 (1989) 361). The measured values of J<2» at high frequency
are consistent with those predicted for the calculated triaxial
configurations. However, this feature cannot be taken as a clear-cut
indication of large-deformation triaxiality; it could be interpreted as
evidence for the alignment of high-j quasiparticles. The observation of
discrete-line collective features at very high spin, and of the means by
which they decay to the known yrast bands, would be much more revealing.
Therefore, ve have undertaken a search for large-deformation triaxial
structures in 166Hf near the center of the region in which the calculated
energy surfaces contain features that might be accessible to experiment.

High-spin states in 166Hf were populated via the 142Ce(29Si,5n) reaction,
with a 29Si beam at an energy of 160 MeV. The 5n channel was chosen in
order to enhance the population of large-deformation bands by analogy to
the feeding of prolate superdeformed bands in the A = 150 region. Gamma-
ray coincidences were acquired with the 8TT spectrometer array. After
appropriate selection of total energy, H, and 7-ray multiplicity, K,
conditions, approximately 200 x 106 7-7 events were sorted into an E71-E72
matrix. Following the subtraction of uncorrelated background events, we
have begun analysis of the continuum ridge-valley structure in order to
determine the average dynamical moment of inertia, J(2), as a function of
7-ray energy. In addition, the matrix is being examined for weak
discrete-line correlations with the "Band-Aid" technique of Kuehner et al.
This search is being carried out over a wide range of 7-ray energy
spacings, corresponding to both constant and variable J(2) moments of
inertia. Results of the two methods of analysis will be compared to
detailed calculations of the large-deformation triaxial configurations
postulated to be present in this nucleus (I. Ragnarsson, priv. comm., and
Bengtsson et al., to be published).
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3.1.15 The Effect of Near-Surface Fe on Deuterium Ingress Into Zr-
2.5vtINb at Room Temperature

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

Fe is a common impurity element, present at a level of 1500 ppm, in Zr-
2.5wtZNb pressure tubes in CANDU reactors. It is known from transmission-
electron-microscopy studies that Fe is present as intermetallics of the
type ZrFe2 and, in heat-treated material, may be concentrated near the
surface. (This has not yet been established with any certainty.) Fe has
been speculated to decrease the uptake of D by pressure tubes. To
investigate the effect of Fe on the uptake of deuterium, we have made
measurements with thin (2-4 /xm) foils of cold-rolled Zr-2.5wt£Nb implanted
with 40 keV 56Fe ions.

The foils were implanted to doses of 1015, 1016 and 1017 Fe atoms/cm2 with
the CRNL HV implanter. As well, one of the foils was predamaged by
implanting 5 x 1017 4He atoms/cm2 before implantation of 1017 Fe
atoms/cm2.

The foils were mounted in a compact cell which was described earlier (PR-
PHS-P-6: 3.1.15; AECL-9859). Ve introduced deuterium into the foils by
etching the native oxide with a solution of 0.1Z NH«HF2 in D20. A five-
minute etch resulted in D uptake into the foils to a mean depth of 100-200
nm.

After the etch, the cell was flushed thoroughly with H20 and left filled
vith H20. The D concentration in all four foils was measured, in situ, by
observation of protons, at 170° to the beam direction, from the D (3He,
p)4Re reaction. The 3He beam energy was chosen so that the maximum in the
cross-section (-0.8 MeV) would occur at the liquid-solid interface. A
separate measurement was made with a 0.8 MeV 3He beam, after the cell was
emptied and the foil mount reversed so that the original liquid side of
the foil faced the beam.

The results of these experiments were as follows:

1. The uptake of deuterium in the 1015/cm2 Fe implanted foil was similar
to that for an unimplanted foil, ie. -5 at% D in the near-surface
region.

2. The uptake of deuterium in the 1016/cm2 and 1017/cm2 implanted foils
(including the predamaged one) was considerably greater: viz. -25 atZ
for each foil in the near-surface region.

3. The similarity of the 1016/cm2 and 1017/cm2 data is not surprising.
We realized, subsequent to the experiment, that the sputtering
coefficient for 40 keV Fe on Zr is approximately 2. The mean range
for 40 keV Fe implanted into Zr-2.5wtZNb is -24 nm; for 1015/cm2 Fe
atoms and a sputtering coefficient of 2, approximately 0.5 nm of the
surface would be sputtered with negligible effect on the range
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distribution. For a 1016/cm2 Pe implant, approximately 5 nm of the
surface would be sputtered, again with little effect on the range
distribution. However, for a 1017/cm2 Fe implant, approximately 50 nm
(twice the mean range of the Fe) would be sputtered; thus, one would
expect similar amounts of Fe left in the foil after both 1016/cm2 and
1017/cm2 implants, with the 1017/cm2 implant resulting in a broader
distribution. This was observed in the data.

4. In all of our work, on deuterium ingress, in which the ammonium
bifluoride in D20 was used as an etchant to introduce deuterium into
the foil, we observed a small amount, -0.5 atZ, of deuterium that
diffused through the foil to the vacuum surface. This also occurred
for the Fe implanted foils. However, for the 1017/cm2 Fe implant that
was predamaged by 4He we found that approximately half as much
deuterium diffused through to the vacuum surface as for the 1017/cm2

foil that was not predamaged. This is consistent with deuterium being
trapped in the 4He pre-damaged region of the foil.

Ue have done the experiment with the 1017/cm2 Fe-implanted foil twice,
with the same result at the 10Z level. In our next experiment we shall
repeat the measurements for the 1015/cm2 and 1016/cm2 foils.

3.2 INSTRUMENTATION AND FACILITY DEVELOPMENT

3.2.1 ISOL: Operation and Development

V.T. Koslowsky, E. Hagberg, I. Neeson, W.L. Perry and M.J. Watson
with J.C. Hardy (TASCC Division), H. Schmeing (TASCC Accelerators
and Development Branch) and G. Dyck (University of Manitoba)

Six on-line experiments have been performed in collaboration with
scientists from the University of Manitoba. These experiments involved a
72,73gr mass-difference determination; yield measurements of Yb, Er, Pd,
Cd, Sn and Ba isotopes, and half-life determinations of 46V, 50Mn and
54Co. They are described elsewhere in this report (PR-PHS-P-8: 3.1.4,
3.1.5 and 3.1.6; AECL-10102)

a) Helium-jet Ion-Source Developments

The helium-jet ion source has been altered in a number of ways to improve
its operational reliability at high temperatures. For example, the source
is now equipped with Nimonic springs that do not anneal when the upper
ion-source heater is running. The support-gas feedthrough with a
problematic Ta/C coupling has been relocated. The support gas now enters
through a hollow anode-cylinder locating pin, thereby eliminating the
coupling. The ion-source cover plate has been altered so that a larger
gap exists between it and the upper portion of the anode cylinder.
Consequently, high-temperature-related cracking of the cover plate no
longer occurs.

The side-jet has been permanently installed and is used on a routine
basis. This has permitted a three-fold increase in the helium flow
through the target chamber without its altering the base pressure of the
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ion-source or the radioactive yield. Ue anticipate that an additional
three-fold increase in flov can be accommodated, but this has not yet been
tested.

On-line and off-line operating experience with the He-Jet source over the
past few months indicate that we have reached the maximum operating
temperature of the source, the upper half being 19OO'-2OOO*C. At this
temperature the anode cylinder expands sufficiently to bend, loosen or
break one of the two locating pins; the upper Ho support yoke, which
reaches 900*-1100'C, expands sufficiently to jam the anode suspension
system; silver-soldered components, such as the filament holder, come
apart; and the soft solder in the water-cooled back-plane melts. Further
increases in temperature can only be accommodated by major source design
changes. These are in progress.

One of the shortcomings of the present upper ion-source heater (See PR-
PHS-P-6: 3.2.3; AECL-9859) is that the heat is distributed equally between
the top anode support yoke and the region just above the extraction slit.
Ideally only the central region of the anode cylinder should be heated. A
second shortcoming is that the upper hair-pin filament is difficult to
locate properly so as to avoid unwanted "hot-spots". To improve upon
this, an electron-gun heater, utilizing a LaB6 electron emitter, is being
tested. The goal is to illuminate or heat the central region of the ion-
source anode cylinder, without introducing "hot-spots". In addition,
significantly higher electron currents may be achieved with LaB6, rather
than Ta or V, resulting in perhaps two times greater power depositions.
Tests to date, performed in a bell-jar, have achieved 50Z of the maximum
power levels presently used.

Presently, our V anode cylinders are prepared with an expensive vacuum
deposition procedure by an outside firm. Significant cost reductions can
be achieved if the design of the anode cylinder is simplified by reducing
the number of diameter changes or steps along its length. This can be
accomplished Sy fabricating the cylinder as two mating parts. We have
checked the integrity of the design off-line with a two-piece Ta anode
cylinder machined in-house. The source operation was identical to that
observed with the V anode cylinder.

b) Preparations for an 140 Half-life Measurement

Preparatory work for an 140 half-life measurement is underway. Ue intend
to produce 140 with a 14N(p,n) 140 reaction. The target is to be N2 gas
that replaces the helium in the gas-jet system. The advantage of a gas
target over a 14N-loaded foil target is that significantly higher : 40
yields can be obtained but at the expense of a huge 100 nA 14N beam in the
ISOL, thus preventing the implantation of the desired 140 activity into
our conventional aluminized mylar tape. To circumvent this problem we
have investigated the effect the side-jet has on the 14N beam. Tests show
that the 14N beam can be reduced by a factor of 4, to 25 /xA, with a helium
side-jet without affecting the yield of aerosols (140 activity). This
beam current still exceeds the capabilities of the mylar foil so
aluminized KAPTON foil has been tested as an alternative substrate. These
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tests indicate that a defocussed 10 JJA , 40 keV 1 4N beam can be
accommodated. Currents of 25 /iA will be tried in the near future.

c) Resolvlng-Pover Measurements With the He-let Source

The experiments done so far with the helium-Jet Ion source have been
optimized for high intensity rather than high resolving power. However,
in any direct mass measurement, high resolving power is a necessity. This
aspect of the helium-jet ion source has therefore been investigated.

In the high-intensity mode, the resolving power measured for a 36Ar beam
in the magnet focal plane is about 2000. The resolving power can be
increased to 6000 if the extraction electrode is moved further away from
the source slit; the beam intensity then drops to 85Z of its optimum
value.

If we operate the source in its high-temperature mode, by turning on the
electron bombardment heating of the upper part of the anode cylinder, then
the resolving power drops to 2700. It can be restored to 5000 by our
driving the extraction electrode still further away from the source slit.
In this mode the resolving power deteriorates with time and the source
needs retuning to re-establish the 5000 value. After about three hours,
stable operating conditions are achieved and the source can be left on its
own with no loss of performance.

Our turning on of the helium-jet system resulted in a drastic loss of
resolving power and an unstable beam profile. This deterioration was
traced to vibrations of the ion source originating from the mechanical
vacuum pumps and transmitted through the 15 cm diameter steel vacuum line.
This steel segment was replaced by a 10 cm diameter plastic hose and the
vibrations went away. The source performance is now independent of
whether the helium pumping system Is going or not.

d) Evidence for Different Regions of Ionizatlon for Different Elements in
a Plasma Ion Source

The ISOL direct-mass-measurement program has so far been restricted to the
measurement of mass differences between isotopes of the same element.
Potential problems, such as different elements being ionized in slightly
different parts of the ion source and therefore being extracted with
slightly different energies, are then avoided. In our recent indium mass
measurement (PR-PHS-P-6: 3.1.8; AECL-9859) we got good data not only on
some indium isotopes but also on some cadmium and silver isotopes; so we
are in a position to test if there really is a problem. The masses of the
isotopes investigated are well known so we can use them to see if the mass
differences determined by us agree with already known values.

Our measurement values of the mass difference between 103In and l05In as
well as 104Cd and 104Ag agree very well with previously determined mass
values. However, our mass-difference measurements between 10<Cd and 105In
as well as 104Ag and 105In do not agree with already known values. It
therefore appears that beams of different elements emerge from the ion
source with slightly different characteristics.
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If ve assume that the wrong values seen in the 104Cd-105In and 10«Ag-105In
measurements are purely due to slightly different beam energies ve can
then adjust the beam energies until our measured mass differences agree
with the literature values. In our measurements the extraction voltage
was 40,000 volts. All our mass-difference data can be explained if
cadmium and silver beams are injected into the ISOL with an energy of
40,000 eV, whereas indium beams are injected with an energy of 39 999.75
eV. The 0.25 eV difference in beam energy is not unrealistic in viev of
the fact that our ion source anode potential is 120 V. A slight
difference In the location vithin the anode where different elements are
ionized may conceivably produce this small energy difference. It is
interesting to note that Cd and Ag have reasonably similar ionization
potentials while In is quite different from the other two.

3.2.2 Direct Mass Measurements Vith the ISOL

E. Hagberg with Y. Picard, K.S. Sharma and G. Dyck (University of
Manitoba)

The operating procedures for direct mass measurements with the ISOL were
changed a year ago. The old sequential-scan procedure, in which the ISOL
extraction-voltage sweep was always arranged as a linear change from the
lowest to the highest voltage point, has been changed to an interleaved-
scan procedure, in which the extraction voltage is changed back and forth
between values corresponding to the two mass peaks of a doublet (See PR-
PHS-P-5: 3.2.2; AECL-9758). The intent Is to minimize the effects of
possible instrumental drifts or beam-intensity variations. Simulations
have now been done in order to find out the limits of our improved system.

Consider as an example the case where the production of nuclides, whose
masses are to be measured, drops by 50Z over the duration of one scan
because of a decline in the beam intensity. This would produce a
perturbation of our beam profile, determined over the duration of this
scan, and consequently an erroneous centroid and mass value. In the
sequential case, the worst-case scenario would produce a mass difference
measurement that is wrong by 4 ppm. Since our aim is a precision of 1
ppm, uncorrected sequential scanning is not possible. In the interleaved
case, the worst-case scenario produces an error of less than 0.05 ppm in
the measured mass-difference, because of the nearly exact cancellation of
the beam-profile perturbations of the two mass peaks. Thus, even a
drastic, uncorrected 50Z change in one of the experimental parameters
produces a negligible error if the interleaved scanning procedure is
followed.

This example is typical for all parameters of our experiment that can
influence the result. In most cases these parameters are monitored and
corrections for changes in their values are applied, but even in the
absence of such corrections our interleaved mass-measurement procedure is
very rugged and forgiving.
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3.2.3 Extension of the Study of Highly Excited Nuclear-Hatter Systems
with an Exclusive Impact-Parameter Trigger

G.C. Ball, D. Horn, E. Hagberg, S. Narayanan, C. Pruneau and
H.G. Steer with G.A. Sims and H. Spenceley (Neutron and Solid
State Physics Branch) and the CRNL-Laval-MSU-Toronto
Collaboration

Preparations for this experiment, described previously (PR-PHS-P-7: 3.2.6;
AECL-9995), continued during the summer. However, progress was
interrupted by a shift in priority when the experiment was deferred until
the summer of 1990 because of the installation of Phase II beams lines at
the National Superconducting Cyclotron Laboratory, where it was planned to
take place.

The mechanical support structure for the detector telescopes has been
completed. A prototype CsI(Tl) detector assembly has also been completed
and tested. The photo-diode was coupled to the crystal with RTV, wrapped
with teflon tape and spring-loaded in an aluminum can with a thin
aluminized-mylar reflector at the entrance.

Finally, the remaining five elements of the CaF2-plastic forward array
were reassembled and tested.

3.2.4 A Phoswlch Array for Reaction Studies with TASCC Beams

T.G. Vhan, R.B. Walker, M.G. Steer, C. Pruneau, G.C. Ball,
0. Horn and E. Hagberg

Construction of the small phoswich array (PR-PHS-P-7: 3.2.5; AECL-9995)
has progressed significantly during this reporting period. All of the 34
scintillators have been glued to the light guides which were subsequently
bonded (with RTV) to the phototubes. The modules were then tested with a
0- source. The printed circuit boards for the 1-1/2" and 2" diameter
phototube bases have been fabricated and components installed on the
boards.

Seven of the detectors (3 small and 4 large) were used in a trial
experiment carried out in December with a 22.5 MeV/u 37C1 beam from TASCC.
Excellent Z resolution was observed for all projectile fragments up to Cl.
Small gain-shifts observed during this run have prompted a more thorough
off-line study of long-term gain stability for both types of modules.

Machining of the support ring and prototype mounting collars has been
completed. Fabrication of the detector cans was delayed because of
dimensional errors introduced by Plant Design when the drawings were
modified to include dimensional tolerances for the detectors.

A paper describing the heat-press technique and the performance of the
detectors is in progress.
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3.2.5 Nev Computer Programs for Analysis of 8x Results

D.C. Radford

a) Modifications to HATFIT and LF8R

The programs MATFIT and LF8R were previously described in PR-PHS-P-3:
3.2.7; AECL-9503. Since that time, these programs have been heavily
utilized by both the 8* group and our collaborators. However, one major
limitation of MATFIT was the fact that the positions of coincident peaks
were always taken as the position of the peaks in the one-dimensional fit
to the matrix projections. Thus, the users of the MATFIT results, in
LF8R, had no additional information on the actual coincident energies of
doublet peaks, and the quality of the MATFIT database was quite strongly
dependent on the quality of the one-dimensional fits.

In the most recent version of MATFIT, this limitation has been removed.
The starting positions of the coincident peaks in two dimensions are still
taken as the one-dimensional positions. However, once a coincidence is
determined by the program to be statistically significant (i.e. with an
intensity above some threshold in terms of the standard deviation, sigma)
then the program attempts to fit not only its intensity but also its
position in two dimensions. This modification effectively triples the
number of possible parameters in the fit and changes the fit from linear
to nonlinear; but these disadvantages are outweighed by the Improvement in
the quality of the information obtained. The program LF8R was also
modified, to allow the user the option of displaying the two-dimensional
fitted energies in addition to the intensities, and to make use of these
fitted energies in the search for energy sums (see PR-PHS-P-3: 3.2.7;
AECL-9503).

b) The Programs CUBEFIT and LF8RCF for Analysis of Triples Data

The analysis of high-resolution triple-gamma-ray data to obtain level
schemes is currently severely limited by the available programs and
techniques. Since standard "cubes" of triples data would require vast
amounts of storage on computer disks (at least 11 GB for a 4096-channel
cube, with one byte per channel), the data are usually kept in "list mode"
and access to individual gates is quite time-consuming. Even in list
mode, the data for a modern high-statistics experiment (approx. one
billion events) still require several gigabytes of storage.

Analysis of triples data is further complicated by the number of two-
dimensional gates one must set in order to inspect the data. This can be
illustrated by considering a cascade of twenty consecutive transitions.
In a doubles experiment, such a cascade gives rise to twenty gates, but in
triples the number of possibe double gates is 2 0C 2 = 190, an increase of
an order of magnitude. Thus some fast, convenient way of extracting and
inspecting the information of interest from triples experiments needs to
be found before the power and selectivity of such data can be fully
utilized.
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As a first step in this direction, programs have been written to replay
triples data Into a special-format cube, and to fit this cube to extract
all possible coincidence intensities, in a manner analogous to MATFIT for
two dimensions. In order to do this, the doubles projection of the same
triples data must first be replayed into a matrix and fitted with MATPIT.
The results of the two-dimensional fit are then used in the three-
dimensional fit, to calculate the background and to decide which triple-
coincidences need to be considered. (If the double-coicidence AB is zero
within one standard deviation, then all triple-coincidences ABC are
ignored.) The special cube fitted by this procedure is typically no
larger than a standard 4k-by-4k matrix (32 MB), and runs in about a day on
a one-MIPS computer. The output of CUBEFIT is a database of the order of
10 MB in size.

This database may be inspected by a special version of LF8R, called
LF8RCF. Since the triples fit uses the same peaks as, and makes use of,
the doubles fit, the user can access both data sets simultaneously, and
call upon the triples data whenever necessary to clarify or provide extra
selectivity over the doubles data. Setting doubles gates on the triples
data and adding combinations of such gates is very easy, and use can be
made of the lists of gamma-ray assignments in defining the combinations
required. All the operations provided by LF8R for the doubles data are
also available to be applied to the triples data.

These programs vill be used in the analysis of the first triples 8*
experiment, to study 153'15*Dy.

3.2.6 Analysis Software for 871 Partlcle-gamma-gamma Data

D.C. Radford, G.C. Ball with T.E. Drake and A. Galindo-Uribarri
(University of Toronto)

The introduction of parameters associated with the detection of charged
particles to the 8x data-stream adds to the complexity of the analysis.
Playback software was implemented specifically to deal with particle-7-7
events. Ve are now able to obtain 1- and 2-dimensional histograms gated
by conditions on the 7-rays detected in the HPGe detectors, on the 7-rays
detected in the BGO ball or on the charged particles detected in the
Miniball. For example, we have generated 4k x 4k proton-7 and a-7
coincidence matrices and are now studying particle angular correlations
with respect to the spin orientation of the nucleus determined from the 7-
rays detected in the BGO ball.

Ve have performed a detailed optimization of the replay parameters. This
involved, for example, total energy (H), fold (K), particle identification
gates, particle multiplicities, level of contamination from different
channels, background subtraction and selection of gates in regions
relatively free of stronger transitions from other channels.
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3.2.7 Miniature Array of Particle Detectors

A. G a l l n d o - U r i b a r r i , T.E. Drake, G. Zvartz ( U n i v e r s i t y of
T o r o n t o ) v i t h T . K . A l e x a n d e r , H.R. A n d r e v s , G . C . B a l l ,
J . S . F ö r s t e r , D. R a d f o r d , D. Vard, N .C. Bray , L . H . B u c h o l t z ,
J . L o r i , F . J . S h a r p , L .V . S m i t h and R.H. M a r t i n ( N e u t r o n and
S o l i d S t a t e P h y s i c s B r a n c h )

a) Energy Calibration

An energy calibration run was done after the 152Dy experiment (PR-PHS-P-8:
3.1.13; AECL-10102) by the scattering of 10, 15, 20 and 25 MeV protons
from a gold target. After the 133Nd experiment (PR-PHS-P-8: 3.1.11; AECL-
10102) measurements vere done vith 10 and 20 MeV protons. Alpha-source
calibrations vere also performed.

b) Detector Efficiency

A special a source was prepared to measure the absolute efficiency of the
detectors in the array. Mylar sheet, 950 jig/cm2 thick, vas attached to
each side of a standard aluminum 8* target frame. An 241Am solution vas
pipetted onto each side (in a spot less than 3 mm in diameter), dried and
covered vith 20 ßg/cm2 thick VYNS layer. The emission rate of decay vas
2889 counts per second (± 0.13Z statistical). We mounted this source at
the target position so as to simulate the vieving conditions of the 133Nd
and 152Dy experiments. This allowed us to measure the "shadowing" effects
of the target frame on the 90* particle detectors.

c) Electronics

A prototype of a crossover Timing Single-Channel Amlyzer vith four
channels in a single-vidth NIM module is being developed. Tl.jse lov-cost,
compact units vill replace the ORTEC 420 and 455 modules presently being
used.

A lov-noise positive bias supply vas developed and is being used to
provide adjustable 0-100 V bias to all 16 detectors. A sensitive ammeter
vas modified to allov any one detector's current to be monitored vithout
affecting the other 15 detectors.

A Preamplifier Pover Supply vas implemented to provide pover for up to 12
preamplifiers. Standard NIM connectors are provided on the front panel as
veil as individual on-off toggle switches vith indicator lamps.

d) Mechanical Structure

A support structure to mount up to 20 preamplifiers vas built. This
structure is mounted around the beam-line. Its purpose is to position the
preamplifiers close to the detectors, to isolate them electrically and
mechanically from the beam-line and to provide easy access.
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e) Foil Absorbers and Reflectors

It has been found that low-amplitude pulses generated from electrons and
X-rays coming from the target can seriously degrade the energy resolution
and particle identification capability of the miniball detectors. To
eliminate the problem, removable absorbers of various thickness, ranging
from 0.25 mg/cm2 to 14 mg/cm2 made of aluminum or gold evaporated on
aluminum, were mounted in front of the detectors. The aluminum side is
used as reflector for the CsI(Tl) scintillators.

3.2.8 New Miniball Support

N. Bray with A. Galindo-Uribarri (University of Toronto) and
P. Dmytrenko

To increase the solid angle coverage and the versatility of the miniball
(PR-PHS-P-7: 3.2.10; AECL-9995) a new support structure was designed and
constructed. Each detector assembly is mounted on the end of a hollow
stalk machined from "Delrin" plastic. This stalk can be adjusted radially
and clamped by a bushing passing through machined holes in the two
hemispherical Delrin shells. These shells are mounted with rods to the
middle aluminum ring of the original vacuum vessel. The radial position
of the detector can be varied until the sides of two contiguous detectors
touch, forming a closely packed structure (16 squares of a
Rhombicuboctahedron). This will increase the solid angle to 7AZ of An
steradians for the existing detectors and up to 91% of An if the remaining
8 triangles are covered. A special tool was developed to punch out and
machine Teflon "crowns" that will allow us to mount reflector foils and
absorbers in front of each detector. Tests are currently being performed
to prepare uniform Teflon films with a gold layer on the front side to
serve as diffuse reflectors and absorbers.

3.2.9 Data Acquisition

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

During the past six months, with the delivery of the Concurrent 3280
computer system, the emphasis for system development shifted to the new
Phase II Experimental Computing Facility. Nevertheless, several upgrades
to the CCUR 3230 were implemented. The 300 MB Capricorn disk drive, which
had become expensive to maintain, was replaced with a new 850 MB, 8"
drive. A second 2.3 GB Exabyte tape drive was purchased and installed.
Finally, a "selch" and an Ethernet controller board were installed for
communication with the CCUR 3280.

This period also saw the retirement of Lome Bucholtz who has made an
invaluable contribution to the group for many years. We also welcome new
personnel who joined the group, namely, Gordon Tapp and Guy Leblond.
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3.2.10 Phase II Experimental Computing Facility

G.C. Ball, E. Hagberg, D.C. Radford, F.J. Sharp, L. Smith and
G. Tapp with G. Leblond, R. Roiha and M. Thompson (Mathematics
and Computation Branch)

The new Concurrent 3280 computer system was delivered and installed in
October. All of the existing analysis software has now been transferred
to the 3280 and users have had limited access to the system since
November. Several playback tasks have been carried out with the expected
factor-of-six reduction in CPU time.

The CCUR 3280 Jorway 434 CAMAC interface was installed and tested. So far
the 3280 serial highway only extends to the crates located in the
experimental control room. The CCUR 3280 parallel highway crate was also
commissioned.

A line printer and a Macrolink 16-line multiplexer have been installed
since November. The hardware on order includes a 1.2 GB disk-drive system
and a dual 2.3 GB Exabyte tape-drive system. The choice of graphics work-
stations, to be purchased next fiscal year, is under review.

The Ethernet hardware and software were installed in December. Several
Ethernet software protocols will be evaluated during the next few months
to determine the best solution for our environment.

3.2.11 Progress in Accelerator Mass Spectrometry

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

In this reporting period two runs were completed. The first was devoted
to 1 4C measurements of standards, backgrounds and some ground-water
unknowns. The second experiment was directed toward the development of
36C1 capability. These will be discussed in turn.

a) 14C Measurements

This was our first effort to use the new system with its automated control
for the measurement of standards, backgrounds and unknowns. The system
worked well, although the stability and backgrounds need further
improvement. The standard error of repeated measurements of two samples
of the Oxalic-acid standard was about 5% and the average background level
was about 40,000 years based on several putatively dead samples. The
particle discrimination of the system is excellent, so the observed counts
are indeed 1 4C rather than misidentified other elements.

The stabilities of the various subsystems, including the generating
voltmeter, are excellent so the spread in values for the Oxalic standard
is probably due to marginal beam steering through the system at some
point. This should be rectified by further running experience.
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b) 36C1 Measurements

3*C1 was successfully detected at natural concentrations although the 36S
rate, up to several thousand per second depending on the sample, limited
our sensitivity for old samples.

The detector performance was substantially improved as a result of
changes, particularly a capacitor from the Frisch grid to ground, a thin
cathode foil rather than a grid, the use of a AE signal generated in the
gas volume between the entrance window and the cathode, and the
installation of the amplifiers at the detector position rather than in the
control room.

The detector is being redesigned to incorporate properly the AE with the
Bragg features and to reduce degraded 36S events that can masquerade as
36C1 ions. We are also preparing to try the gassy-magnet approach to
separate the 36S from 36C1 without loss of efficiency.

3.2.12 Recommissioning of the Q3D Spectrometer

R.L. Brown, W.G. Davies, J.J. Hill, P.J. Jones and B.V. Luloff

Recommissioning of the spectrometer is progressing very satisfactorily.
The main 300 ktf power supply and the 30 kW quadrupole supply are both
operational under current control and both nearly meet their original
specifications. All of the multipole-magnet power supplies, except the
multipole's quadrupole element, are also operational under current
control. The quadrupole supply suffers repeated failure of series
regulator transistors after two to three hours of operation; this problem
was actually first observed just before the spectrometer was shut down
eight years ago for the installation of the superconducting cyclotron.
The cause has not yet been identified. The Dl and D3 trim power supplies
have not yet been investigated.

The main 2000 1/s turbo pump has been serviced and is operational.
However, the 1500 1/s auxiliary turbo pump requires some repair before it
can be put back into service. The 250 1/s target-chamber turbo was
scavenged, but a replacement has been found which has a pumping speed of
150 1/s and seems to provide a satisfactory vacuum. Leak checking of the
main magnet indicates that the "0"-rings are still in good condition and
there appear to be no leaks in the main vacuum chamber. The target-
chamber vacuum seals have all been refurbished and the chamber is
operational.

It must be emphasized that in the near term the spectrometer will only be
able to be operated under current control, and there will be no way of
balancing the dipole fields with the trim supplies because the old field-
control system is not only obsolete but was operable from the now-
discarded PDP-10 computer. A new field-control system will require a
substantial investment of both time and money. Nevertheless, the
spectrometer will be useful for those experiments that do not require high
resolution, and in fact it is planned to use the spectrometer for a series
of atomic-physics experiments in the near future.
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3.2.13 Target Laboratory

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

During the last six months, the laboratory has prepared targets for
Nuclear Physics experiments and carbon stripper foils for both the tandem
accelerator and the superconducting cyclotron. Targets have also been
produced for other branches at CRNL and for commercial sales.

a) Preparation of Targets for the Nuclear Physics Branch

The following targets vere produced for the Nuclear Physics Branch:
139La, nat U, 120Sn, 105Pd, 14*Sm, nat LiF, 50Cr, 5«Fe, 142CeO2,

 110Cd,
112Cd, «6Ti, nat C, nat Au, 135Ba Cla and nat KF.

Rolled Zr-2.5vtZNb foils were produced for collaborative liquid/solid-
interface studies at Queen's University.

Some preliminary work has been carried out to produce single-crystal
Si(llO) windows approximately 8 mm in diameter and 3 microns thick for
high-energy heavy-ion channeling experiments.

Heatpressed phoswich detectors have been produced for the particle group.
A total of 24 such detectors was produced in 1989.

b) Preparation of Materials for Other Branches

Stainless steel plates vere polished, and inconel and gold vere evaporated
onto the surfaces for the Accelerator Physics Branch.

Chromium and nickel vere evaporated onto aluminum and beryllium foils for
the Dosimetric Research Branch.

3.2.14 Useful Forms of the Bamiltonian for Ion-Optical Systems

W.G. Davies

The development of differential algebra (DA), coupled with the Lie-algebra
formulation of high-order optical maps (transforms) has revolutionized our
ability to compute and analyze optical systems up to very high order. In
particular, these methods provide us vith a very poverful vay of computing
and analyzing the orbits in the superconducting cyclotron, especially the
analysis of resonances. The Lie-algebra formulation is intimately
connected vith Hamiltonian mechanics and the generation of the high-order
Taylor's series map is very efficiently computed from Hamilton's equations
using DA. Because the Lie-algebra treatment of optics requires that the
coordinates be truly canonical, a condition that is not satisfied in
formulations that use the coordinates x and x', or x and 8, etc. (such as
in the code TRANSPORT), it is best to integrate Hamilton's equations
directly. Finally, for DA techniques to be used, the equations of motion
and the electro-magnetic potentials must be in analytic form. To this
end, the relativistic Hamiltonian has been derived in several different
forms, specifically in curvilinear, Cartesian and polar coordinates, that
are suitable for solving problems in ion optics and accelerator physics.
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A report has been written (SCC note #75) that summarizes this work.
Scaling of the equations and the coordinate transformations required to
transform the maps obtained in Cartesian and polar coordinates into
curvilinear coordinates are also discussed.

3.2.15 Design of a "Cos-Theta" Type X-Y Steering Hagnet for the Super-
conducting Cyclotron

W.G. Davies and N.C. Bray

The unexpectedly large vertical misalignment of the beam coming from the
cyclotron results in significant beam loss (40Z) in the initial section of
the extraction beam-transport system in spite of the addition of a
steering magnet at the first possible position. To alleviate this
problem, which is at present not fully understood, an X-Y steerer of the
Cos-Theta type has been designed to fit into the same place as the
Horizontal Steering dipole #2 in the extraction region of the cyclotron.
The required bending power is 0.015 T-m in both the X and Y planes. The
new magnet will have an effective length of greater than 150 mm with a
maximum field strength of 0.1 T. Because of the end effects, the
effective lengths in the two planes are somewhat different. An
interlocking coil-windinb pattern is used which produces a field that is
homogeneous in the central region within 0.151 Inside a 1 cm radius of the
optic axis in both planes. The final homogeneity will be strongly
dependent on the winding uniformity, but it is hoped that a homogeneity of
the order of IX will be achieved.

In addition, the aperture of the new magnet has been increased to 43 mm
from 34 mm, which will reduce the chance of beam loss in this region. The
overall length of the new steering magnet is less than 240 mm.

Specifications for the magnet and its power supplies have been written and
submitted for quotation.

3.2.16 Extraction Probe for the Superconducting Cyclotron

N.C. Bray and V.G. Davies

The cyclotron extraction probe has been fitted with a new head which
incorporates a four-sector jaw assembly to provide X and Y position
information on the beam as it passes through the extraction channel.
Early experience with this probe design indicated some problems with the
beam striking the exposed tails of the jaw segments and giving false
readings. A modification, which removed -0.5 mm from one edge of the jaw
tails, has been carried out, and the jaw tails are now completely shrouded
from the beam. The four-conductor ribbon cable, carrying the beam-current
signals from the head, was replaced at the same time, since it had
developed a short between two conductors.
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3.2.17 TASCC Electronics Development

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

All of the power supplies needed for operation of the second ion injector
have been bench tested, installed in the injector, and completely wired.
Commissioning of the associated source(s) has begun.

The Global Status Generator, a chassis that permits remote monitoring and
resetting of various devices in the Cryogenics area, has been removed,
completely rebuilt and returned to service. Forty-five parameters are now
commissioned for Control Room alarm and reset with provision for 19 more.
Software work, which must still be completed, will assist in the rapid
location and diagnosis of faults.

The central Helium Compressor Control Panel was completed. Commissioning
of the second screw compressor uncovered some operational problems in the
overall compressor control system. Vork to resolve these problems is
being scheduled so as to insure that the facility requirements for liquid
helium are satisfied on a continuing basis.

3.2.18 Bunched Beam Diagnostics

J.J. Hill and P. Jones with G.R. Mitchel (TASCC Accelerators and
Development Branch)

See section 4.2.3 in this report.

3.2.19 Computer Control System

W.F. Slater, R.B. Walker and T.G. Whan with B.F. Greiner (TASCC
Accelerators and Development Branch) and D. Barentsen (University
of Waterloo Co-op Student)

See section 4.5 in this report.

3.3 PHASE II

3.3.1 Phase II Beam Commissioning

T.K. Alexander, W.G. Davies, J.S. Forster, J.J. Hill, P.J. Jones
and W.F. Slater with Operational Staff (TASCC Accelerators and
Development Branch)

The Phase II beam lines to all locations have been commissioned, with beam
being transported to Tl through T9. Minor faults found in the system have
been corrected. Transmission tests to all locations have been made and
are summarized in Table 3.3.1.1. The transmission is the ratio of the
beam current at the target location to the current at CUP 1-lg on the
bypass line for tandem beams or to the current at CUP 2-lo for cyclotron
beams. The transmission values depend on the emittance of the beam from
the tandem. For low-mass, gas-stripped beams, the transmission values are
excellent. The transmission of the higher-emittance, foil-stripped beams
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is limited by the design acceptance o£ the system. The lower values
observed for the 833 MeV 3 7Cl 1 2 + beam are due to losses before BE1 (see
PR-PHS-P-8: 3.2.15; AECL-10102); the transmission is good in the Phase II
beam line to T3, i.e. the ratio of CUP 1-lt to CUP 1-lp is 91Z. In
general, it has been found that only minor steering corrections to the
beam are necessary. The exceptions are the beam lines to T3 and T4 where
significant steering corrections are required to obtain good transmission
around BE3 and BEA to CUP 1-lt and CUP 1-lu, respectively. The
sensitivity to small misalignments in these magnets is being evaluated.

The beam-transport system has been designed to provide achromatic, non-
dispersive or "doubly-dispersive" conditions between the cyclotron and
target locations T3, TA and T5. The achromatic solution is probably the
most useful of these as it preserves the short bunches coining from the
cyclotron. The achromatic solution for the target location T3, was tested
in the most recent commissioning experiment by scaling BE1, the
"symmetrizer" section and BE3 by ±0.22 in (current) magnetic field. This
is equivalent to changing the beam momentum by ±0.2Z. This value was
chosen as it vas about the maximum "momentum" deviation that would not
result in beam loss. The results were very satisfactory. The beam was
deflected to the left (larger radius) by about 6 mm at the image of BE1
(slits 1-lp) when the current was reduced by 0.2Z, but moved only about
0.2 mm at T3. When the current was increased to +0.2Z above the nominal
value, the beam moved right (towards smaller radius) by 4.2 mm at the
image of BE1, and again moved by about 0.2 mm at T3. The apparent
dispersion at the image of BE1 is a little too large, but in these tests
only the current was scaled, and the magnets were not cycled. Hence, we
really do not know the actual magnetic field. These tests indicate that
the dispersion of the system was reduced by the order of a factor of 10 or
better.

It should be noted that no trimming of quadrupole strengths was required
at any time. The design values, corrected to account for the actual
effective lengths of the quadrupole elements, were used throughout. Small
corrections to the dipole strengths were required in order to centre the
beam on the image apertures in each case.
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TABLE 3.3.1.1

SUMMARY OF BEAK TRANSMISSION TESTS

Location

Tl

T2

T3

T4

T5

T6

T7

T8

T9

Transmission

(Z)

97

99

60

94

88

79

65 to CUP 1-lt

92

82

83

86

62

96

94

62 (89 to CUP l-3q)

100

77 (89 to CUP l-3q)

99

92

77

97

89

77

Beam

34 S8 +

1 H1 +

37 C 112+

12 C5 +

34 S8 +

34 g8 +

37 C 112+

3 1p7 +

31p7 +

34S8 +

31p7 +

31p7 +

12C3 +

16Q5 +

79Br6+

16Q5 +

79Br6+

12C3 +

32S7 +

32S7 +

12C3 +

32S6 +

32S7 +

Stripper*

F

F

G/F**

F

G

F

G/F**

G

F

F

G

F

G

G

G

G

G

G

G

F

G

G

F

Energy
(MeV)

82.3

17.5

833

60.0

82.3

82.3

833

76.5

76.5

82.3

/o.5

76.5

30.0

41.6

80.0

41.6

80.0

30.0

81.6

81.6

30.0

60.0

81.6

* F = Foil stripping in tandem terminal; G = Gas stripping in tandem
terminal.

** Gas stripping in tandem terminal; foil stripping in cyclotron.
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3.3.2 Theory of the Measurement of Magnetic Multlpole Fields vith
Rotating Coil Magnetometers

V.G. Davies

An extensive report on the theoretical analysis of the measurement of
multipole fields is in the final stages of preparation. This vork is an
extension and consolidation of the vork reported in PR-P-142: 2.30; AECL-
9103, PR-PHS-P-2: 3.1.12; AECL-9351, PR-PHS-P-3: 3.1.15; AECL-9503, PR-
PHS-P-4: 3.3.5; AECL-9680, and PR-PHS-P-5: 3.3.5; AECL-9758. The theory
has been rederived in terms of the exponential form of the Fourier-Bessel
solutions of the Poisson equation for the magnetic scalar potential in
three dimensions. Although this is not the «ost usual expansion of the
magnetic potential and field components seen in the literature, it has
great advantages in the analysis of vibrations and the related problem of
the coil-bobbin sagging under its ovn weight. The development of the
topics covered has been made as notationally consistent as possible and
includes enough detail that the derivations are easy to follow and may be
easily verified. As can be seen from the following list of topics
addressed, most of the report deals with the errors and effects that limit
the accuracy of the measurements.

The topics addressed are:

1. Basic theory and notation
2. Measurement of multipole parameters
3. Tangential coil magnetometer
4. Bucking coils
5. Effects of finite coil size
6. Effect of bowing of the coil
7. Effect of torsional errors in the coil
8. Effect of non-uniform angular velocity and angular vibrations
9. Effect of errors in the integration of the signal
10. Effect of radial vibrations of the coil
11. Effect of coil sag under its ovn weight
12. Effect of torsional vibrations in the coils
13. Effect of eccentricity of the coil
14. Errors specific to the tangential coil geometry
15. Errors in the alignment of the bucking coils
16. Radially misaligned apparatus
17. Effects of non-linearities in the electronics
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3.4 PUBLICATIONS. LECTURES AND CONFERENCE ABSTRACTS AND SUBMISSIONS

Publications

PERIPHERAL COLLISIONS OF 40 MeV/u 14N VITH A 197Au TARGET
C. Pruneau, L. Potvin, R. Roy, C. St-Pierre, G.C. Ball, R. Bougault,
E. Hagberg, D. Horn, D. Cebra, D. Fox and G.D. West fall
Nucl. Phys. A500 (1989) 168

A BROAD-RANGE DETECTOR SYSTEM WITH LARGE GEOMETRIC EFFICIENCY FOR HEAVY-
ION REACTION STUDIES
L. Potvin, G.C. Ball, V.G. Davies, J.S. Forster, E. Hagberg, D. Horn,
M.A. Lone, M. Montaigne, G.A. Sims, M.G. Steer, R.J. Toone, R. Roy, C. St-
Pierre and A. Galindo-Uribarri
Nucl. Instr. and Meth. A281 (1989) 359

ANOMALOUS PENETRATION OF Cs, Ba and Tl THROUGH THIN Si FILMS
J.S. Forster, D. Phillips, J. Gulens, R.L. Tapping, T.K. Alexander,
J.R. Leslie and J.A. Davies
Nuclear Instr. & Methods in Physics Research B44 (1989) 195

INVESTIGATION OF NEUTRON-RICH RARE-EARTH NUCLEI INCLUDING THE NEW ISOTOPES
177Tm AND 18<Lu
K. Rykaczevski, K.L. Gippert, N. Kaffrell, R. Kirchner, 0. Klepper,
V.T. Koslowsky, V. Kurcewicz, W. Nazarevicz, E. Roeckl, E. Runte,
D. Schardt, V.D. Schmidt-Ott and P. Tidemand-Petersson
Nuclear Physics A499 (1989) 529-545

J.A. Kuehner,
Ragnarsson, P. Taras,

MULTIPLE SUPERDEFORMED BANDS IN 153Dy
J.K. Johansson, H.R. Andrews, T. Bengtsson, A. Djaafri, T.E. Drake,
S. Flibotte, A. Galindo-Uribarrie, D. Horn, V.P. Janzen,
S. Monaro, N. Nadon, S. Pilotte, D.C. Radford, I
A. Tehami, J.C. Waddington, D. Ward and S. Aberg
Phys. Rev. Lett. 63 (1989) 2200

GAMMA-RAY SPECTROSCOPY OF 60'61Zn AND 59<«°Cu
R.B. Schubank, J.A. Cameron and V.P. Janzen
Phys. Rev. C40 (1989) 2310

QUASIPARTICLE NATURE OF ROTATIONAL BANDS IN 185Pt
S. Pilotte, G. Kajrys, S. Monaro, M.P. Carpenter, V . P . J a n z e n ,
L . L . R i e d l n g e r , J . K . J o h a n s s o n , D.G. P o p e s c u , D.D. R a j n a u t h and
J . C . Waddington
Phys . Rev. C40 (1989) 610

SHAPE COEXISTENCE IN 1 8 7Au
J . K . J o h a n s s o n , D.G. P o p e s c u , D . D . R a j n a u t h , J . C . W a d d i n g t o n ,
M.P. C a r p e n t e r , L.H. C o u r t n e y , V.P. J a n z e n , A . J . La rabee , Z.M. Liu and
L.L. R ied inge r
Phys. Rev. C40 (1989) 132
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REVIEW OP "TREATISE OF HEAVY ION SCIENCE", D.A. Bromley, Ed.
E. Hagberg
S c i e n c e 246 (1989) 1646

I n v i t e d Conference Talks

THE IMPORTANCE OP ALIGNMENT AND CALIBRATION IN THE OPERATION OP
ACCELERATOR SYSTEMS
V.G. Davies
Invited talk at the Sixth Annual Canadian Accelerator Conference, CRNL,
Chalk River, Ontario, 1989 October 12-13

INFLUENCE OF SUPERDEFORMATION ON THE SPECTRUM OF EVAPORATED CHARGED
PARTICLES
D. Ward
Invited talk at the Symposium on Nuclear Spectroscopy in the Era of New
Spectroscopy, Copenhagen, Denmark, 1989 October 19-27

SPECTROSCOPY OF 126Ba
D. Ward
Invited talk at the Symposium on Nuclear Spectroscopy in the Era of New
Spectroscopy, Copenhagen, Denmark, 1989 October 19-27

THE 8JT SPECTROMETER AND ADVANCED DATA ANALYSIS
D.C. Radford
Invited talk at the 1989 International Nuclear Physics Conference,
Sao Paulo, Brazil, 1989 August 20-26.

DISCRETE-LINE SPECTROSCOPY IN SUPERDEFORMED NUCLEI
V.P. Janzen
Invited talk at the American Chemical Society Symposium on Exotic Nuclear
Spectroscopy, Miami Beach, Florida, 1989 September

CURRENT TECHNIQUES IN 7-RAY DATA ANALYSIS
D. Radford
Invited talk at the Workshop on Nuclear Structure in the Era of New
Spectroscopy, Neils Bohr Institute, Copenhagen, Denmark, 1989 September 11

TOWARDS MULTIDIMENSIONAL 7-RAY ANALYSIS
D. Radford
Invited talk at the Workshop on Nuclear Structure in the Era of New
Spectroscopy, Neils Bohr Institute, Copenhagen, Denmark, 1989 September 13

COMPLETE SPECTROSCOPY: NEW TECHNIQUES AND AN EXAMPLE
D. Radford
Invited talk at the Workshop on Nuclear Structure in the Era of New
Spectroscopy, Neils Bohr Institute, Copenhagen, Denmark, 1989 October 02
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Colloquium Seminars

ROTATIONAL BANDS IN 157Ho
D. Radford
Lund, Sweden, 1989 July 4

NEW TECHNIQUES FOR COMPLETE ANALYSIS OF TRIPLE COINCIDENCE DATA FROM LARGE
7-RAY DETECTOR ARRAYS
D. Radford
NSF Daresbury, 1989 July 14

RECENT RESULTS FROM THE 8* COLLABORATION
V.P. Janzen
Colloquium presented at the University of Tennessee, Knoxvllle, Tennessee,
1989 August

PRECISION MEASUREMENTS OF MAGNETIC MULTIPOLE FIELDS WITH ROTATING COIL
MAGNETOMETERS
V.G. Davles
Seminar presented at TRIUMF, Vancouver, B.C., 1989 September 15

Conference Abstracts and Submissions

THE EFFECTS OP ANODIC OXIDATION OF Zr-2.5 vtZ Nb ON NEAR-SURFACE DEUTERIUM
J.S. Forster, D. Phillips, T.K. Alexander, R.L. Tapping, T. Laursen and
J.R. Leslie
Conference abstract submitted to the 13th International Conference on
Atomic Collisions in Solids, Aarhus, Denmark, 1989 August 7-11.

CHARGB-STATE MEASUREMENTS FOR 63Cu, 107Ag, 1 2 7I and 197Au IN CARBON FOR
ENERGIES BELOW 1 MeV/u
G.C. Ball, T.K. Alexander, H.R. Andrews, W.G. Davies and J.S. Forster
Conference abstract submitted to the 13th International Conference on
Atomic Collisions in Solids, Aarhus, Denmark, 1989 August 7-11.

PLANAR DECHANNELING BY MULTIPLE SCATTERING IN BENT CRYSTAL PLANES OF
CONSTANT CURVATURE
J.A. Ellison, L. Emman-Wori, R.A. Corrigan Jr., and J.S. Forster
Conference abstract submitted to the 13th International Conference on
Atomic Collisions in Solids, Aarhus, Denmark, 1989 August 7-11.

IMPACT-PARAMETER DEPENDENCE OF FRAGMENT MASS AND ENERGY DISTRIBUTIONS FROM
HEAVY-ION COLLISIONS
D. Horn, G.C. Ball, D. Cebra, T.E. Drake, A. Galindo-Uribarri,
E. Hagberg, S. Howden, J. Karn, C. Ogilvle, L. Potvin, C. Pruneau,
C. Rioux, C. St-Pierre, A. Van der Molen, G.D. Westfall, J. Vinfield,
K. Wilson and G. Zwartz
Submitted to the 6th Nordic Meeting on Nuclear Physics, Kopervik, Norway,
1989 August 10-15.



3-33

THE MEASUREMENT OP MAGNETIC FIELDS WITH ROTATING COIL MAGNETOMETERS
W.G. Davies
Abstract submi t ted to the S i x t h I n t e r n a t i o n a l Magnetic Measurement
Workshop, Berkeley, Ca l i forn ia , 1989 September 5-8

HIGH-SPIN STATES IN 1 7 » - l t l I r
H.Q. J i n , C.R. Bingham, M.P. Carpenter , V.P. Janzen, L.L. R ied inger ,
L. Zhou, C. Baktash, M.L. Halbert, N.R. Johnson, I.i". Lee, F.K. McGovan
and M.A. Ri l ey
Abstract submitted to the Asilomar Meeting of the American Physical
Society, Asilomar, California, 1989 October 12-14

SPECTROSCOPY OF 126Ba
D. Vard, H.R. Andrews, D.C. Radford, G.C. Ball, D. Horn, J.C. Waddington,
J. Johansson, P. Taras, J. Gascon, F. Banville, S. Pilotte, S. Monaro,
N. Nadon and D. Prevost
Abstract submitted to the Asilomar Meeting of the American Physical
Society, Asilomar, California, 1989 October 12-14

DIRECT MASS MEASUREMENT WITH RADIOACTIVE NUCLEAR BEAMS
E. Hagberg, K. Sharma, G. Dyck, V.T. Koslowsky, H. Schmeing, J.C. Hardy
and R. Barber
Poster presented at the 1st International Conference on Radioactive
Nuclear Beams, Berkeley, California, 1989 October 16-18.
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4.1 CYCLOTROH

4.1.1 Operation

H. Schmeing

Regular scheduling of the cyclotron in support of experiments was begun
during this reporting period. The experiments utilized 107Ag and 37C1
beams, the later being a high-energy x-mode beam at 22.5 MeV/u. Six new
beams vere extracted, bringing the total number of available beams to
seventeen.

4.1.2 Electrostatic-Deflector Development

V.T. Diamond, J.V. McKay, R.E. Milks, G.R. Mitchel and
R.R. Tremblay, C.R.J. Hoffmann vith J.F. Mouris (Accelerator
Physics Branch) K. Brown, N. Jacob and N. Faulkner (Deep River
Science Academy)

The electrostatic deflector, used to direct the cyclotron beam into the
extraction channel, must produce a field of up to 140 kV/cm to extract the
full range of beams that can be produced in the cyclotron. This has not
been achieved in any cyclotron; however, our deflector at 100 kV/cm has
achieved a higher operating field than any other. Ve have begun a
development program in order to improve the performance further and, in
order to facilitate this research, considerable effort has been spent
developing test and diagnostic equipment. Refinement of the present
deflector design is continuing and, in parallel, prototypes for two new
approaches are being built and tested. Continuing consultation vith others
in the cyclotron field has provided other ideas for possible improvements.

Deflector configurations that appear to work veil in the absence of a
magnetic field do not necessarily retain their good performance in the high
field of the cyclotron. The first dipole magnet of the Q3D spectrometer
will be used to provide a 1 T magnetic field in which to test nev designs
under realistic operating conditions. The first experiments vill test a
geometry vith an intermediate electrode at half the potential of the high-
voltage electrode and vill measure the effects of different cathode surface
treatments.

The present deflector test stand vas relocated and recommissioned. It may
nov be operated independently of the state of the cyclotron. A capacitive
pickup system and instrumentation to monitor surface leakage currents on
both feed and support insulators have been added to the test stand. An
image-intensifying camera (luminous gain of about 1000) acquired in
December vill be used to observe the lov light intensity from electrical
discharges during test-stand experiments.

Design layouts for a nev larger test stand vith the capacity to test a
complete deflector assembly, vere completed. Also a partial model of the
dee containing the deflector has been fabricated for use in this nev test
stand.
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Systematic study of the present deflector system has produced a
substantial, gradual improvement over the past six months. Tests included
•easurenents of the current-voltage characteristics of the isolating water
resistor, which showed no effect of magnetic field on the resistance.

Measurements of surface leakage current have been made for both Teflon and
Macor high-voltage feed insulators in the test stand. Both insulators had
been tested previously, it being deduced that the Teflon insulator was
acceptable and that the Hacor insulator had high leakage current. In the
new measurement both insulators showed negligible surface current leakage,
but the total leakage current for the Macor insulator remained high.
Subsequently, the water passage in the bore of the Macor insulator was
lined with a thin Teflon sleeve, epoxied in place, eliminating contact
between the circulating high-purity water and the Macor. Measurement then
showed that the performance of the Macor insulator was indistinguishable
from that of the Teflon insulator. A Teflon-lined Macor feed insulator
will be prepared for installation in the cyclotron.

A program of insulator testing was performed with the students from the
Deep River Science Academy, to determine the merit of using chromium
trioxide (Cr2O3) coatings on Macor (ceramic) insulators of various lengths.
These coatings have been reported to improve the performance of alumina
insulators greatly by reducing the secondary-electron emission coefficient
and thereby limiting the propagation of discharges along the surface. The
test results were disappointing. No evidence for reduction in leakage
current with coated insulators was found, and that aspect of insulator
development work has been discontinued.

Tests have been made of a prototype design that utilizes solid insulators
above and below the deflector electrode. This prototype was conditioned to
100 kV and will be tested in the Q3D spectrometer to study its behavior in
a strong magnetic, field. Existing deflector drawings have been modified
for fabrication of a titanium deflector.

Two-dimensional electrostatic calculations have been performed for regions
of high electric-field strength on the deflector. Results from these
calculations are being used as guidance for small design changes that
should reduce the electric-field stress in regions of contact between the
high-voltage electrode and the insulators. Good correlation has been
observed between regions of electrical-discharge activity on the deflector
(after an extended operating period) and the calculated regions of highest
electrical field.

Development has begun of an insulator for a deflector with an intermediate
electrode between the sparking plate and the deflector electrode. Tests
are in progress to explore methods of making good mechanical and vacuum-
tight joints between Macor and titanium.

A three-day visit to the National Superconducting Cyclotron Laboratory at
Michigan State University (MSU) was made during December. TASCC personnel
met with G. Nolan and T. Kuo of M.S.U. and E. Barasch of Texas A & M
University. Discussions covered the present operating status of deflectors
for each of the three superconducting cyclotrons, and general areas of
research and development that each of the institutes were following. All
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of these cyclotrons have as a design goal, an electric field of about 140
kV/cm, but have achieved only 70 to 100 kV/cm reliably, with the best
operating results being attained at TASCC. Dr. Barasch had been in touch
with personnel studying high-voltage discharge phenomena at both Lawrence
Livermore and Sandia Laboratories and reported that dielectric coatings on
the cathode surface had been used successfully in experiments at both
laboratories to produce large improvements in voltage hold-off. Cathode
surface treatments such as this, or one of several other techniques such as
chemical or thermal polishing, which have been applied successfully in high
voltage research, were identified as key areas in obtaining improvements In
deflector performance.

4.1.3 Main-Magnet Controller

J.A. Hulbert (Accelerator Physics Branch)

Most accelerator systems are now under computer control and the few
remaining systems are gradually being integrated into the main computer-
control system. Cooling flow in the main-magnet leads is now fully under
the control of the LSI-11 magnet controller. The software has been
modified to provide for several diagnostic printouts and for more explicit
messages to the operators. In addition, the main program has been further
subdivided into independently testable subroutines. This will ease future
maintenance and upgrading.

The extraction-channel leads require a solenoid valve on each before
extraction flow control can be included in the magnet controller. Pipe
work design for this modification is complete and parts are being made in
the workshop.

Attention has now turned to linking the power-supply current setting to the
controller. A number of modifications to the power supply are in progress
to enable interfacing to the GEC 160206 IGOR modules now in use.

4.1.4 Satellite Controller Development

J.A. Hulbert (Accelerator Physics Branch)

A new Q-bus crate controller has been purchased from Bi-Ra for use in both
the magnet and the probe satellite computer systems and has been
commissioned in the development system. This controller will replace the
controller currently in use, the supplier of which has gone out of
business. It uses a different protocol to interface the processor 1/0 page
with the CAMAC system so a CAMAC software library is being developed which
will enable the old IS controller to be replaced by the Bi-Ra unit with a
simple linking of the existing control software to the new library.
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4.1.5 New Radial Probes

J.A. Hulbert (Accelerator Physics Branch) with D.R. Proulx
(Mechanical Design Branch)

The major tools used to explore the properties of the beam within the
cyclotron, are a pair of radial probes that are used to map the beam
position and intensity inside the cyclotron. Problems caused by secondary
electron emission and possible overheating have caused uncertainties and
ambiguities in interpreting the data from these devices.

A TASCC design committee requested that the nev design should incorporate
direct water cooling for the electrodes and electric suppression. A design
has been developed in which each electrode has its own water cooling. The
cooling channels are insulated from one another and the probe vacuum
separated from the midplane vacuum by Macor bulkheads. Bench tests on a
single water-cooled probe finger were carried out up to a heat loading of
56 V, the limit of the heater used. At this heat load the measured
temperature of the finger was 120°C. There was no evidence of any abrupt
change in heat-transfer rate or cooling-water pressure differential in the
region of the boiling point. The temperature difference at the
copper/water interface at 56 V was 102°C.

The design is now complete. A minor modification to the present probes'
rear body will enable it to be used for the new probes. Components for two
complete probe heads have been manufactured and one head is almost
assembled. Work on the probe tubes is well advanced.

4.1.6 Magnet Power Supply Maintenance

L.V. Shankland (Accelerator Physics Branch)

The main power supply has run well during the reporting period with few
problems. New protection relays with gold contacts were installed at the
front end of the voltage-tap monitor to reduce problems caused by the
combination of low voltage signals and slight buildup of oxide layers on
the former silver contacts.

Two problems in power supply #2 (outer coil) were encountered. A slowdown
in the charging rate was traced to a faulty relay on the regulation
amplifier board. An indicator light failed to extinguish, because of a
leaky capacitor, when switching out of voltage-loop regulation.

4.1.7 Magnet Field Trim Rods

R.E. Milks and R.R. Tremblay

New nylon bushings have been installed on all of the trim-rod drive idler
gears to replace the oillte bushings. Several of the oilite bushings had
galled and seized during operation. A new trim-rod drive clutch design has
been installed on all but two of the eight trim-rod drives. The new design
replaces the previous needle-bearing design which had showed signs of
overloading. Parts are on order to complete the remaining two assemblies.
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Trim rods 3 and 9 in lover quadrant 3 were removed to repair leaking '0'
ring seals. The Bellville washers vhich had scratched the sealing surfaces
were replaced with polyethylene washers to prevent reoccurance of the
damage.

4.1.8 Cyclotron Openings

R.E. Milks and R.R. Tremblay

The cyclotron lower pole was lowered and raised a total of eight times over
the period. The list of dates and reasons for the openings is described in
Table 4.1.8.1.

TABLE 4.1.8.1
REASONS FOR LOWERING THE BOTTOM POLE

Date Reason

1989 July 4 1. Deflector leakage-current tests.

1989 July 10 1. Installation of r.f. wall plates at probes 1 and 2.
2. Repairs to deflector temperature diodes.
3. Deflector insulator tests.
4. Installation of extraction probe D sector head.

1989 Aug. 9 1. Reassembly of deflector with new uncoated Macor support

insulator.

1989 Aug. 15 1. Replacement of deflector feed Insulator.

1989 Aug. 16 1. Replacement of support insulator with a used coated
Macor insulator.

1989 Sept. 21 1. Removal of deflector assembly for cleaning and
installation of new A12O3 coated support insulator.

1989 Oct. 16 1. Replating of probe wall plates.
2. Installation of hill-lens temperature diodes.

4.2 RADIOFREQPENCY SYSTEM

4.2.1 Power Amplifier System

S.G. Whittle, N.A. Towne with P.J. Bunge (Accelerator Physics
Branch)

4.2.1.1 Power Amplifier Cooling

Most of the power-amplifier tubes have suffered serious damage because of
overheating of the filament and grid contacts. Temperatures as high as
150°C were found to be present in the region of the coaxial blocking
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capacitor in the power-amplifier output cavity. Measurements made of the
air flov and pressure to the power-amplifier tube socket showed that air
flow was well below the manufacturer's recommendation. Another blower was
installed to supply air to the tube socket and a water jacket was installed
in the inner diameter of the central cylinder on the plate capacitor.
Intake and exhaust fans were added to the cabinet. The cavity-to-baseplate
height was measured to check for misalignment tPt of the output cavities
as this had been suggested as one cause of the erheating. The maximum
error was 0.7 mm and adjustment reduced this to 50 /im. These modifications
should eliminate problems of melted fingerstock and damaged tube
connections, and will prolong tube life.

4.2.1.2 Tube Inventory

The four power-amplifier tubes that are on hand were carefully checked and
two are fully functional. The others have low emission and are probably
gassy. All tubes have had excessive heating in the socket area and most
show considerable damage. Damage reports were constructed from photographs
of the tubes and notes in the log books, and a request-for-quote for
repairs was sent to EIMAC but no action is contemplated for the bad tubes
at this time.

Upon consultation with EIMAC we have established a procedure for high-
voltage testing and conditioning of tubes that have been on the shelf for
more than several months and are to be placed in service.

4.2.1.3 Water Loads

Water-cooled loads were installed in the driver and power amplifiers in a
continuation of work started by Jim McGregor. An Instrument has been
designed and built to monitor the water flows and inlet and exit
temperatures of the water loads, and to provide interlocking functions with
latched indicators. The interlock circuits provide individual indications
of the status of the driver and power amplifier doors, shorting sticks, and
transmission-line airflow interlocks. Accurate r.f.-power measurements,
independent of other methods, will be possible upon completion of the
project.

4.2.1.4 Bypass Capacitors

Condensation on the water lines, and water leaks in the power amplifier
have repeatedly caused damage to the screen bypass capacitors in the tube
socket, requiring disassembly and repair. Artwork was prepared for making
new capacitors, and five new capacitors were ordered and received. They
are now in the spare-parts inventory. The plastic-tube fittings were
replaced with Swagelok connectors and inserts to guard against further
leaks.

4.2.1.5 Tuner Readback Wiring

New tuner readback wiring was installed along with a more stable voltage
reference. This has eliminated errors in the digital displays, and
improves the repeatability of tuner position settings.
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4.2.1.6 Amplifier Modelling

A series of programs for the calculation of amplifier tuner settings using
electrical models of each input and output circuit of the amplifier are in
an advanced state of development. The models are based on measured
dimensions of the elements and data sheets for the tubes. Two free
parameters in each model were adjusted to fit data of previous amplifier
tunes. In the case of the output circuits, the fits obtained have been
striking.

4.2.2 Bunchers and Phase-Control System

4.2.2.1 Beam Development and System Performance

G.R. Hitchel

Both the lov-energy buncher (LEB) and the high-energy buncher (HEB) have
performed reliably over the six month period. A paper on long-life buncher
grid design has been accepted for publication in the Review of Scientific
Instruments. Eleven bunched beams have been delivered to the cyclotron
during the reporting period for seven cyclotron runs. Injection amplitude
stability was typically better than 2% and phase stability better than ± 1°
r.f. (typically ± 0.5° r.f.). The typical bunch widths measured were 275-
330 ps or 5-6° r.f., including about 1-2° total phase jitter (total over
the 10 sec sampling time).

Since the cyclotron is now moving into a production mode, supplying beams
for Nuclear Physics experiments, efforts have been focussed on simplifying
buncher and phase-control setup routines. TASCC Instructions have been
issued in the reporting period dealing with buncher setup, phase control,
and bunch-length measurements, and efforts are under way to train the
cyclotron operators in this area.

We have also begun a practice of scheduling a week of beam time every six
months or so to do injection beam-line setups for new beams, that is, to
produce bunched beams ready for injection into the cyclotron. This allows
beam-line steering and ion source parameters to be checked, emittance
measurements to be done and stripping-foil options to be explored. A
buncher and phase-control setup is then done for each beam. This
cataloguing of beam parameters reduces the time needed to set up beams
during a cyclotron run. It allowed us to accelerate and extract bromine to
15, 18 and 20 MeV/u, all in the same run, in October 1989. Such multi-bean
runs are particularly valuable for exploring cyclotron parameters.

4.2.2.2 Phase-Control System Studies

N.A. Towne

A study to determine optimal compensation of the phase-control system for
bandwidth and gain has been completed. A programmable-gain amplifier, to
be used to adjust the loop gain in slit control mode, is now functioning
properly. A study to measure the beam-phase noise at injection, in both
slit and CPP1 control modes, for a wide range of beams, is planned, with
the objective to determine the magnitude of phase noise at CPP2 that is not
removable by the phase-control system in its current configuration.
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Efforts were begun to measure the effect of the phase-control system on
beam phase and energy noise introduced by the ion source, Tandem, and
system oscillator. The performance and stability of alternative
configurations of the phase-control system, some with an additional phase-
control loop, are part of the study.

4.2.3 Bunched-Beam Diagnostics

G.R. Hitchel with J.J. Hill and P. Jones (Nuclear Physics Branch)

A third capacitive phase probe (CPP3) has been installed on the extraction
beam line to monitor directly the bunched, extracted current. Difficulties
vere encountered vith steering some beams through its 19 mm aperture, so a
larger-diameter model vas substituted but sensitivity was sacrificed. As
it stands, it is useful only as a beam-presence monitor vhen the extracted
beam is less than 50 nA. After a new X-Y steerer is installed on the
cyclotron extraction line, ve hope to return to a more sensitive monitor.

A third beam-pulse detector (BPD3) vith 100 ps response time has been
installed on the extraction beam line. Its very high bandwidth allows
measurements of the extracted-beam bunch width. The extracted bunch widths
are typically 150-250 ps at the base. Extracted-beam bunch width and
timing-shift measurements are now routinely used to fine-tune the cyclotron
dee-phase to within 1° r.f. to obtain optimum energy focussing of the
extracted beam. Such beam quality promises to be very interesting for
time-of-flight experiments. During the Cl 22.5 MeV/u run in December, the
measured bunch-width of the extracted beam was 235 ps (base width of 2.7°
r.f.) at BPD3. This is consistent with a beam-energy spread of AE/E about
3 x 10'*. A very preliminary measurement of AE/E with the cyclotron object
and image slits (before and after BEl, respectively) gave values of 3 x
10-* to 6 x 10"4' measured at the half-current points and the 'outer edge'
(<5X interception) of the beam, respectively.

An investigation of the bandwidth limits and overall performance of the
sub-nanosecond Beam Pulse Detection System has been completed. Details have
been compiled in SCC Note, Series II, # 69. The resolution can be as good
as 60 ps.

4.2.4 Cyclotron Control

N.A. Towne with P.J. Bunge (Accelerator Physics Branch)

4.2.4.1 AFC System

A vector voltmeter has been installed as an alternative to an active mixer
in the Automatic Frequency Control (AFC) system used to sense cyclotron
tuning errors. The superior performance and constant voltage-out to phase-
error- in ratio of the vector voltmeter has made the AFC system function
more uniformly with variations in dee voltage and frequency. This is most
notable at the high-frequency, high-power operating range of the cyclotron
where the active mixer appeared to be incapable of functioning properly.
The balance capacitors are used to fine tune the cyclotron, compensating
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for the effect of heating in the cyclotron. The control logic of the
balance capacitors was changed to have them return to cold-tune values when
r.f. drive to the cyclotron disappears or falls to a small value. The
result is that the cyclotron may be turned on and restarted from an
interlock trip much more smoothly and easily than before. A problem
remains for beam development in x mode where the effect of radial-probe
position is that there is no unique cold tune.

4.2.4.2 System Tuning

Efficiency in tuning the 100 kW amplifier has been improved through new
procedures to deal with the interaction of the resonators in the system,
the presence of multipactoring in the cyclotron, inadequate instrumentation
and poor repeatability of the tuner settings. A spectrum analyzer is now
used routinely for tuning the cyclotron and power amplifier at power levels
below the multipactoring threshold. This also has reduced arcing in the
power amplifier.

4.2.4.3 Automatic Voltage-Control Compensation

A study to determine optimal compensation of the dee-voltage-control (AVC)
loop has been completed. The results will be implemented as the cyclotron
work schedule permits.

4.2.4.4 Cyclotron Temperature Monitoring

Intermittent trips have plagued the system for some time. These were
traced to chassis 500, the structure-temperature monitors. The chassis was
modified, thus reducing the sensitivity of the system to ground-loop and
other noise.

4.2.5 Noise measurements

4.2.5.1 Amplitude Modulation of Extracted Beams

G.R. Mitchel, W.T. Diamond and J.W. McKay

Intensity modulation of the beam extracted from the cyclotron is generally
30Z or less, showing low-frequency components at 10 Hz, 60 Hz and at higher
harmonics. Modulation of the beam at 10 Hz is now thought to be related to
instabilities of the beam as extracted from the Tandem accelerator. 10 Hz
position and intensity modulation of the beam has been measured at the
Tandem object slits. Since this is close to the rotational frequency of
the charging-chain pulleys, vibration measurements were made on the column
during the tank opening before Christmas. These measurements showed small
vibrations at 20 Hz and at 380 Hz (the pellet frequency), but not at 10 Hz.
This suggests that the source of the 10 Hz beam modulation is not
mechanical. Measurements are being made to determine other possible
sources of the modulation such as the Tandem stabilizer system or the ion
source.
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4.2.5.2 Specification of the System Oscillator

N.A. Tovne

A criterion for the suitability of an oscillator for use as an r.f. system
oscillator vas developed and applied to the HP 8656B signal generator
currently being used, and an HP 8656A signal generator previously used.
Both were found to be satisfactory.

4.3 BEAM DYNAMICS

4.3.1 Consequence of Moving Hill Lens 2

E.H. Lindqvist

There is experimental and theoretical evidence that hill lens 2 is located
at too great a radius. Additional diagnostics at the exit of the lens are
planned to investigate further the optimum position. Calculations indicate
a number of consequences for a range of positions.

An inward move of hill lens 2 would increase the required deflector voltage
only slightly but would significantly decrease the optimua setting of
extraction channel 1. As extraction channel 1 is the primary limitation
for extracting beams at low main-magnet fields (too close to the critical
current) an inward move of hill lens 2 would increase the area on the mass-
energy diagram for which the extraction elements could be set at their
optimum settings.

If we assume 90Z of the critical current to be the practical limit of the
extraction-channel settings, the minimum calculated main-magnet field for
optimum extraction channel settings is 3.16 T for hill lens 2 in its
present location, 3.04 T for a 1.0 nun move and 2.98 T for a 1.5 mm move.
Experimental experience indicates that the field limits will even be lower
because of discrepancies between calculated and experimental optimum
settings of extraction channel 1.

A 1.0 mm inward move of hill lens 2 would be the best compromise over the
full operating range of the main magnetic field (2.5 - 5.1 T) and a 1.5 mm
move inward the best compromise for a slightly reduced range of the main
magnetic field (3.0 - 4.2 T).

4.3.2 Vertical Motion in the Extraction Region

E.H. Lindqvist

Vertical motion in the extraction region has been calculated for 79Br
15 MeV/u. The vertical beam position was measured at the scrapers on hill
lens 1 and on probe 1 in the 5-port box after extraction. The transfer
matrix between the two points was calculated with the program GOBLIN, and
the beam angles at the two points were thus determined. Furthermore,
transfer matrices were established for other points located between the two
measured points and, as a result, the vertical position of the beam during
extraction could be calculated.
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In this particular case the beam had a vertical cross-over in the
extraction channel where the aperture is at its minimum. Hence no beam
should be lost. For other beams, the two measured points were such that
there was no cross-over in the extraction channel but, instead, the maximum
vertical displacement was experienced there. Under such conditions beam
could be lost. It is important therefore to choose a turn for extraction
that creates a vertical cross-over in the extraction channel.

The probe that moves along the extraction channel is now ready to measure
not only the horizontal but also the vertical position of the beam.

A.3.3 R-Pr (Radius-Radial Momentum) Diagrams and Resonant Extraction

E.H. Lindqvist

On some occasions cross-overs, in which one turn is positioned at a smaller
radius than an earlier turn, have been observed near extraction; in fact,
at least two beams have been extracted having the last turn crossing over
the next-to-last one.

The reason that cross-overs are not observed more regularly Is the
unusually rapidly-decreasing fringe field and the good turn separation at
extraction (only 4-7 turns to extraction radius after the vt=\ resonance
for acceleration of 110-120 turns) for the beams that have been developed.

R-Pr diagrams have been calculated for various beams at 107 and 150 turns
of acceleration to show that the possibility of crossovers increases with
the number of turns and with decreasing radius of the vr=\ resonance. The
calculations also show how difficult it is to interpret properly the
positions of the last turns on the probe scans. This will be so, even when
the wire probes are installed.

The original idea of resonant extraction was to move the beam off-centre
towards the extraction element on the last turn in order to increase the
turn separation. The SCC has a more rapidly-decreasing fringe field than
most other cyclotrons. On the one hand, in many cases this increases the
turn separation on the last turn enough for good clearance. On the other
hand, the fringe field also Increases the beam-width. So, for beams where
the width is large, resonant extraction could be used to decrease the beam-
width instead of to optimize the turn separation. For beams where the
deflector voltage is a limitation, resonant extraction could be used to
minimize the required voltage. However, decentering on the last turn
should not be so large that much beam is lost on the deflector assembly,
the hill lenses or the extraction channel.
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4.3.4 New Beams Calculated

E.H. Lindqvist

Beam-line and cyclotron parameters have been calculated for the following
beams:

"Cl
35C1
"Cu
63Cu

5 . 5 MeV/u
30 MeV/u
10 MeV/u
20 MeV/u

0-mode
x-mode
0-Bode
0-mode

h=4
h=2
h=4
h=4

3 7 C1
3 5 C1
"Cu
i o 7 A g

22,
35
18
4.

.5 MeV/u
MeV/u
MeV/u
7 MeV/u

it-mode
x-aode
0-node
x-mode

h=2
h=2
h=4
h=6

The first two beams have already been extracted,
the others during the first months in 1990.

It is planned to develop

Calculations have been made for 37C1 5.5 MeV/u and 63Cu 10 MeV/u beams with
three different stripper-foil thicknesses; 5, 10 and 20 ftgm/ca2. The main
reason to use the thinner foil for 37C1 5.5 HeV/u, is to increase the
intensity of the accelerated beam by stripping it below equilibrium. The
use of thinner foils will also reduce the emittance and energy straggling,
which should result in better extraction efficiencies. Plans have been
made to use the thinner foils in early 1990.

The 37C1 5.5 MeV/u and 107Ag 4.7 MeV/u beams were chosen for physics
experiments, the other beams mainly for cyclotron development. Any beam
with a higher specific energy then 37C1 22.5 MeV/u (presently, the highest)
will also eventually be used for physics experiments.

For most of the beams, the upgrading of the Tandem has made it possible to
choose charge-state combinations for which the estimated optimum deflector
voltage is less than 70 kV.

4.4 CRYOGENIC SYSTEM

R.E. Mi lks , R.R. Tremblay

4 . 4 . 1 Operation

The system operated normally throughout the per iod except for scheduled
shut-downs to do r o u t i n e maintenance and t o connect the new ro tary screw
compressor.

A t o t a l of 260 c y l i n d e r s of hel ium gas were added t o the system compared to
145 cylinders during the previous six month period. Of these, 116
cylinders were used or lost during the tie-in of the new screw-compressor
because of cryostat/dewar b o i l - o f f s , purging and cool-down
overpressurization after the system was restarted.

Liquid-nitrogen deliveries, estimated at 332,000 litres, were made to the
large storage tank compared to 320,000 litres for the previous six-month
period.
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A new, normally-closed solenoid valve has been added to the helium-can
relief system in place of the existing normally-open valve. This is to
minimize helium-gas losses in the system during power outages. A
mechanical valve in the relief line was adjusted in order to throttle the
relief flow to maintain normal magnet-lead flows and prevent freeze-up of
the relief solenoid. Experience has proven that this system performs very
satisfactorily.

4.4.2 Crvostat

The cryostat level was maintained full at 632 litres over the six-month
period except during power outages and when the new rotary screw compressor
was being tied in. During the screw compressor tie-in the cryostat level
dropped to 0 litres for a total of 65 hours and the cryostat warmed to a
temperature of 51 Kelvin as measured on the tower-3 gas thermometer.
Recentering of the magnet coils is not required until the temperature rises
above about 80 Kelvin.

After the screw compressor was tied in and the system restarted, the
cryostat pressure was very high at about 45 kPa and the liquid level was
impossible to maintain. The 'H' transfer tube (gas return) had to be
removed twice in order to remove ice blockages before the system returned
to a normal operating pressure of 25 kPa.

4.4.3 Helium Liquefier

Scheduled 2500-hour maintenances were performed on engines 5 and 7 and, at
the same time, engine-5 main bearings were replaced. Engine-5 main
bearings were replaced a second time because of a fly-wheel misalignment
problem. Since then, a bearing-alignment jig has been designed and is
awaiting fabrication by Nuclear Physics machine shop.

A scheduled 5000 hour maintenance was performed on engine 7. A partial
5000-hour maintenance on engine 5 will be completed early in the new year.

Engine 5 has operated a total of 39,500 hours and engine 7 a total of
40,000 hours.

4.4.4 Helium Compressor

The existing screw compressor and 4 reciprocating compressors have run
almost trouble free over the six-month per'od.

A new screw compressor, which was purchased early in the year, has now been
tied into the system, has been commissioned and is performing well.

Prior to the screw compressor tie-in, a new compressor control module had
been designed, built and installed by the Nuclear Physics electronics
group. Since then the module has also been commissioned.
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The existing screw compressor has a total of 40,155 hours and, according to
Dave Lennard (KOCH field engineer), we are very fortunate that the
compressor has not had a motor failure before now. The plan is to run the
new screw compressor with assistance as required from the 4 reciprocating
compressors and to reserve the existing screv compressor as a spare.

4.4.5 Remote Monitoring and Control

One chassis for control-room control of the cryogenic production rate and
transfer has been designed, built and bench tested. A second interface
chassis is presently in the wiring shop. Cabling between the control room
and Room 209 has been installed.

Four new "global status modules" have been Installed and commissioned in
the system.

4.5 COMPUTER CONTROL SYSTEM

B.F. Greiner with V.F. Slater, R.B. Valker and T.G. Whan (Nuclear
Physics Branch) and D. Barentsen (University of Waterloo Co-op
Student)

4.5.1 Operation

The control system was in operation for more than 95Z of the report period
and for more than 99Z of the time not scheduled for computer-system
maintenance. Twenty hours of scheduled beam time were lost after a CAMAC-
highway bypass unit failed in coincidence with a Tandem breakdown and staff
unavailability. This is the first significant loss of beam time
attributable to a control-system failure. It is ironic that the bypass
units are intended to prevent the exact type of problem that was caused by
this failure. Debugging of the bypass hardware (Section 4.5.3) is
progressing slowly because the system is in use most of the time and the
problems are particularly difficult.

A significant fraction of the period was spent on commissioning the
remainder of the TASCC II installation. Detailed operational testing was
carried out for vacuum components, beam-diagnostics hardware and beam-line
magnets for target positions 6 and 7 early in the period and for positions
5, 8, 9 and 10 in late autumn. Tandem beams were delivered to these areas
as acceptance tests for TASCC II, and cyclotron beams were delivered to T6
and T7, all under computer control. Late in December, the second injector
was run for the first time under computer control. All of the TASCC
installation is now operable under computer control, including a beam-line
set-up procedure that utilizes groups of devices to maximize operator
efficiency.

There are still recurring hangups of the control desk that will be resolved
when the control-system software upgrade is completed. These hangups are
easy to recover from and diagnosis of the actual fault would not be cost
effective.
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4.5.2 Software

The highest priority in software during the period was the creation and/or
verification of approximately 450 new entries in the "system-variable" data
base for TASCC II hardware. The total number of system variables now
stands at 2937. Changes were also made to injector-A and cyclotron
readbacks during the period.

The largest proportion of our software effort was devoted to upgrading the
control-system software, to resolving known problems and to extending
certain special-purpose programs so that they would run on all TASCC
devices. The upgrade is very close to complete, but has been held up by
the completion of TASCC II and by a technical problem that is being
investigated with assistance from the computer-control group at the Hahn-
Meitner Institute for Nuclear Research.

NMRTSK, a program that corrects dipole magnets for long-term drifts, was
extended to control all fifteen high-energy dipoles. Extensive revisions
were also carried out to correct known bugs and to add touch-panel features
that facilitate operator intervention in the stabilization process.

BEAMSTOP, a program that facility operators run on demand to report
hardware status that affects beam delivery in the operational subset of the
beam-line, was also extended to cover TASCC II hardware. BEAMSTOP was also
rewritten in C, to make it easier to maintain and easier to transfer to
another computer system. Finally, EMERG, a program that runs down beam-
line magnets gracefully, was added to the system so that operators can
easily shut down the complex in a safe manner in the event of a site
evacuation. The program utilizes powerful grouping features that exist in
the control software to run all magnets down to zero current and then to
shut off all power with very few lines of code.

A commercial software package that was developed for an accelerator project
at the Los Alamos National Laboratory was thoroughly investigated during
the autumn. Funds earmarked for additional computer purchases for TASCC II
were utilized to purchase the software and a minimum hardware configuration
to assess the software in TASCC. During 1990, the "VISTA Control Systems"
software will be configured to operate the injectors and to gain experience
with the new software and VAX computer hardware. The injectors will be
operable from the existing control desk at all times, to allow maximum
freedom for us to learn the new system and to provide back-up operation.

The intelligent auxiliary controllers that have been providing field
control of the low-energy dipoles have suffered from recurring faults.
Approximately twice per day, the controllers set the magnets slightly off
the set field and then, a few seconds later, return to the correct field.
Steps have been taken to Improve the reliability of the communication
between the controller and the Hall probe instrument and to improve the
controller software to allow recovery from the fault. In addition, the
Hall-probe instrument suffered from internal software hangups, especially
during AMS runs when high-voltage sparks in the injector were more
frequent. The manufacturer of the Ball probe has provided a means of
resetting the internal electronics that did not exist previously, but
automatic detection and correction of the problem are still in the planning
stages.
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4.5.3 Hardware

CAMAC crates, cables and nodules were installed to enable remote control of
134 devices in the TASCC II beam line and approximately 10 devices in the
second injector, requiring some 450 CAMAC channels in all. Fibre-optic
communication with the second injector was pre-tested in the laboratory and
operated correctly when it was installed in the injector.

Debugging of the bypass/repeater units in the CAMAC highway has progressed
steadily. Modifications to the bypass units are essentially complete and
standard crate controllers are installed in nearly all crates. Bursts of
highway errors still occur unexpectedly once or twice per month, and
disappear just as mysteriously. In addition, installation of the master
bypass unit always causes errors in CAMAC messages. Attention is presently
focussed on the "Serial Highway Driver". Analysis of the errors has
Indicated that the driver is reporting a 'loss-of-clockH condition when the
clock signal is actually still present. Resolution of this problem will be
slow, however, because the Hloss-of-clock" cannot be reproduced on the
bench.

Agreement has been reached with technical specialists responsible for the
vacuum hardware to remove the dependence of vacuum-section controllers on
the presence of CAMAC-crate power. This program of alterations will add a
small overhead to another program of modifications to the hardware that is
necessary for continuing reliability of the vacuum system. The removal of
the interlock will make certain rarely occurring maintenance operations
much more efficient, and this benefit is certainly judged to justify the
relatively small expense.

A committee has been formed to specify a computer to replace the existing
cyclotron-probe controller. The slightly favoured system at present is a
VAX-based concept and the experience with the VISTA package on the second
injector will have a large influence on further discussions.

4.6 NEGATIVE-ION INJECTOR

4.6.1 Operation and Development

J.V. McKay and Y. Imahori

Modifications to the 860a sputter source, described in the last semi-annual
report, were completed on the second source this summer. The enhancement
of reliability hoped for from these modifications has continued. Plans
have been made to convert these sources to use spherical ioniztrs. This
will provide a better-focused caesium beam and, as a consequence, a better
focused and, perhaps, more intense ion beam.

First beam tests of the second-injector deck were performed in December.
No major problems were encountered except for a deficiency in the de-
ionized-water system. The inflection-magnet power supply on the new deck
requires a much higher water pressure than did the one on the old deck. A
new pump to be delivered at the end of January should solve this problem.
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4.6.2 Progress In Accelerator Mass Spectrometry

H.R. Andrews, G.C. Ball, V.G. Davies and V.T. Koslovsky with
B.F. Greiner, T. Imahori and J.V. McKay (TASCC Accelerators and
Development Branch), R.M. Brown, R.J.J. Cornett and G. M. Milton
(Environmental Research Branch) and J.C.D. Milton (Physics and
Health Sciences)

See section 3.2.11 in this report.

4.7 TANDEM ACCELERATOR

4.7.1 Operation

L.B. Bender

The Tandem accelerator operated extremely veil during the period, producing
beams in the bypass mode (Tandem only) for Nuclear Physics experiments at
four target locations: ISOL Facility, Reaction Studies Facility, 8*
Spectrometer Facility and the Ortec Chamber. The Tandem also produced
beams for cyclotron beam development and for two experiments that used the
cyclotron one based at the Particle Facility and the other at Ortec
Chamber. Accelerated beams are listed in Table 4.7.1.1.

TABLE 4.7.1.1
BEAMS ACCELERATED BY THE MP TANDEM

1989 JANUARY 01 TO JUNE 30

Isotope Max
at

Protons
Carbon-12
Carbon-13
Nitrogen-14
Oxygen-16
Fluorine-19
Aluminum-27
Silicon-28
Phosphorus-31
Sulphur-32
Sulphur-34
Chlorine-35
Chlorine-36
Chlorine-37
Bromine-79
Silver-107

Ion Current
Cup l.Ad (nA)

24,000
4,000

90
145

11,000
2,800
290

1,400
720

7,000
6,000
15,000

*
5,000
4,600
1,900

Max Bean Energy
(MeV)

25
84
60
70
114
92
115
160
156
195
185
200
90
187
117
73

Charge
State

+5
+5
+5
+7
+6

+ 10
+ 10
+10
+12
+12
+13
+7

+ 12
+8
+6

Max Analysed
Current (nA)

14,000
2,000
100
11

4,300
2,900
100
100
70

2,900
60

2,000
*

1,000
1,000
220

A.M.S. experiment
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4.7.2 Generator

L.B. Bender

Tandem generator operation vas exceptional during the period. Numerous
experiments were carried out at terminal voltages of 14 megavolts and
higher, with one experiment carried out at 15 megavolts.

There were no major incidents during the period. The generator tank vas
evacuated on six occasions, four of which were for scheduled maintenance.
The terminal foil-changer vas reloaded with new foils during one tank
opening. The final tank opening during the period vas scheduled in order
to install the new high-energy foil-changer and carry out routine
maintenance as well as repairs to the terminal foil-changer.

The Vlvirad resistors continue to perform satisfactorily. Only two tube
resistors vere changed because of low value. Some of the column resistors
in high-energy sections 5 and 6 are shoving a slight reduction in value.
Although this is not considered to be a problem, the situation is being
monitored closely. These resistors have been in service since 1987 March
and no replacements have been necessary to date.

4.7.3 Sulphur Hexafluoride (SF6) Gas System

L.B. Bender

The SF6 gas transfer system operated normally during the period. The only
incident concerned the gas recirculation blower, which expelled a small
amount of oil into the system. The effect was an increase in the indicated
SF6 gas moisture content. Investigations revealed that the vent port on
the blower had been capped in error during repairs to the unit. This
situation vas rectified, the gas purified by recirculation through the
alumina dryers and normal operation vas restored.

The valve between the generator and the main vacuum pump vas replaced
during the period eliminating the excessive gas losses noted in PR-PHS-P-7.
Thirty-two cylinders of SF6 gas were added to the system during the period
prior to the valve change.

4.8 BEAM TRANSPORT SYSTEM

L.B. Bender

4.8.1 Magnets

The beam-transport-magnet systems operated normally during the period.
There vere no major difficulties, vith only normal maintenance and repair
including replacement of relays, cooling fans, pover transistors, flov
svitches and filter banks as required on the various pover supplies. The
quadrupole and dipole magnets for Phase II vere commissioned under computer
control during the period.
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4.8.2 Vacuum System

The vacuum system has operated normally during the period. Spurious trips
of valves and cups have been largely eliminated. However, Tandem voltage
breakdowns still cause various trips and there is no clear answer to this
problem. Further shielding of high-voltage electrical feedthroughs on the
Tandem generator is being considered.

4.8.3 Beam Diagnostic Devices

With the exception of two beam-slit assemblies, which required repair for
grounded beam-current jaws, all devices operated normally. A modified slit
assembly, equipped with tantalum shrouds around the jaw insulators to
protect them from sputtered jaw material, was installed in beam-line
section le.

A beam-pulse detector was installed on the cyclotron extraction line as a
non-intercepting monitor of extracted beams (see section 4.2.3).

4.8.4 Phase II Beam Commissioning

T.K. Alexander, W.G. Davies, J.S. Forster, J.J. Hill, P.J. Jones
and W.F. Slater with Operational Staff (TASCC Accelerators and
Development Branch)

See Section 3.3.1 in this report.

4.9 BUILDING SERVICES

L.B. Bender

4.9.1 De-ionized Water System

The de-ionized water system operated satisfactorily during the period. The
water chiller was shutdown and the system switched to winter mode without
incident. Repairs to the number-2 chilled-water-loop pump were completed
early in the period. A bearing failed in one of the de-ionized-water pumps
and the pump was repaired and returned to service in a few days.

A complete system water-load test was carried out during the period. This
test revealed that under worst-case conditions, with all magnets energized
to the Q3D and the cyclotron cooling systems on, no reserve capacity
remains. Since a failure of any of the de-ionized-water pumps could
restrict total facility operation, the feasibility of installing a fifth
de-ionized-water pump is being assessed.

4.9.2 Electrical Systems

There were three Ontario Hydro power failures during the period. There
were no difficulties with the emergency power.



4-20

4.9.3 Safety

The oxygen monitors in rooms 106 and 113 failed once each during the
period. The monitors vere repaired and returned to service.

4.10 TASCC ELECTRONICS DEVELOPMENT

G.L. Backmeier and D.L. Schroeder with J.P.D. O'Dacre and
B.V. Luloff (Nuclear Physics Branch)

See section 3.2.17 in this report.

4.11 THE GAMOV-TELLER DECAY OP 39Ca

H. Schmeing vith E. Hagberg, V.T. Koslovsky, T.K. Alexander,
G.C. Ball, J.S. Forster (Nuclear Physics Branch), J.C. Hardy
(TASCC Division) and J.R. Leslie and H.B. Hak (Queen's University)

See section 3.1.3 in this report.

4.12 PRECISE HALF-LIFE DETERMINATIONS OF SUPERALLOVED B EMITTERS

H. Schmeing vith V.T. Koslovsky, E. Hagberg, V. Perry, M.J. Vatson
(Nuclear Physics Branch), J.C. Hardy (TASCC Division) and G. Dyck
(University of Manitoba).

See section 3.1.4 in this report.

4.13 DIRECT MASS MEASUREMENT OF BROMINE ISOTOPES

H. Schmeing vith E. Hagberg, V.T. Koslovsky (Nuclear Physics
Branch), J.C. Hardy (TASCC Division) and G. Dyck and K.S. Sharma
(University of Manitoba).

See section 3.1.5 in this report.

4.14 ISOL: OPERATION AND DEVELOPMENT

H. Schmeing vith V.T. Koslovsky, E. Hagberg, I. Neeson,
V.L. Perry, M.J. Vatson (Nuclear Physics Branch) and J.C. Hardy
(TASCC Division) and G. Dyck (University of Manitoba).

See section 3.2.1 in this report.
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4.15 PUBLICATIONS. DOCUMENTS AND TALKS

L.V. Thomson

Eighteen new TASCC Instructions have been released during the period and
eight have been revised. Tventy-one SCC Notes (Series II) have been
distributed. Monthly issues of the TASCC Nevsletter continue to be written
with a current mailing list of 93 recipients, with 67 being off-site.

New TASCC Instructions

RADIATION HAZARDS AND SAFETY CONSIDERATIONS,
L.B. Bender,
TASCC Instruction # 1.1.01.

OPERATING POLICIES,
L.B. Bender,
TASCC Instruction # 1.1.03.

SAFETY INTERLOCK SYSTEM TESTS,
L.B. Bender,
TASCC Instruction # 1.1.06.

TERMINAL FOIL CHANGER RELOADING,
L.B. Bender,
TASCC Instruction # 3.15.

PROCEDURES TO SET UP CYCLOTRON BUNCHERS AND PHASE CONTROL,
G.R. Mitchel,
TASCC Instruction # 4.1.0.

TUNING LEB TO A NEW FREQUENCY,
G.R. Mitchel,
TASCC Instruction # 4.1.2.01.

STARTING LEB AT A NEW FREQUENCY,
G.R. Mitchel,
TASCC Instruction # 4.1.2.02.

RESTARTING LEB AT TEE SAME FREQUENCY,
G.R. Mitchel,
TASCC Instruction # 4.1.2.03.

TRANSFERRING LEB TO COMPUTER CONTROL,
G.R. Mitchel,
TASCC Instruction # 4.1.2.04.

LEB SAWTOOTH WAVEFORM SETUP,
G.R. Mitchel,
TASCC Instruction # 4.1.2.05.

LOW ENERGY BUNCHER SHUTDOWN,
G.R. Mitchel,
TASCC Instruction # 4.1.2.08.
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TUNING TO A NEW FREQUENCY,
G.R. Mitchel,
TASCC Instruction # 4.1.3.01.

STARTING BEB AT A NEW FREQUENCY,
G.R. Mitchel,
TASCC Instruction # 4.1.3.02.

RESTARTING HEB AT THE SANE FREQUENCY,
G.R. Mitchel,
TASCC Instruction # 4.1.3.03.

TRANSFERRING HEB TO COMPUTER CONTROL,
G.R. Mitchel,
TASCC Instruction # 4.1.3.04.

HIGH ENERGY BUNCHER SHUTDOWN,
G.R. Mitchel,
TASCC Instruction # 4.1.3.08.

INJECTION BEAMLINE PHASE CONTROL SETUP,
G.R. Mitchel,
TASCC Instruction # 4.1.4.01.

NEW SCREW COMPRESSOR INSTALLATION,
R.E. Milks,
TASCC Instruction # 4.2.22.

REMOVING TRIM-RODS FOR VACUUM LEAK REPAIR,
R.E. Milks,
TASCC Instruction # 4.7.05.

TASCC ROUTINE MAINTENANCE PROCEDURES,
L.B. Bender,
TASCC Instruction # 8.02.

SCC Notes

(SCC Notes are available for internal use at CRNL).

MODEL CAVITY TESTS,
Zhou X-h,
SCC Note # 17.2.

RUN DIARY: SILVER-10/6.5 (1989 OCT 1-6),
L.V. Thomson,
SCC Note # 45.1.

RUN DIARY: BROMINE-10 (1989 JULY 16-20),
L.W. Thoason,
SCC Note # 54.1.
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STRAY MAGNETIC FIELDS AROUND THE SCC AND BEAMLINE AT 3.9 TESLA (AG-13),
L.V. Thomson,
SCC Note # 58.1.

STRAY MAGNETIC FIELDS AROUND THE SCC AT 3.4 TESLA (BROMINE-18),
L.V. Thomson,
SCC Note # 58.2.

RESIDUAL MAGNETIC FIELDS AROUND THE SCC WITH NO APPLIED FIELD,
L.V. Thomson,
SCC Note # 58.3.

STRAY MAGNETIC FIELDS AROUND THE DEFLECTOR'S NEW TEST-STAND AREA,
L.V. Thomson,
SCC Note # 58.4.

ANALYSIS AND COMMENTS ON EXPERIMENTS USING 79BR 10 MEV/U,
E.H. Lindqvlst,
SCC Note # 62.

EFFECTS OF CR203 COATING ON MACOR INSULATORS VITH H.V. UNDER VACUUM,
R.K.H. Brown,
SCC Note # 63.

RUN DIARY: BROMINE-18 (1989 AUGUST 14-19),
L.V. Thomson,
SCC Note # 64.

RUN DIARY: BROMINE-15-18-20 (1989 SEPTEMBER 10-15),
L.V. Thomson,
SCC Note # 64.1.

CYCLOTRON CAVITY INSERTION LOSS VITH A VARYING DEFLECTOR VOLTAGE &
CURRENT,
C.B. Bigham, N.A. Tovne,
SCC Note # 65.

CALCULATIONS OF DECENTERING DUE TO DEE-VOLTAGE ASYMMETRIES IN THE SCC,
E.H. Lindqvist,
SCC Note # 66.

EXTRACTION STUDIES: SUMMER 1989,
E.H. Lindqvist,
SCC Note # 67.

VERTICAL MOTION DURING EXTRACTION,
E.H. Lindqvist,
SCC Note # 68.

SUBNANOSECOND BEAM PULSE DETECTION SYSTEM,
G.R. Mitchel,
SCC Note # 69.
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RUN DIARY: CL-5.5 (1989 OCT. 22-26),
L.V. Thomson,
SCC Note # 70.0.

CROSS-OVERS ON THE LAST TURNS IN THE SCC,
E.H. Lindqvist,
SCC Note #71.

RUN DIARY: CL-22.5 AND BR-13 (89 NOV. 12-16),
L.V. Thomson,
SCC Note # 72.0.

RUN DIARY: CL-22.5 PRODUCTION RUN (1989 DEC. 03-10),
L.V. Thomson,
SCC Note # 72.1.

FUNCTIONS OF "PROBE" PROGRAM,
R.E. Hovard,
SCC Note # 73.

PERFORMANCE SPECIFICATION OF THE R.F. SYSTEM OSCILLATOR,
N.A. Tovne,
SCC Note # 74.

USEFUL FORMS OF THE HAMILTONIAN FOR ION OPTICAL SYSTEMS,
V.G. Davies,
SCC Note # 75.

Conference Abstracts and Presentations

"TASCC BEAM STABILITY" G.R. Mitchel, presented at the Canadian
Accelerator Conference, Deep River, 1989 October 16-19.

A BRIEF REVIEV OF CHARGING SYSTEM DIAGNOSTICS USING A CAPACITIVE CHAIN
SIGNAL PICKOFF,
J.V. McKay,
Proceedings of the Symposium of North-Eastern Accelerators Personnel-1989.
1989 October 23 - 26.

TASCC ACCELERATOR SUPERCONDUCTING CYCLOTRON 1989 REPORT TO SNEAP,
J.V. McKay,
Proceeding of the Symposium of North-Eastern Accelerator Personnel,
1989 October 23 - 26.

STATUS OF THE SUPERCONDUCTING CYCLOTRON AT CHALK RIVER,
H. Sctuneing,
Proceedings of the Symposium of North-Eastern Accelerator Personnel-1989.
1989 October 2 3 - 2 6 .

A CAMAC-RESIDIENT MICROPROCESSOR USED FOR FIELD CONTROL OF A DIPOLE
MAGNET,
B.F. Greiner with F.J. Sharp (Nuclear Physics Branch), Poster Presentation
at the Proceedings of the Second International Conference on Accelerator
and Large Experimental Physics Control Systems, Vancouver.
1989 October 30.
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Director - M. Harvey*
Secretary - J. Vaudry

5.1 Topical Review: The Topology of Physical Structures

Mathematicians have long puzzled over the description of knots and braids
within the branch of mathematics known as topology. The topological theories
have very recently come into greater prominence by the realization that their
mathematics, via quantum groups, share similarities with a wide variety of
physical structures ranging from quantum gravity, black holes, elementary
particles, quantum statistics, high temperature superconductivity to the
structure of DNA. These relationships are themselves providing insight into
the mathematics.

Quantum groups are extensions to the Lie groups that have for decades played
an illuminating role in classifying the symmetries of atomic, nuclear and
particle structures. It is natural therefore that group theoretical
expertise should turn now into this new direction.

Some members of the Theoretical Physics Branch are coming to grips with these
very recent and exciting developments. The realization of the connection
with quantum gauge theories of particle physics has come only within the past
two years. The work in Theoretical Physics Branch has concentrated mainly on
understanding the newly discovered twisted quantum groups and on the
mathematics of knots and braids with several useful theorems having been
proved. A step towards physics has been taken by examining, and extending,
the process called "Baxterization", therein representations of certain braid
groups are related to the Boltzman weights of exactly solvable statistical
models such as the Ising model. This development of the Baxterization idea
began in the USSR and has been taken up in CRNL in collaboration with SUNY,
Stony Brook and a Chinese visitor.

It is too early to say exactly what the ramifications of these new ideas will
be, but they are likely to be profound if one notes the number of the best
brains in theoretical physics around the world working on the problems. It
is true to say that this development in theoretical physics is perhaps the
most exciting and significant one in decades, a reason perhaps, why the
recent Banff Advanced Study Institute (directed by a member of the
Theoretical Physics Branch) on this topic, although originally planned for 90
people, was over-subscribed with more than 170 participants after turning
away another 100.

^assumed position 1989 July 24. Past Director, Dr. G. Dolling, assumed the
position of Vice-President, Radiation Applications & Isotopes, 1989 July 14.



5-2

5.2 Theoretical Physics

Great accuracy is now being achieved between theory and calorimetry
measurements for heat capacities for various phases of ice. This new
standard in accuracy is achieved by the care taken to correct results for
multiphonon and multiple scattering (7.2).

Simple analytical models have been developed to determine the effects on the
flux and energy distributions of neutron beams through their scattering from
mixtures of liquid H2 and liquid D2. This study is of relevance to the
installation of cold sources in reactors. The same models have been used to
show that the present D2O neutron source within the N2/C2 beam tube in NRU is
near optimum size for the production of thermal compared to fast neutrons
(7.3, 7.5).

Similar studies have investigated the increased neutron flux by filling
collimator plugs and in-core tubes with argon gas. Significant (over 25%)
increase in flux can be achieved for the longer wave lengths as long as the
aluminum windows of the argon containers are thin enough (7.4).

Modelling has begun on an initial study to interpret the data from small
angle neutron scattering showing the effects of electrically damaged
polyethylene as found in insulation of electrical cables (7.6).

Non-relativistic calculations of the meson exchange corrections to the
deuteron magnetic form factor are being taken to higher order to illuminate
features of a diffraction minimum and the effects of relativity (7.8).

The formalism is being worked out for the non-relativistic reduction of
radiative-correction Feynmann graphs needed to get greater accuracy in the
determination of weak decays in nuclei. These calculations will ultimately
lead to greater precision in the resulting determination of the VU(j matrix
elements connecting the up/down quark transition of the standard electroweak
model (7.9).

Significant progress is being made in the mathematics of quantum groups that
are now recognized to be the underlying structure in low-dimens:.onal physics
including fractional statistics, statistical and vertex models, and quantum
field theories in two and three dimensions. These have relevance in particle
physics, gravitational physics and condensed matter physics. Quantum groups
are also closely associated with mathematical theories of braids, knots and
links and physical insight is being gained by exploiting the corresponding
mathematical analogues. In particular a new type of quantum group (a
"twisted" quantum group) that is a two-parameter generalization of the Lie
groups that are familiar in conventional quantum physics, has been
discovered. A very successful Summer School was organized in Banff, Alberta
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on this topic with a collaborator from the University of Winnipeg. All
aspects of possible applications were discussed from black holes, quantum
gravity, fractional statistics, to high temperature superconductivity.
Funding support was given by the North Atlantic Treaty Organization, National
Sciences and Engineering Research Council, TRIUMF, the Institute of Particle
Physics and AECL Research Company (7.10, 7.11, 7.12, 7.13).

A new method is being developed to derive the quantum R-matrices, with non-
zero spectral parameters, from the representations of the braid groups. This
process is known as Baxterization. The R-matrices can be associated with the
Boltzman weights of exactly solvable statistical model in two dimensions.
The theory behind why the new method seems to produce relevant R-matrices has
yet to be discovered. New two-parameter braid group representations have
been found, it is thought for the first time, and the corresponding
Baxterization determined (7.14, 7.15).

New analytic forms have been developed for the matrix elements of the
transfer matrix for electric and magnetic field distributions in an
accelerator (7.16).

5.3 Condensed Matter Physics - Research

A new set of measurements, with higher statistical accuracy, of phonons in
CU3AU near the discontinuous order-disorder transition has revealed a more
complex behaviour of the optic phonons over a wider temperature range than
that suggested by older measurements. Additional measurements on a zone-
boundary position in the ordered phase show clearly that a two-peaked
structure is still present at or slightly above the critical temperature.
The experiments were done in collaboration with McMaster and Laurentian
Universities (6.4).

A study has been made of the effect of uniaxial stress and temperature on
phonon excitations and elastic satellite reflections in the shape memory
alloy Nig 625^0 375 in collaboration with Brookhaven National Laboratories
at NRU. It was found that qualitatively an applied stress has similar
effects to lowering the temperature (near room temperature), it is assumed
because both effects move one closer to the martensitic phase transition.
The temperature of the martensitic phase transition is seen to increase with
increasing stress (6.5).

In another collaborative neutron diffraction experiment at NRU with
Brookhaven National Laboratory, investigation was made of the magnetic states
of UM2Si2 with M = Au, Cu or Ni. In UAu2Si2» two unexpected structural phase
transitions were suggested at T = 70 K and <25 K accompanied by a significant
increase in magnetic susceptibility with a possible ferromagnetic ordering.
Ferromagnetic ordering was also found, in UNi2Si2» to coexist with the
previously observed antiferromagnetic order. The current experiments failed
to confirm the existence of antiferromagnetic order in UCU2S12 (6.6).
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A collaboration with McMaster University investigated by powder diffraction
measurements, the magnetic ordering in the two crystals NiSb2Og and CoTa20o,
both of which are expected to have the trirutile structure. Complete powder
diffraction profiles were measured at two low temperatures and the trirutile
structure confirmed. Antiferromagnetic ordering is seen to occur at 5 K but
not at 11 K in NiSb20o. Analysis is still continuing for CoTa20g (6.7).

Powder neutron diffraction measurements at NRU have been made on ^ ^ ^
to investigate the existence of a phase transition suggested in the
literature by recent NQR results. In this Toronto collaboration, the phase
transition was confirmed and identified with the lowering in symmetry from
high temperature cubic space group 0 n to the low temperature trigonal space
group C 2

3 i (6.8).

The nature of the three crystal structures of solid deuterium bromide,
arising with temperature changes, has been determined at NRU using the
neutron powder diffraction profile structure refinement technique in a
collaboration with Waterloo University (6.9).

Powder diffraction measurements, with Queen's collaborators at NRU, have been
done to test a recent theory of the properties of ammonium perrhenate wherein
the ND ^ ion assumes a different preferred orientation at low temperatures to
that at higher temperatures. Despite some undiagnosed difficulty with the
analysis, a picture of thermal expansion was obtained. Below 80 K "normal"
expansion occurred in both the a- and c- directions but above this
temperature there is expansion in c but anomalous contraction in a (6.10).

Neutron diffraction measurements were done to investigate the temperature
dependence of defect concentrations in TiO^ iQ8* The Ti occupation factor
was found to be independent of temperature from 20°C to 1000°C and consistent
with a very small anti-structure atom concentration on the Ti sublattice.
The measurements show that either v-.cancy concentration does not change over
this temperature range or nearly the same amount of vacancies must appear in
both the oxygen and titanium sublattices (6.11).

A recently developed theory of vacancy formation in CsCl-type ordered bec
alloys has been applied to NiGa and NiAl. Both the composition and
temperature dependence of vacancy concentration found in previous experiments
in the literature, have been confirmed for NiAl by the theory for the first
time. Similar calculations for NiGa agree with one set of experiments but
disagree with two others which also do not agree with each other (6.1 ' ">.

Elastic magnetic neutron scattering measurements in a collaboration with
McMaster were carried out on CsCoB^, an Ising antiferromagnet on a stacked
triangular lathice, to determine the critical behaviour of the order
parameter in the vicinity of the paramagnetic to high temperature ordered
state, and the magnetic phase diagram of the material. Measurement of the
value )f the critical exponent is in agreement with that expected
theoretically. However, the non-variation of the transition temperature with
changes in applied magnetic fields is contrary to theoretical expectations
(6.15).
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An inelastic neutron scattering experiment, with spin polarization analysis,
has been performed on a single crystal of Thulium at 3.3 K in a collaboration
with Oak Ridge National Laboratory. Two excitations were identified, at
3.3 meV and 8.4 meV, the lower of which is predominantly a non-spin-flip
channel and the other a spin-flip channel, in agreement with that expected
from magnetovibrational scattering (6.16).

Three magnetic phases in the heavy electron system UNi2Si2 have been revealed
with first order phase transitions at 104 K and ~50 K in new experiments with
collaborators from Brookhaven and McMaster (6.17).

Inelastic neutron scattering on the high temperature (Tc = 50 K) super-
conductor YBa2Cu2O^^_x have revealed highly damped spin waves and a very short
spin-spin correlation length. This was a collaboration with Brookhaven,
McMaster and Okazaki (Japan) (6.18).

A new method has been developed using small angle neutron scattering to
assess dimerization of protein molecules in solution. In a test on data from
cobra toxins it was possible to rule out the possibility of 10% dimerization
at the 70% confidence level. Furthermore the new method was able to provide
an interpretation of some spurious results from the older gel filtration
technique (6.20).

5.A Condensed Matter Physics - Instrumentation and Facilities

Calculations continue on the optimum size and geometry for cold neutron
sources containing liquid H-; or D2. Because of the relevance to future MAPLE
reactors this work is now funded in part by the Small Reactor Technology Unit
at WNRE (6.2).

A Project Definition Document is now being prepared for the installation of a
cold source in the C2-N2-T3 T-tubes in NRU after the calandria vessel has
been replaced. A review has been made with Mechanical Design Branch, Project
Management Branch and NRU Operations of the most cost effective way of
enlarging the T3 hole through the graphite thermal column and the "block
removal" option has been selected (6.2).

Work has begun on the assembly of DUALSPEC at the C2 and CJ beam holes in
NRU. Components are now in various advanced stages of design, documentation
and manufacture. The University of Guelph spectrometer at the D3 beam hole
has been removed to allow for space of the DUALSPEC dance floor (6.3, 6.24,
6.31).

A 13-wire neutron detector is now being used for experiments and, after four
months, no change in characteristics in its performance has been observed. A
second detector is in the final stages of manufacture. A preliminary design
has been started on a 150-wire neutron detector. Research continues on the
optimum wire spacing and varying thickness, and read out hardware for such
detectors (6.30, 6.32).
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The increased vertical angle subtended by the single detector in the
30-element array at the E3 spectrometer has doubled the speed of texture
measurements. A software upgrade for the control program now allows for a
series of samples to be examined on a one-per-day basis including sample
change and alignment, data taking, analysis and graphical output (6.14).

The small angle neutron scattering facility at the T3 face of the NRU reactor
has been improved by the installation of a pyrolytic graphite monochromator
to yield neutron wavelengths of 1.4 A with an intensity increase of a factor
of 60 over the previous mica monochromator. The spectrometer is now suitable
for measurements on model membrane systems. Installation of electronics from
the decommissioned C4 spectrometer now allow control of sample positions and
temperatures through existing NSSP equipment and software. Tests have
confirmed that an argon-filled or vacuum flight path is an essential feature
for future SANS spectrometers (6.21).

Several changes have been made to upgrade the spectrometer control system
including: the conversion of the control program from FORTRAN IV to FORTRAN
77, a change that will facilitate its running on the MicroVax for DUALSPEC; a
system to run programs on the MicroVax computer from the spectrometer control
satellites; and accompanying programs on the E3 spectrometer satellite to
make use of this latter feature (6.22).

Several single crystal slabs were hot-pressed, using the facilities at
Energy, Mines and Resources in Ottawa, in preparation for production of
curved silicon monochromators (6.23).

Six Ge detectors and twelve phoswich detectors have been repaired for Nuclear
Physics, Fuel Engineering and System Chemistry and Corrosion Branches (6.33,
6.34).

Glassblowing work has been completed for Chemical Operations, Dosimetric
Research, Chemical Engineering, Fuel Materials, System Chemistry and
Corrosion, General Chemistry, Neutron and Solid State Physics, Physical
Chemistry, Environmental Research, Fuel Engineering.

5.5 Industrial Applications and Techniques

Neutron diffraction measurements have been performed on several samples of
Zr-2.5% Nb cut from as-extruded CANDU reactor pressure tubes and annealed for
different durations. These same samples had previously been tested for their
superconducting properties. It is reasoned that an apparent disagreement
between the amount of p-phase Nb present with annealing time between the two
types of measurements is actually a demonstration of the known inhomogeneous
distribution of Nb in the p-phase (6.13).
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The CODF (Crystallite Orientational Distribution Function) series expansion
coefficients for rolled sheets of the hep materials zirconium and titanium
derived from neutron scattering measurements are now considered benchmarks
against which those determined with an ultrasonic probe are to be evaluated
(6.14).

Measurements of the texture in steel plate rolled at different temperatures
will form part of a McGill student's presentation at the 2nd Annual Canadian
Materials Science Conference, Kingston, June 19-23 (6.14).

Crystallographic texture was measured in samples of deuterated polyethylene
as part of a small angle scattering project for Quebec Hydro. Texture
variations were identified with uniaxial pressing of relatively small numbers
of pellets cut from extruded rod stock (6.14).

Residual stress measurements of welded components reveal variations in Bragg
peak intensities on passing from the fusion zone through the heat-affected
zone (HAZ) to the base plate region in a butt-weld in Zr-2.5%Nb plate.
Regions of enhanced likelihood for delayed hydride cracking have been
identified from the variation of orientation of crystallites. This novel
work will be presented at the International Conference on Texture of
Materials, Avignon, France, 1990 September (6.14).

5.6 Neutrino Physics - The Sudbury Neutrino Observatory

Material for the technical, cost, schedule and management review of the SNO
(Sudbury Neutrino Observatory) project was prepared and presented to a joint
US DOE/NSERC committee in collaboration with the SNO team as well as Design
Engineering and Project Management at CRNL.

Both the mass spectrometry technique and that from neutron activation
continue to be developed for a reliable measurement of the levels of ^-^Th

O O Q x

and ^JOU in acrylic samples. The mass spectrometry procedure at CRNL and NRC
has now the sensitivity and accuracy required. The accuracy of the neutron
activation method has been significantly improved but still tends to yield
results suggesting higher concentrations than the mass spectrometry
technique. Both methods suggest that the distribution of "^^Th and "°U in
acrylic may be heterogeneous and on average much higher than that assumed by
the SNO collaboration in their background calculations (6.27, 6.29).

Calculations on the external source background have been performed for the
new but larger (22-meter compared to 20-meter) SNO detector cavity. Results
from such calculations are needed to determine the amount, type and
positioning of shielding (6.30).

Full funding has now been approved from Canadian, US and UK sources (6.26).
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5.7 Radionuclide Metrology

Seven standard sources or solutions were issued to Nuclear Physics, Radiation
and Industrial Safety, Dosimetric Research Branches and Queen's University.
Improvements have been made to the computer control for the production
facility (6.36, 6.37).

Improved measurement of weak decays in Xe samples relative to a stronger
decay have been done to improve the assay of "*Xe samples (6.38).

5.8 Cold Neutron Source for the NRU Reactor

M. Harvey, with E.C. Svensson and W.J.L. Buyers (NSSP Branch),
V.F. Sears (Theoretical Physics Branch), P.M. Brewster and G.C. Campbell
(Reactor Physics Branch), W. Mellors (Mechanical Equipment Development
Branch) and S. Gowans and A.L. Howie (Mechanical Design Branch)

See PR-PHS-P-8: 6.2; AECL-10102.

5.9 Publications and Lectures, Seminars and Panel Discussions (M. Harvey)

Publications

Special Symposium: 50 Years of Nuclear Fission; M. Harvey, Editor
Proceedings (Vol. 1) of Annual Meeting of the CNA and CNS, 1989 June 5
CNA Publication 1989 October

Lectures, Seminars and Panel Discussions
M. Harvey

Sea Quark Effects in Non-Topological Chiral Soliton Models
Invited talk
International Conference on Few Body Physics, Vancouver, 1989 July 3-8

Panels and Lectures to students
1989 July 19, August 15, September 28

Random Thoughts of a Theoretical Physicist
After dinner talk, Course on Tritium Technology, Pembroke, 1989 September 27

Panel on Nuclear Technology: Radiation Protection Course, Pembroke
1989 October 17

The Fundamental Structure of Matter
Invited talk, Science Educators Conference, Ottawa
1989 October 18-20

The Structure Function and Uses of the Neutron
Invited talk, McMaster University, Hamilton
1989 November 22
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6.1 Staff

Professional Staff

W.J.L. Buyers
E.D. Earle
T.M. Holden
S.M. Kim
M.A. Lone
C.P. Martel
D.R. Noakes1

B.M. Powell
J.H. Root
E.C. Svensson

J.G.V. Taylor
Z. Tun

BRANCH HEAD: W.J.L. Buyers

Technical Staff

J.J.-P. Bolduc
R.J.E. Deal
D.A. Doering
R.H. Martin
L.E. McEwan
M.M. Montaigne
P.A. Moss
H.F. Nieman
M.M. Potter
G.A. Sims
H.C. Spenceley
G.A. Tapp2

D.C. Tennant

departed 1989 July 1 to Dept. of Physics, University of Alberta,
transferred to Nuclear Physics Branch 1989 December 11.

Secretarial Staff

A.M. VanDine

Attached Canadian University Personnel

J.M. Abu-Dayyeh
R.L. Armstrong
R.J.C. Brown
F. Chen
E.T.H. Clifford
M.F. Collins
R.L. Donaberger
P.A. Dufort
P.A. Egelstaff
A.M. Farcas
E. Fawcett
B.D. Gaulin
J.T. Graham
E.D. Hallman
A. Harrison
K.M. Hughes
A. Ikram
D.E. Kroeze
H.V. Lee
H. Lin
T.E. Mason

Graduate Student
Professor
Professor
Research Associate
Research Associate
Professor
NSERC Technologist
Graduate student
Professor
Graduate student
Professor
Professor
Graduate Student
Professor
Professor
Research Associate
Graduate Student
Summer Student
Research Associate
Graduate Student
Graduate Student

McMaster
Toronto
Queen's
McMaster
Queen's
McMaster
McMaster
Toronto
Guelph
McMaster
Toronto
McMaster
Queen's
Laurentian
McMaster
Toronto
Waterloo
Wilfried Laurier
Queen's
McMaster
McMaster
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A.B. McDonald
J.H. Page
M. Plumer
D. Prystupa
S. Su
C. Szornel
D.R. Taylor
D.A. Tindall
B.H. Torrie
P. Unrau
J.P.A. Youden

Professor
Professor
Professor
Graduate Student
Research Associate
Research Associate
Professor
Professor
Professor
Science Academy Student
Graduate Student

Queen's
Manitoba
University of Sherbrooke
Waterloo
Toronto
Guelph
Queen's
Dalhousie
Waterloo
McMaster
Guelph

Attached Staff and Visiting Collaborators

H. Chou
M. Dove
J. Fernandez-Baca
D.D. Klug
D. Leggett
R.M. Nicklow
L. Rebelsky
D.W. Schaefer
S.M. Shapiro
G. Shirane
C. Smallman
R.A. Steeman
J.M. Tranquada
J.S. Tse
E. Whalley

Brookhaven National Laboratory
Cambridge University
Oak Ridge National Laboratory
National Research Council
Pratt & Whitney, Canada
Oak Ridge National Laboratory
Brookhaven National Laboratory
Sandia National Laboratories
Brookhaven National Laboratory
Brookhaven National Laboratory
Nova Scotia Institute of Technology
ECN, Pet ten
Brookhaven National Laboratory
National Research Council
National Research Council
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6.2 Cold Neutron Source for the NRU Reactor

E.C. Svensson and W.J.L. Buyers with M. Harvey (Physics Division
Office), V.F. Sears (Theoretical Physics Branch), P.M. Brevster and G.C.
Campbell (Reactor Physics Branch), W, Mellors (Mechanical Equipment
Development Branch) and S.Gowans and A.L. Howie (Mechanical Design
Branch)

Work, is proceeding with the quantitative evaluation of the neutronics
performance of selected cold neutron source concepts using the MCNP (Monte
Carlo Neutron Photon) code (see PR-PHS-P-6: 7.2; AECL-9859 and PR-PHS-P-7:
6.3; AECL-9995). Detailed geometrical descriptions of three chamber concepts
have been completed, the NRU reactor has been modelled and, following the
receipt from Los Alamos National Laboratory in December of the scattering
kernels for liquid H2 and D2 needed for the low neutron energy calculations
for the cold source, calculations of the enhancement (relative to a room
temperature D20 source) of the cold neutron flux in the beam tubes are in
progress. Preliminary results for thin (~ 4 cm thick) liquid H2 cold sources
indicate that a reentrant geometry (cross-arch) gives about 30% higher cold
neutron flux in the beam tubes than a simple slab geometry. The dependence of
the cold neutron flux on source thickness and on the ortho-to-para ratio is
now being evaluated.

Because of their relevance for cold sources to be incorporated in future MAPLE
reactors, especially the Advanced MAPLE being proposed as a possible
replacement for NRU, the MCNP computations for the NRU cold source are now
being funded (for at least a 4 month period) by the Small Reactor Technology
Unit of WNRE. P.M. Brewster met with members of SRTU and System Analysis
Branch, WNRE at WNRE 1989 November 30 - December 1 to discuss the program of
computations. It was decided that, in the short term, P.M. Brewster would
continue alone on the neutronics calculations with SAB personnel providing
consulting assistance and peer review. SAB personnel may become directly
involved at a later stage, particularly when calculations of the nuclear
heating are commenced. It was agreed at the meeting that the latter
calculations, which largely address engineering design and reactor operation
issues, should wait until the basic design of the cold source has been chosen.

Several meetings were held with members of Mechanical Design Branch, Project
Management Branch and NRU Operations to discuss various options for the
enlargement of the T3 hole through the thermal column graphite that is
necessary for installation of the cold source and also to gain access for
repair if the T3 tube in the NRU 3rd vessel should ever leak. It is necessary
to establish the feasibility of this enlargement before the order for the 3rd
vessel is placed. Originally it was intended to bore the existing hole to a
larger diameter. This would be a rather complex operation requiring extensive
tool development and it was felt that there were sufficient uncertainties
that, on the short term, full scale mock-up tests would be necessary to
establish feasibility. It was estimated that $ 0.75M would have to be spent
by about 1Q (1990-91). Alternative methods were considered and it was decided
that the most practical and economic method is to enlarge the hole by
completely removing the sets of 4 graphite blocks that meet on the T3 axis in
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each of the HG5, HG4 and HG3 sections of the thermal column and then boring
the HG2 section using, as much as possible, tooling developed for an earlier
enlargement of the hole through this section. The design work and tooling
development needed to execute this option are now in progress. It is felt
that the feasibility of achieving the necessary enlargement by this procedure
is sufficiently certain that extensive mock-up tests are not needed in the
short term, though a test on a mock-up of the HG2 section will be needed prior
to, but as close as practicable to, the actual boring of this section. The
short term cost for this new option is estimated to be less than l/5th that of
the complete boring option. This "block-removal" option will also give more
space for the installation of the cold source and its associated equipment and
radiation shielding as well as for the extraction of a beam of cold neutrons
through T3.

A Project Manager (N.D. MacDonald) and Project Control Coordinator (H. Graper)
have been assigned to the Cold Neutron Source project and the Project
Definition Document is now being prepared.

6.3 Progress on DUALSPEC

B.M. Powell, W.J.L. Buyers, M.M. Potter, H.F. Nieman and M.M. Montaigne
with W.A. Mellors and P.G. Adams (Mechanical Equipment Development
Branch), J. Fox (Mechanical Design Branch) and R. Birney, P. Lemay and
J. Ormstrup (Civil and Electrical Design Branch)

Assembly of DUALSPEC has begun. The rotating collimator/gate assemblies
together with their motor drives and positioning devices have been installed
in both the C2 and C5 beam holes. The two stretched-steel, Soller slit
collimators have been installed in the lower (C5) collimator/gate assembly and
the equivalent collimators for the upper (C2) assembly are being fabricated.
The University of Guelph spectrometer at the D3 beam hole (adjacent to C5) has
been removed to allow preparation of the floor of the reactor hall prior to
pouring the DUALSPEC dance floor. The floor of the reactor hall immediately
before the C2 and C5 beam holes has been prepared for the foundation of the
DUALSPEC baseplate. Fabrication of the components of the monochromator
shielding drums and their yokes is complete. Following a successful test
assembly of the shielding structure at the fabricators, the components have
been shipped to Chalk River. They are being lined with lead shielding and
filled with the wax and boron carbide neutron shielding mixture. The
analyzer/detector assembly for the polarized beam triple-axis spectrometer is
now being fabricated.

The design and documentation of the collimator/gate control is complete and
the prototype unit has been commissioned. This prototype will be completed
and serve as the collimator/gate control for one of the spectrometers and an
additional unit will be constructed. The wedge control hardware design is
complete and the documentation is well advanced. The program for the unit is
being developed. The motor control hardware design is completed. The printed
circuit board layout is scheduled to be completed by the third week of January
and final testing of the unit will commence mid-February.
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6.4 Thermal Evolution of Phonons Near the Order-Disorder Transition in Cu,, Au

E.C. Svensson with B.D. Gaulin (McMaster University) and E.D. Hallman
(Laurentian University)

Two new sets of measurements of phonons in Cu3Au near the discontinuous order-
disorder transition (which occurs at Tc = 657 + 3 K for our sample) have been
carried out to further investigate the interesting effects discovered in our
earlier study (PR-PHS-P-5: 7.5; AECL-9758 and PR-PHS-P-6 :7.5; AECL-9859).
The earlier measurements had shown that the evolution of the optic phonons at
(2, 2, 1), the ordered-state zone centre (i.e., the ordering wave vector), to
the disordered-state form preceded the discontinuous drop of the order
parameter at Tc by some 25 ± 10 K. This behaviour was interpreted as the
manifestation of an expected lower spinodal transition accompanying the first-
order phase transition.

In new measurements at (2, 2, 1), we have obtained data of higher statistical
accuracy at eight temperatures below Tc and two above. These new measurements
have revealed that the evolution of the optic phonons at the zone centre to
the disordered-state form is considerably more complex, and occurs over a more
extended temperature region, than was suggested by the earlier measurements.
We now see that the lower-energy optic mode decreases by more than a factor of
two in intensity on warming from 602 K (Tc - 55 K) to 622 K (Tc - 35 K). On
further warming, the higher-energy mode softens and the scattering grows at
energies between the two modes. As before, the evolution of the phonon
response to the form assumed at the phase transition is largely complete by
645 K (Tc - 22 K). Interestingly, measurements at 700 K (Tc + 43 K), i.e.
well above the phase transition, show the disordered-state phonon response
becoming sharper. This probably indicates the influence of an upper spinodal
point which marks the final temperature scale for the disordering process
accompanying a discontinuous phase transition.

In the second new study, we focussed our attention primarily on (2, 2, -0.5)
which is a zone-boundary position in the ordered phase. Here one observes a
lower-frequency transverse acoustic mode and a higher-frequency transverse
optic mode. The results obtained improve the picture inferred from our
earlier study (PR-PHS-P-6: 7.5; AECL-9859). In particular, and in contrast to
the results for the zone centre, they show clearly that, at the zone boundary
position, a two-peaked structure is still present at or slightly above Tc.

6.5 Effect of Uniaxial Stress on Phonons and Elastic Satellites in

Hio.625AI0.375

E.C. Svensson with S.M. Shapiro (Brookhaven National Laboratory).

A study of the effect of uniaxial stress on phonon excitations and elastic
satellite reflections in the shape memory alloy Ni0 6 2 5Al 0 3 7 5 was carried out
using the N5 spectrometer with Si(111) and pyrolytic graphite (002) planes as
monochromator and analyzer, respectively. The single crystal sample was
approximately a cube 0.5 cm on a side with the cube faces being {001} planes.
The stress was applied along [100] which was perpendicular to the scattering
plane of the spectrometer. Measurements were carried out at 296 K for
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stresses, S, of 0, 20, 40 and 60 (arbitrary units) and also at 125, 150, 175
and 200 K for S = 40. [The sample was mounted on a pedestal inside a
rectangular frame and the stress values are actually the torques (in in»lbs)
applied to a screw which passes through the top of the frame and presses, via
a ball coupling, on the crystal.] The study concentrated primarily on the
fffOJTj phonon branch, especially on the region, centred at f = 0.17, of a
strongly temperature and composition dependent anomaly in this branch which is
believed to be a precursor of the martensitic phase transition (see S.M.
Shapiro et al., Phys. Rev. Lett. 57 (1986) 3199 and 62 (1989) 1298 and also
PR-PHS-P-7: 6.10; AECL-9995). The closely related elastic satellite
reflections which occur along [ffO] directions "underneath" the phonon anomaly
were also studied near the (110), (220) and (200) reciprocal lattice points.
Selected measurements of [fOOJT phonons were also carried out.

The frequencies of the [f^O]^ phonons were found to decrease with increasing
stress at 296 K, with the most dramatic changes occurring in the anomalous
region. At f = 0.18, for example, the frequencies v for stresses of 0, 20, 40
and 60 were, respectively, 0.65, 0.58, 0.52 and 0.46 THz. By S = 60, the
dispersion curve had been depressed sufficiently in the anomalous region that
it was essentially flat (at v = 0.43 THz) over the f range 0.12 - 0.16. As S
was increased from 0 to 60 at 296 K, the satellite intensities increased by
more than a factor of 3 and the satellite wave vector, fs, increased from 0.14
to 0.16. Applying stress thus has qualitatively the same effect as lowering
the temperature, undoubtedly because both move one closer to the martensitic
phase transition which, under zero stress, occurs at T = 80 K for

N^O . 6 25AI0 .3 75"

When the sample, at initial stress S = 40, was cooled, the [ffO]T: phonons in
the anomalous region softened dramatically. At 200 K, the branch exhibits a
maximum centred at f = 0.11 (v = 0.36 THz) followed by a sharp minimum centred
at f = 0.17 (v = 0.24 THz) before rising to v = 2.2 THz at the zone boundary
(f = 0.5). The phonon frequency at the centre of the anomalous region thus
decreases by more than 50% between 296 K and 200 K. Accompanying this
decrease is an increase of more than a factor of 5 in the satellite intensity
and an increase from 0.15 to 0.17 in fs.

As the temperature is lowered further, the phonon frequencies continue to
decrease but, since the phonon intensities are also decreasing because of
thermal population while the "underlying" elastic satellite reflections are
growing rapidly in intensity, it soon became impossible, even under the high
resolution conditions of our experiment, to determine the phonon frequencies
in the region of the minimum. Between 200 K and 175 K, the satellite
intensities increase by a factor of 2.5. Between 175 K and 150 K they
increase by more than a factor of 10, followed by only a 10% increase between
150 K and 125 K. This indicates that, at our nominal stress value of 40
(which may have increased somewhat as the frame contracted on cooling) the
martensitic phase transition occurs in the range 150 - 175 K, i.e. at roughly
twice the temperature for zero stress.
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6.6 Neutron Diffraction Study of the Magnetic and Structural Properties of
UM?Si7 (M = Au.Cu.Ni)

B.M. Powell with L. Rebelsky (Brookhaven National Laboratory).

The ternary compounds R2M2X2 where R is a rare earth or actinide, M a
transition metal and X is silicon or germanium exhibit, a rich variety of
properties -- several types of magnetic order, Kondo spin fluctuations,
valence fluctuations, superconductivity and Pauli paramagnetism are shown by
various members of the series. Measurements of magnetization, electrical
resistivity and susceptibility have been made for several of the compounds in
an effort to understand the nature of their magnetically ordered states.

To investigate the magnetic states further we have made neutron diffraction
measurements on three members of the series, those with M = Au, Cu and Ni.
The samples were all polycrystalline in nature, and were prepared in an arc
furnace under an argon atmosphere. The measurements were made on the E3
spectrometer with the 30-element multidetector array. The monochromator was
Si (115) and the neutron wavelength was 1.5 A.

For UAu2Si2 magnetization and electrical resistivity data (T.T.M. Paalstra,
A.A. Menovsky, G.J. Nieuwenhuys and J.A. Mydosh, J. Magn. Mag. Mater. 54-57
(1986) 435) suggest the existence of a spiral magnetic ordering below 80 K
with ferromagnetic order below 18 K. Susceptibility measurements are
consistent with this interpretation. However, the neutron diffraction data
did not show any superlattice magnetic peaks associated with spiral ordering
at any temperature down to 11 K. Instead, the temperature dependence observed
for several nuclear Bragg peaks suggests the existence of a structural phase
transition at - 70 K with a second one at T < 25 K. Although the nature of
these transitions is unclear, they are accompanied by a significant increase
in magnetic susceptibility with a possible ferromagnetic ordering. Further
measurements to elucidate these structural transitions are planned.

Ferromagnetic order is known to exist in UNi2Si2 while an antiferromagnetic
transition is observed by susceptibility measurements (M.W. McElfresh, L.
Rebelsky, M.S. Torikacvili, H. Borges, K. Reilly, S. Horn and M.B. Maple, J.
Appl. Phys. (1990) to be published). Previous neutron diffraction
measurements (L. Chelmicki, J. Leciejewicz and A. Zygmunt, J. Phys. Chem.
Solids 46 (1985) 529) have observed only the antiferromagnetic state. Our
data confirm the existence of the antiferromagnetic ordering, but we have
observed the coexistence of this order with ferromagnetic order. More
detailed measurements are planned with a single crystal sample.

UCu2Si2 is known to undergo a ferromagnetic transition at - 101 K, while
susceptibility data also observe an antiferromagnetic transition at ~ 105 K.
The present neutron diffraction data did not observe this antiferromagnetic
transition. Possible reasons might be a very small antiferromagnetic moment
or the close proximity of the two transitions. Further measurements are
planned with a single crystal specimen.
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6.7 Magnetic Ordering in NiSb2O6, CoTa2Q6

B.M. Powell with J.E. Greedan and J.N. Reimers (McMaster University)

The magnetic ordering in two crystals with the trirutile structure, NiSb2O6
and CoTa206, was investigated by powder diffraction measurements. The data
were collected on the E3 spectrometer with the 30-element multidetector array.
The neutron wavelength was 2.37 A and a graphite filter was inserted in the
incident beam.

For NiSb2O6, complete powder diffraction profiles were measured at 5 K and 11
K. The data at 11 K showed nuclear peaks consistent with the trirutile
structure with some weak peaks from NiO impurity. At 5 K, the four magnetic
reflections observed are consistent with antiferromagnetic ordering with a
propagation vector, q = (1/2, 0, 1/2). Such ordering has been observed
previously in CoSb206 and FeTa206.

For CoTa206 complete powder diffraction profiles were measured at 5 K and 15
K. At 15 K the crystal structure was refined by Rietveld analysis and the
trirutile structure was confirmed. The final weighted R-factor was 3.27%.
The magnetic reflections observed at 5 K could be indexed with a propagation
vector q = (1/4, 1/4, 1/4). Several of these magnetic reflections are very
weak, necessitating unusually long counting times. The data then had to be
corrected for the relative efficiencies of the 30 detectors. Rietveld
refinement of the data is in progress.

6.8 Structural Phase Transition in the Antifluorite Crystal (NH,,

B.M. Powell with R.L. Armstrong and P.A. Dufort (University of Toronto).

The antifluorite crystal (NH4)2TeCl6 has a cubic structure at room
temperature. Recent nuclear quadrupole resonance (NQR) results (C.
Dimitropoulos and J. Pelzl, Z. Naturforsch. 444 (1989) 109; V. Kawald, S.
Miiller and J. Pelzl, Solid State Commun. 67 (1988) 239) show that the single
line NQR spectrum exhibits a cusp at Tc = 85 K indicating the existence of a
phase transition. Further, the transition must be one that leaves the
chlorine atoms in physically equivalent sites. The nature of this structural
phase transition has been investigated by powder neutron diffraction
measurements.

The measurements were made on the E3 spectrometer with the 30-element
multidetector array at the NRU reactor. The monochromator was Si(115) and the
neutron wavelength was 1.49 A. Data was taken over a range of scattering
angles from 5° to 120° in steps of 0.05° at temperatures of 100 K, 88 K, 80 K,
70 K, 50 K, 40 K, 30 K, 20 K and 12 K. The data was interpreted by Rietveld
analysis with a modified version of the analysis code EDINP, written by Sutton
(M. Sutton, R.L. Armstrong, B.M. Powell and W.J.L. Buyers, Can. J. Phys. 59
(1981) 449). Each set of powder diffraction data was fitted to five separate
space groups, 0 5

h, C
2
3 i, C

5
4 h, C

3
2 h, C

1
i. From the quality of fit values

obtained by the fitting procedure it was concluded that the structural
transition corresponds to a lowering in symmetry from the high temperature,
cubic space group 05

h to the low temperature, trigonal space group C2
3i. The
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order parameter for the transition is the rotation angle, <f>t of the rigid
TeCl6 octahedron about the trigonal axis of the cubic unit cell. This
parameter saturates with a value of <f> = 4.2° at T = 30 K. The behaviour is
similar to that found previously (R.L. Armstrong, B. Lo and B.M. Powell, Can.
J. Phys. (1990) to be published) for another antifluorite crystal (NH4)2PbCl6.

6.9 Crystal Structures of Solid Deuterium Bromide

B.M. Powell with A. Ikram and B.H. Torrie (University of Waterloo)

Solid deuterium bromide is a simple molecular crystal in which the ordering of
the deuteriums is temperature dependent. The solid is known to have three
phases with different crystal structures. These structures have been
accurately determined using the neutron powder diffraction profile structure
refinement technique. The polycrystalline sample was prepared using a
previously developed cryogrinding technique. Diffraction measurements were
made on the E3 spectrometer with the MD30 multidetector at the NRU reactor.
The monochromator was Si(115) and the neutron wavelength was 1.4969 A. Powder
diffraction profiles were measured for temperatures of 12 K, 85 K, 105 K, 115
K, 123 K and 135 K with two runs made at each temperature to check for
consistency and to improve statistics.

Analysis of the profiles was carried out using the program EDINP. Each solid
phase has four molecules per unit cell. Phase I (the high temperature phase,
above 120.3 K) is FCC (space group Fm3) with 12-fold disordered positions for
the deuterons. Phase II has a structure which is centrosymmetric, C-centered
orthorhombic. It has space group Cmca, with 2-fold disordered positions for
the deuteriums. Phase III (the low temperature phase, below 93.5 K) has a
fully ordered structure composed of deuterium bonded zig-zag chains. The
space group (Cmc21) is non-centrosymmetric C-centered orthorhombic.

6.10 Anomalous Thermal Expansion in Ammonium Perrhenate

B.M. Powell and Z. Tun with R.J.C. Brown and A.M.C. Harnden (Queen's
University)

A recent theory of the properties of ammonium perrhenate (D.R. Taylor, Phys.
Rev. B40 (1989) 493) assumes that at low temperatures the ND+

4 ion is
"localized" in one orientation, while at temperatures approaching 200 K a
second orientation becomes populated. To test this assumption powder
diffraction data from ND4Re04 were collected at ~ 20 K intervals from 15 K to
260 K to measure the temperature dependence of the crystal structure. The
measurements were made on the E3 spectrometer with the 30-element detector
array. The neutron wavelength was 1.4969 A.

Data obtained at 100 K previously (R.J.C. Brown, S.L. Segal and G. Dolling,
Acta Cryst. B36 (1980) 2195) were analyzed with the new Rietveld codes and
refined satisfactorily to the same results as before. Complete refinement of
the new data was not successful and the origin of the difficulty is not yet
understood. However, it was possible to derive the lattice parameters for 8
temperatures and thus obtain a picture of thermal expansion at low
temperatures. Expansion is "normal" for both a- and c-directions up to ~ 80
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K. Above this temperature anomalous contraction of a and expansion of c
rapidly sets in. These results extend the range and are of higher precision
than previous data. Further measurements are planned.

6.11 Temperature Dependence of Defect Concentrations in TiO1 10S

S.M. Kim and B.M. Powell

In order to study the temperature dependence of defect concentrations in
titanium monoxide, neutron diffraction measurements have been made on TiC^ 1 0 B

powders at 20°C, 600°C, 800°C and 1000°C as well as on quenched (from 800oC
and 1000°C) specimens. The measurements were made on the C5 spectrometer with
the 30-element detector array. The monochromator was Be(llO) and the neutron
wavelength was 0.89 A.

The occupation factor for Ti atoms relative to oxygen atoms, pTi , has been
determined from the Rietveld analysis of the data. The Ti occupation factor
thus determined was found to be independent of temperature and heat
treatments, and had the value 0.892 + 0.006. This is very close to the value
expected (0.9025) if the oxygen sublattice is full and the non-stoichiometry
occurs by vacancies on the titanium sublattice. It can be shown that if
oxygen anti-site defects are present on the Ti sublattice in Ti0 1 - 1 0 8, its
effect would be to decrease pTi since 0 and Ti have opposite signs of
scattering length. Thus the present neutron measurements are consistent with
a presence of total anti-structure atom concentration of not more than (1.2 +
0.7) at.% at all temperatures up to 1000°C. The powder specimen contained 0.2
at.% of known metallic impurities and less than a total of 0.8 at.£ of TiC and
TiN. It can be shown that these impurities can account for the small (1.2%)
anti-structure atom concentration deduced from the present measurements. Thus
the present results indicate that no appreciable anti-structure atom
concentrations are produced thermally in titanium monoxide up to 1000°C. In
addition the present measurements also indicate that either vacancy
concentration does not increase with temperature, or if it increases, nearly
the same amount of thermal vacancies are created on titanium and oxygen
sublattices.

6.12 Vacancy Properties in Ordered NiGa and NiAl

S.M. Kim

A theory of vacancy formation in CsCl-type ordered bcc alloys, developed
recently (J. Phys. Chem. Solids 49 (1988) 65), has been applied to ordered
NiGa and NiAl. The composition dependence and temperature dependence of
vacancy concentrations in NiGa observed by Wasilewski et al. (J. Appl. Phys.
31 (1968) 4234) could be well described by the present theory. The
experimental results on NiGa by two other groups, on the other hand, do not
agree with each other or with the above measurements, and could not be
accounted for theoretically. Tt has also been found that structural vacancies
will most likely exist in Ga-rich NiGa at 0 K. The observed temperature
dependence of vacancy concentrations in Ni47 5Ga 5 2 - 5 strongly indicate the
presence of structural vacancies, although direct observation of structural
vacancies is not possible since vacancies do not migrate below 400°C.
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The composition dependence of vacancy concentrations in ordered NiAl observed
by Taylor and Doyle (J. Appl. Crys. 5 (1972) 201) could be well described by
the present theory. The temperature dependence of vacancy concentrations
predicted from the present theory is also found to be consistent with all the
previous measurements. We note that because vacancy concentrations in nearly
stoichiometric NiAl are very small, of order 1%, the experimental
uncertainties are large, i.e. the same order of magnitude as the vacancy
concentrations. It has also been found that structural vacancies will most
likely exist in Al-rich NiAl. Although structural vacancies have been
believed to exist in NiAl for over 50 years, no previous theoretical
calculations were able to show the presence of these vacancies.

6.13 Neutron Diffraction and Superconductivity Measurements on Zr-2.5%Nb
Reactor Pressure Tube Materials

Z. Tun and J.H. Root with P. Unrau (Deep River Science Academy).

Neutron diffraction experiments have been performed on five of the seven Zr-
2.5%Nb samples cut from an as-extruded CANDU reactor pressure tube and
annealed at 400°C for different durations. The samples studied were the very
same off-cut pieces labelled Sample I, III, IV, V and VII (annealed
respectively for 0 hr, 0.5 hr, 1.0 hr, 2.0 hr and 24 hr) that were previously
used for superconductivity measurements (PP-PHS-P-7: 6.17; AECL-9995). The
Bragg angle scans were carried out on the E3 spectrometer equipped with 30-
element multi-detector and with neutron wavelength of 1.7631 A while the
sample was rotated (1 rev/min) about the longitudinal direction of the
pressure tube. The dominant peaks in the diffraction patterns are from a-
phase Zr with hexagonal closed packed (hep) structure but a number of weak
peaks from minority 0-phase are also observed. The w-phase, another minority
phase, is seen in the diffraction patterns of Sample IV and those annealed for
longer durations. Vhile the a- and co-phase peaks are sharp, 0-phase peaks are
significantly broader especially for Sample VII. This broadening is
attributed mainly to a wide distribution of Nb concentration in the 0-phase
rather than residual stresses since it is unlikely to have a large strain
field in the £-phase regions but not in the surrounding a- and co-phase
regions.

The variation of the /?-phase lattice parameter a« with duration of annealing
is shown in Fig. 6.13(a) along with superconducting transition temperature Tc
(Fig. 6.13(b)) determined by resistivity measurements. The shaded regions in
(a) represent the width (FWHM) of the 0(200) peak. The Nb concentration of
the /9-phase regions can be read directly from the right-hand-side scale since
the concentration varies linearly with ao. It is interesting to note that
Fig. 6.13(a) and (b) manifest conflicting behaviour of 0-phase with annealing;
since Tc is known to increase with Nb concentration up to ~80£Nb (S.L.
Narasimhan, R. Taggart and D.H. Polonis, J. of Nucl. Materials, 43 (1972) 258-
268) the observed trend in (b) corresponds to a decrease in Nb-concentration
with annealing while panel (a) shows an increase. The apparent disagreement
is caused by the fact that Tc is governed mostly by the minimum in the Nb (0-
phase) concentrations along a superconducting path while neutron diffraction
is sensitive mostly to regions with large volume fraction which are not so low
in Nb content. Fig. 6.13 therefore demonstrates the increase of Nb (/8-phase)
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concentration in certain parts at the expense of concentration in the Nb
phase) depleted regions.
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6.14 Measurements of Crystallographic Texture at E3

J.H. Root, A. Salinas-Rodriguez, T.M. Holden and K. Szornel w~th C.
Coleman and S. Sagat (Metallurgical Engineering), J. Jonas (Department
of Mining and Metallurgy, McGill University), B. Thompson and Yan Li
(Ames Laboratory, Urbana, Illinois) and J.-P. Crine (IREQ, Hydro
Quebec).

The single detector included in the shield of the 30-element array at the E3
spectrometer subtends twice the vertical angle possible in other NSSP
spectrometers and has doubled the speed of texture experiments. Software has
been upgraded to include an Eulerian cradle mode in which the experimenter
specifies only the scattering angles and rotation angles of the cradle base
required for all the pole figures. The control program automatically steps
the sample through a hemisphere of orientations for each pole figure. Thus a
series of samples can be examined on a one per day basis, requiring three to
five hours per pole figure, half an hour for sample change and alignment and
three to five hours for data processing, CODF (Crystallite Orientational
Distribution Function) analysis and graphical output.

We have completed data collection and analysis on four projects. Our
measurements of the CODF series expansion coefficients, W l a n l for rolled
sheets of the hep materials zirconium and titanium are benchmarks against
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which measurements of Wlmn by an ultrasonic probe are to be evaluated. The
comparison will be presented in a paper at the 4th International Symposium on
Non-Destructive Characterization of Materials, June, 1990. Measurements of
the texture in steel plate rolled at different temperatures will form part of
a McGill student's presentation at the 2nd Annual Canadian Materials Science
Conference to be held at RMC, Kingston, 1990 June 19-23. Crystallographic
texture was measured in samples of deuterated polyethylene as part of a small
angle scattering project for Quebec Hydro. The presence of in-plane intensity
variations of the Bragg peaks and the textural differences between the
unmodified and damaged samples were deemed to arise during formation of the
original sheet by uniaxial pressing of relatively small numbers of pellets cut
from extruded rod stock.

Residual stress measurements of welded components reveal variations in Bragg
peak intensities on passing from the fusion zone through the heat-affected
zone (HAZ) to the base plate region in a batt-weld in Zr-2.5£Nb plate. Since
hydrides tend to form in planes close to the basal plane, the likelihood of
delayed hydride cracking is enhanced when a large fraction of crystallites are
oriented with basal plane normals in the plane of plates or tube walls. In
the pole figures shown below such orientations correspond to high intensity
near the perimeter of the circle, as occurs in the base plate and the fusion
zone. This novel work will be presented at the International Conference on
Texture of Materials to be held in Avignon, France, 1990 September.
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6.15 Magnetic Phase Transitions in CsCoBr,

Z. Tun with B.D. Gaulin and A. Farkas (McMaster University)

Elastic magnetic neutron scattering measurements were carried out on CsCoBr3,
which is an Ising antiferromagnet on a stacked triangular lattice. The
purpose of these measurements was to determine the critical behaviour of the
order parameter in the vicinity of the paramagnetic to high temperature
ordered state, as well as to investigate the magnetic phase diagram of the
material. In its high temperature ordered state (12 K < T < 28 K), the spins
within the triangular lattice form a structure in which two of the three spins
on a given triad of nearest-neighbour spins arrange themselves antiparallel to
each other, while the third spin remains paramagnetic. This partially
paramagnetic state has a ground state degeneracy of six and therefore the
phase transition should belong to the universality class of the six state
Potts model, which also contains the 3-dimensional XY model. Our measurements
have determined the critical exponent 0, which describes the rise of the order
parameter near the transition, to be /9 = 0.34 + 0.03, in agreement with the
expected theoretical value of 0.345 + 0.01.

In the presence of magnetic fields up to H = 2.2 T applied along the hexagonal
c direction, no change in the transition temperatures could be detected in
apparent disagreement with the recent theoretical arguments based on Landau
theory. However, the absence of any effect with magnetic field is important
in relation to earlier work examining the magnetic phase diagram of
CsCOi.xMgxCl3 which had shown pronounced random field effects at small values
of the applied field.

6.16 Polarized Neutron Experiment on Thulium

Z. Tun with J.A. Fernandez-Baca and R.M. Nicklow (Oak Ridge National
Laboratory)

An inelastic neutron scattering experiment with spin polarization analysis has
been performed on a single-crystal of Thulium (Tm) in order to check a recent
proposal (J.A. Fernandez-Baca, R.M. Nicklow and J.J. Rhyne, Bull. Am. Phys.
Soc. 34 (1989) 607) that the highest energy excitation (i/ = 8.5 meV) observed
at Q = (1, 1, 0) is a magnetic transition while the two lower energy
excitations (i/ = 3.15 meV and ~ 6 meV) are due to magnetovibrational
scattering from TA phonons originating from (1, 1, 2/7) and (1, 1, 4/7)
satellites. The experiment was performed at 3.3 K where the material was in
the ferrimagnetic-antiphase-domain structure with 4 moments 'up' followed by 3
moments 'down' along the hexagonal c-axis. According to the crystal field
parameters derived by Touborg (P. Touborg, Phys. Rev. B16 (1977) 1201) the
magnetic transitions with appreciable matrix elements are of transverse
character. In our experiment, since the guide field at the sample position
was along the c-axis, magnetic transitions were expected to be detected in the
spin-flip channel (SF) while phonons and magnetovibrational scattering would
appear in the non-spin-flip channel (NSF).

The results of these measurements are shown in Fig. 6.16, where the open and
closed circles denote the observed NSF and SF intensities. Because these
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measurements were performed with relaxed energy resolution in order to obtain
higher intensity, only two excitations (at 3.3 and 8.4 meV) were resolved in
this scan. It is clear that the two excitations observed are of different
character. The lower-energy excitation is predominantly NSF scattering while
the higher-energy excitation is stronger (almost by a factor of 2.5) in the SF
channel. We must remark that the apparent spin-flipping ratios at both
excitation energies are considerably smaller than the ratio observed at (1, 1,
0) and (1, 1, ±2/7) Bragg reflections (NSF/SF ratio = 10 ± 1). This
observation may indicate that these excitations have a mixed (longitudinal and
transverse) character but the more likely cause is the feed-through of
inelastic scattering in one channel into the other channel by a Bragg
scattering process, an effect encountered frequently in a low-resolution
experiment on Tm due to having many strong satellite reflections. We
therefore conclude that the higher-energy excitation is of SF character (at
least predominantly SF) and that the lower-energy excitation is of purely NSF
character as expected from magnetovibrational scattering.
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6.17 Identification of New Magnetic Phases in the Heavy Electron System
UNi2Si2

W.J.L. Buyers with L. Rebelsky (Brookhaven National Laboratory) and H.
Lin and M.F. Collins (McMaster University)

Neutron scattering has revealed three phases instead of the two previously
reported. The magnetic moments are on the uranium atoms which lie on a body
centred tetragonal lattice. In all phases the moments point along the
tetragonal c direction showing a strong Ising anisotropy. Below 123.6 K an
incommensurate structure is formed with wave vector Qo = (1, 0, 1.745)
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decreasing on cooling towards (1, 0, 2/3). This corresponds to a period of
about four lattice constants along c decreasing to three. Before these
moments develop fully a first order transition occurs at 104 K to a simple Qo
= (1, 0, 0) structure corresponding to an alternation of the moment from plane
to plane along c. Below a first order transition at - 50 K the structure
reverts to a (1, 0, 2/3) wave vector, similar to that above 104 K, the main
difference being that a ferromagnetic component is simultaneously present. It
is seen as an addition to the weak nuclear peak. (101). Two crystal field
levels have also been observed.

6.18 Spin Fluctuations in Superconducting YBa2Cu306 5

W.J.L. Buyers with J.M. Tranquada, H. Chou and G. Shirane (Brookhaven
National Laboratory), T.E. Mason (McMaster University) and M. Sato and
S. Shamoto (Institute for Molecular Science, Okazaki, Japan)

Antiferromagnetic spin fluctuations in superconducting YBa2Cu306+x have been
studied using inelastic neutron scattering. In a crystal with x = 0.5 and Tc

= 50 K, we have observed spin fluctuations at 12 K having a cross section
which increases with increasing excitation energy. The data are consistent
with highly overdamped spin waves and a very short spin-spin correlation
length.

6.19 Magnetic Excitations in CePd2Si;

W.J.L. Buyers with R.A. Steeman and E. Frikkee (Netherlands Energy
Research Foundation), T.E. Mason, H. Lin and M.F. Collins (McMaster
University), A.A. Menovsky (Natuurkundig Laboratorium, Universiteit van
Amsterdam and Kamerlingh Onnes Laboratorium, Rijksuniversiteit Leiden)
and G.J. Nieuwenhuys and J.A. Mydosh (Kamerlingh Onnes Laboratorium,
Rijksuniversiteit Leiden).

Inelastic neutron scattering measurements have been made on a single crystal
of CePd2Si2. A broad magnetic contribution was observed near 20 meV at 20 K.
Two different models were used to analyse this response: a single crystal-
field excitation with a slightly Q dependent energy, and two nearly degenerate
crystal-field excitations without dispersion. In both cases the excitations
have an appreciable intrinsic width due to the strong coupling between the 4f
electrons of Ce and the conduction electrons. It is remarkable that, despite
the presence of this strong coupling, the reduction of the Ce moment to 0.66
tip at 4.2 K seems to be solely due to crystal-field effects.

6.20 A New Method of Assessing Dimerization Levels in Protein Solutions by
Small Angle Neutron Scattering (SANS)

P. Martel

In the past it has been customary to assess dimerization of protein molecules
in solution by gel filtration (Karlsson et al., Eur. J. Biochem. 21 (1971) 1).
Often the results can be spurious if the overall shapes of the molecules under
investigation are radically different from those of molecules used for
calibration. For such cases, the following SANS protocol has been developed.



6-19

(1) Model fits assuming a general ellipsoid (or more complicated shape, if
necessary) are made to SANS data obtained at low concentrations. Criteria for
the best fit are that (a) the radius of gyration, Rg, of the model molecule
should equal the value extracted independently from a separate Guinier
analysis of the data and (b) the calculated specific volume based on the model
should agree with the known value for the protein.

(2) Two molecules are then assumed to lie side-by-side in various
configurations and the resultant radius of gyration, Rgr, is calculated by the
parallel axis theorem. Various mixtures of Rgr and Rg are then assumed in a
least squares fitting procedure to the data in the Guinier (small angle)
region. The resulting chi-squares allow a statistical evaluation of dimer
percentage. In a test on data from cobra toxins it was possible to rule out
the possibility of 10% dimerization at the 70Z confidence level. Furthermore
the SANS results permitted an interpretation of some spurious gel filtration
results. The method is fully described in a paper to appear in the journal
Analytical Biochemistry.

6.21 T3 Spectrometer Developments

J.H. Root, P. Martel, S.M. Kim and D.C. Tennant with K. Jeffrey
(University of Guelph) and J.-P. Crine (IREQ, Hydro-Quebec).

The small angle neutron scattering facility at the T3 face of the NRU reactor
is continuing to be improved in a piecewise fashion. A pyrolytic graphite
monochromator yields a neutron wavelength of 1.4 A and an intensity increase
by a factor of 60 over the previous mica monochromator. With the linear
detector located 6 m from the sample position, the practical lower limit of Q
is 0.02 A"1. At 2.5 m the upper limit of Q is 0.18 A"1. The observed
structural phase transition at 41°C in DPPC with deuterated BHT demonstrates
that the spectrometer in its present form is suitable for measurements on
model membrane systems. Changes have also been observed in small angle
scattering between samples of deuterated polyethylene as fabricated and
following exposure to a high electric field. Installation of the electronics
from the decommissioned C4 spectrometer now enables control of sample position
or temperature through existing NSSP equipment and software. An argon-filled
chamber interposed between the sample and beam scraper produced a 40%
reduction in the high-Q background level caused by scattering from air.
Clearly an argon-filled or evacuated flight path must be included in the
design of a future small angle neutron scattering facility.

6.22 Spectrometer Control System

M.M. Potter and R.L. Donaberger with G.H. Keech (Mathematics and
Computation Branch) and T. Romaniszyn (NDT Development Branch)

The following changes have been made to the spectrometer control system:

(1) The spectrometer control program was converted from FORTRAN IV to FORTRAN
77. FORTRAN 77 adds functionality to the program and will make it easier to
translate the program to run on the MicroVAX computer for the DUAL BEAM
spectrometers.
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A technique to run programs on the MicroVAX computer by entering commands at
the spectrometer control satellites has been developed. This technique uses
the dual host capabilities which is a standard feature on many of the newer
computer terminals. This system will make it possible to edit scan data from
the spectrometer satellites and it will provide the capability to do on-line
plotting and data analysis at the satellites. New commands SCANS and TRANS to
run the respective programs on the MicroVAX have been installed and tested at
the E3 spectrometer.

The following new commands have been added to the spectrometer control
program:

NEWS - displays information about new features and problems with the program.

DEBUG - turns on lines of code to make diagnosing problems with the program
quicker.

SHOW DETECTORS - displays the calibrated spacings and efficiencies and other
pertinent information about the multidetector arrays.

(2) A new option has been added to the data translation program TRANS that
will output the data in column format. This makes accessing the data easier
from programs like Lotus. The code to select the output data allows users to
choose the parameter order and individual formats for the data. A menu system
that includes backup features has been added, to make the program more user
friendly.

6.23 Preparation of Silicon Monochromators

H.F. Nieman

Several single crystal slabs were hot-pressed (PR-P-139: 3.13; AECL-8554)
using the facilities at Department of Energy Mines and Resources in Ottawa.
Two of these slabs, 13.7 cm 0D by = 5 cm thick, pressed on the (111) face will
be sliced up into pieces needed in the production of curved silicon
monochromators. As well, three slabs pressed on the (331) face were examined
using the neutron beam at the E-13 facility. The mosaic width (FWHM) varied
between 0.15° and 0.20°.

6.24 D3 Spectrometer

H.F. Nieman

The Guelph University D3 spectrometer was removed from the NRU D-face in
November/December and placed in storage in Buildings 150 and 541. This action
will greatly facilitate the installation of the epoxy dance floor for the Dual
Beam spectrometers C5/C2 to take place in 1990 March.
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6.25 Reactor Beam Hole Use

H.F. Nieman

The total NRU operating time was 141.2 days. The Guelph University
spectrometer located at D3 operated for 50% (PR-PHS-P-8: 6.24; AECL-10102)
of the available reactor operating time. Utilization of the other occupied
beam holes was as follows:

Efficiency (Z of
No. of No. of available reactor
Participating Participating operating time

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

E3 18 9 10 91%
L3 12 8 13 952
N5 11 4 13 98%
T3 4 4 1 50%

6.26 Sudbury Neutrino Project Review

E.D. Earle, D. Hepburn and K. McFarlane with members of the SNO
collaboration

Material for the technical, cost, schedule and management review of the SNO
proposal by a joint US/DOE/NSERC committee was prepared and presented. The
results of this review were excellent and full funding for the project has now
been obtained. A significant portion of this work was performed at CRNL
utilizing the services of Design Engineering and Project Management. CRNL
also participated in coordinating other aspects of the preparation by outside
firms.

6.27 Trace Analysis of Th and U in Acrylic

E.D. Earle, E.T.H. Clifford and R.J.E. Deal with G. Milton
(Environmental Research Branch) and W.J. Edwards, M. Hurteau and F.
Miller (General Chemistry Branch)

Basically two techniques, mass spectroscopy and neutron activation, are being
pursued to measure the levels of 232Th and 2 3 8U in acrylic samples reliably.
In addition, disequilibrium in the Th and U chains is being checked by a-
counting.

One kilogram samples for mass spectrometry at CRNL or at NRC are vapourized in
suprasil tubes and the residue is removed with concentrated acids. Ten
kilogram samples are vaporized for a-counting. It has been demonstrated that a
HN03 rinse removes about 50% of the

 232Th and 90% of the 2 3 8U in the residue.
Mixtures of HN03, HCl and HF are much more effective and removal efficiencies
of 90% seem to be possible. The mass spectrometry procedure at CRNL and NRC
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now has the sensitivity and accuracy required to measure the 232Th and 238U
concentrations in the residue. Sources for a-counting are prepared from the
residue by separating the isotopes of Th, U and Ra with ion-exchange columns.
The recovery for isotopes of Th and U has been shown to be constant and early
results indicate that the Ra recovery is around 40% (PR-PHS-HS-8: 3.5.2; AECL-
10103).

Thirty gram acrylic samples are neutron irradiated in the NRU reactor and the
239Np and 233Pa are 7-counted with Ge detectors. Samples have been counted
with a Ge co-axial detector at CRNL, with a Ge co-axial detector at Lawrence
Berkeley Laboratories and with a Compton suppressed Ge detector at Queen's
University. The irradiated samples can also be dissolved in perchloric acid,
the Np and Pa precipitated out of the solution and isolated utilizing ion-
exchange columns. This isolation procedure removes backgrounds from other
irradiated materials and significantly improves the sensitivity of the method
for measuring the 232Th and 2 3 8U concentrations. Nine samples from two
manufacturers have been examined. The concentrations of 232Th and 2 3 8U
fluctuate significantly from sample to sample and tend to be higher than the
mass spectrometry results.

The results from both techniques suggest that the distribution of 232Th and
238U in acrylic may be heterogeneous and on the average significantly higher
than the SNO collaboration has been assuming in its background calculations.

6.28 SNO Shielding Calculations for the 22-Meter Cavity

E.T.H. Clifford with P.Y. Wong (Mathematics and Computation Branch)

A set of calculations has been performed to evaluate the external source
background in the 22-meter SNO detector cavity. The dominant mechanism is the
same as with the 20-meter geometry: neutrons from (alpha,n) reactions and from
spontaneous fission in the rock are absorbed in the stainless steel liner, and
in shielding materials, producing high energy gamma rays which can reach the
sensitive volume of the detector.

The neutron transport code ANISYN has been used to transport neutrons and the
code SANDYL has been used for gamma ray transport. The "weight-splitting"
feature in SANDYL has been used to great advantage because it has made
possible calculations of gamma ray attenuations as large as 12 decades.

It has been confirmed that most of the background leaks are near the "waist"
region of the detector so that a barrel shaped cavity does not have
significantly worse background than a cylindrical one. Furthermore, it is
necessary to have shielding only in the "waist" region; the water provides
enough shielding from the rest of the cavity even when it is barrel shaped.

It is possible to reduce the thickness of the concrete shielding to 0.25 meter
from the original design of 1 meter. This reduction in the amount of material
allows the re-introduction of dolomite concrete in place of sulfurcrete.
Concrete has the added advantage over sulfurcrete that it can be a host for
boron.



6-23

6.29 Determination of Radioactivity Levels in Acrylic using a Compton-
Suppressed Germanium Detector

E.T.H. Clifford with V.J. Edwards and M. Hurteau (General Chemistry
Branch) and H. Lee and J.R. Leslie (Queen's University)

The determination of low levels of Th and U in acrylic by neutron activation
analysis is limited by the background from other neutron activation products
in the acrylic as well as gamma ray background from the counting room. Even
with chemical separation the room background has been a problem.

Neutron irradiated samples of acrylic have been counted with a Compton
suppressed germanium counter (18JS efficiency) at Queen's University. The new
counting conditions have achieved two significant improvements. First, with
chemically separated samples, a sensitivity of 1 x 10'12 g/g has been reached
for thorium; this sensitivity is needed for SNO. Second, it was found that
counting unseparated samples with this configuration is very effective at
suppressing the main background, namely 24Na, and this gives a sensitive
technique for pre-selecting those samples which are to undergo the time
consuming process of chemical separation.

6.30 Multiwire 3He Neutron Detectors

J.J.-P. Bolduc, G.A. Sims, D.C. Tennant, J.G.V. Taylor and B.M. Powell

(1) 13-wire detectors;

The prototype detector (MA-1-9-13) was used to find the best ratio of end-wire
to interior-wire diameter to give uniform gas gains. Ratios of 1:1 to 4:1
were tested. It was concluded that a 2:1 ratio gave the best performance for
this counter geometry.

This counter was also tested with 2 mm instead of 4 mm anode wire spacing.
Preliminary measurements gave acceptable resolution at this spacing. The
further tests needed to measure efficiencies and the frequency of coincident
events from adjacent wires were postponed when it was decided to continue with
4 mm spacing for at least the next generation of detectors.

Tests on a production detector (MA-2-9-13) filled with 800 kPa 3He + 200 kPa
CF4 in August were satisfactory and the detector was turned over to the CMP
group for use in experiments. By the end of the period (four months later) no
change in performance characteristics (resolution, efficiency, background) had
been observed.

Another 13-wire detector (MAC-1-9-13) has been designed and built to fit in an
18 cm diameter spectrometer shielding hole. For this application a circular
body geometry was used because space was available and it is easier to make
reliable circular instead of rectangular seals. The Al window is 64 x 57 mm
and 3.2 mm thick. Vacuum and pressure tests have been completed and the
detector is ready to be filled.
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(2) 150-wire detector;

Preliminary design work has started on a 150-wire detector (MA-4-9-150) with 4
mm wire spacing and a window approximately 600 x 120 mm and 5 mm thick.

6.31 Dualspec Detector

G.A. Sims and H.C. Spenceley

A 13-wire detector has been designed for Dualspec and is being constructed.

6.32 Electronics for Multiwire 3He Detector

J.J.-P. Bolduc, D.C. Tennant and M.M. Montaigne

A 12-channel module containing preamplifier, amplifier, discriminator and
comparator circuits has been designed, built and tested for the 13-wire
detector (MA-2-9-13) to be used in the ANDI project. (Signals are processed
from only the central 11 wires; the end wires are used to maintain uniform
field shape).

6.33 Ge Detector Servicing

J.J.-P. Bolduc

Six Ge detectors were brought in for repair, four from Fuel Engineering Branch
and two from System Chemistry and Corrosion Branch. Three were returned to
service and three are being returned to the manufacturer to repair internal
damage.

6.34 Phoswich Detector Repairs

G.A. Sims

Repairs to nine phoswich detectors (PR-PHS-P-7: 6.37; AECL-9995) have been
completed. An additional three detectors were repaired to correct poor
optical bonds at the phototube/E and/or E/AE interfaces. Two of the
phototubes were unsatisfactory and were replaced.

6.35 Bragg-Curve Detector for AMS

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

The entrance grid of this detector (PR-PHS-P-6: 7.32; AECL-9859) was replaced
with an aluminized polycarbonate foil (0.25 mg.cnr2) and further tests are
being made.
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6.36 Standards Issued

R.H. Martin

(a) Standard Sources (by Branch)

8 8Y - Nuclear Physics (2)
1 2 9I - Radiation & Industrial Safety (1)
133Ba - Dosimetric Research (1)
241Am - Nuclear Physics (2)

(b) Standard Solutions (by Branch)

3H - Dosimetric Research (1)
63Ni - Dosimetric Research (1)

9CSr - Queen's University (1)

6.37 New Computer System

R.H. Martin
A CAMAC crate controller and accompanying software has been acquired for the
AST 80386 computer system. Some program development has been done on the
automatic and manual control of the sample changers with this computer system.
Both the ion chamber and AJT^-7 systems can be controlled in a single function
and batch mode from the computer.

6.38 133Xe Gamma-Rav Emission Probabilities

R.H. Martin and J.G.V. Taylor with N.A. Keller (Fuel Engineering Branch)

Measurements of the emission probabilities of the very weak 303 and 384 keV
gamma-ray lines in the decay of 5.3 d. 133Xe have been made relative to the
prominent 81 keV line. The same lines, which appear with different but
relatively well-known intensities in the decay of 10-y 133Ba standards were
used for the calibrations. Values in the literature agree reasonably on the
303/384 ratio but differ widely in their ratios to the 81 keV line and hence
in absolute emission probabilities. The measurement is difficult because the
81 keV line is about 5500 and 12000 times more intense than the 303 and 384
keV lines respectively.

Three different counting geometries were used and included absorbers to
attenuate the low energy gamma-rays and reduce the count-rate dependent losses
while maintaining measurable rates for the weak higher energy lines. Analysis
of the results will be completed shortly.

The improved emission probabilities were sought to allow the use of the weak
lines to assay strong 133Xe samples.
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6.39 Glessbloving Laboratory

D.A. Doering

Work completed during the period is grouped by branches:

Chemical Operations ("Mo Production)

One hundred and forty-eight alumina columns, eighty-eight product recovery
headers and sixty ball joint connectors were built.

Dosimetric Research

Twenty glass circular tritium exposure discs were made to study tritium skin
exposures on mice.

Chemical Engineering

One glass mesh basket and six glass screens were constructed to test catalysts
for the removal of C02 from air.

Fuel Materials

Twelve glass flasks with stopcocks were built for iodine stress corrosion
cracking tests on irradiated specimens of Bruce fuel sheathing.

System Chemistry & Corrosion

Twelve quartz optical cells were modified to allow insertion of a thermocouple
to study the heating effect of energetic electrons in water. Twenty-four
quartz ampoules were built for samples to be inserted in the reactor.

General Chemistry

Six glass chimneys and six furnace tubes were built for promethium analyses.
Ten low OH" quartz tubes and three suprasil F-300 quartz tubes were made for
D2/H2 analysis.

Neutron & Solid State Physics

Four new furnace tubes were made from suprasil quartz tubing to continue the
analysis of acrylic to be used in SNO.

Physical Chemistry

Four cells were fabricated to insert samples into a laser beam.

Environmental Research

Fifteen glass traps, four furnace tubes and six electrolysis cells were made
for studies of tritium dispersion.
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Fuel Engineering

Thirty-one quartz cavity holders were constructed to hold samples to study the
effects of microwaves upon various materials.

6.40 Mechanical Laboratories

H.C. Spenceley and L.E. McEwan

About 70X of the Bldg. 116 laboratory effort was spent on multiwire 3He
neutron detectors for condensed matter physics, 15% on scintillators for
TASCC, 10Z on cutting crystals and 5% on chuck jaws and holders for the
glassblowing laboratory.

In the Bldg. 459 laboratory the curved silicon (111) monochromator has been
two-thirds completed. The main frame and the seven silicon support frames
have been manufactured along with the movement yokes, frame pivots and tension
springs. The main drive screw and bearing supports have been started. Two of
the four required collimators, a fine and a coarse, have been assembled for
Dualspec. The monochromator stacks are near completion and the insertion tool
has been finished.

A non-metallic heat lamp holder has been designed and manufactured from
acrylic for the SNO project.

Three fixtures were manufactured to hold a 9 ft. piece of Amtrak rail for
stress testing.

Two other fixtures were made for mounting the tube-to-plate weld block for
testing.

Three vanadium cans were manufactured and six crystals were mounted. Other
work completed includes checking the angle of the kappa mechanism,
manufacturing valve parts for five cryostats, making three sample holders, and
a filter holder for T3.

6.41 Analysis of Neutron Inelastic Scattering Experiments on H20 Ice

V.F. Sears, E.C. Svensson and J.H. Root with D.D. Klug and E. Whalley
(National Research Council of Canada)

PR-PHS-P-8: 7.2; AECL-10102

6.42 Argon Filling of Collimation Plugs and In-Core Beam Tubes in NRU

V.F. Sears with W.J.L. Buyers

PR-PHS-P-8: 7.4; AECL-10102
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6.43 Optimum Size of the D;O Neutron Source in NRU

V.F. Sears with W.J.L. Buyers

PR-PHS-P-8: 7.5; AECL-10102

6.44 Thorium. Uranium and Radium in Acrylic

E.D. Earle et al.

PR-PHS-HS-8: 3.5.2; AECL-10103

6.45 Extension of the Study of Highly Excited Nuclear Matter Systems vith an
Exclusive Impact-Parameter Trigger

J.C. Ball, D. Horn, E. Hagberg, S. Narayanan], C. Prureau, M.G. Steer
with H.C. Spenceley

PR-PHS-P-8: 3.2.3; AECL-10102

6.46 Miniature Array of Particle Detectors

A. Galindo-Uribarri, T.E. Drake, G. Schwartz, T.K. Alexander, H.R.
Andrews, G.C. Ball, J.S. Forster, D.C. Radford, D. Ward, N.E. Bray, L.H.
Bucholtz, J. Lori, F.J. Sharp, L.V. Smith and R.H. Martin

PR-PHS-P-8: 3.2.7; AECL-10102

6.47 PUBLICATIONS AND LECTURES

Publications

NEUTRON DIFFRACTION MEASUREMENTS OF THE RESIDUAL STRAIN STATE OF A TUBULAR T-
JOINT
T.M. Holden, J.H. Root, R.A. Holt and G. Roy
Proceedings of the 7th International Conference on Offshore Mechanics and
Arctic Engineering, Houston, Texas, U.S.A. (1988) 127

NEUTRON DIFFRACTION MEASUREMENTS OF STRAIN AND TEXTURE IN VELDMENTS
T.M. Holden, J.H. Root and G. Roy
Proceedings of the 3rd Canadian Forces/CRAD Meeting on Research in Fabrication
and Inspection of Submarine Pressure Hulls, Halifax, N.S. 1989 June

NEUTRON DIFFRACTION MEASUREMENTS OF STRAIN AND TEXTURE IN WELDED
Zr 2.5 wt.Z Nb TUBE
T.M. Holden, R.R. Hosbons, J.H. Root and E.F. Ibrahim
Mat. Res. Soc. Symp. Proc. K 2 (1989) 52-64
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A BROAD-RANGE DETECTOR SYSTEM WITH LARGE GEOMETRIC EFFICIENCY FOR HEAVY-ION
REACTION STUDIES
L. Potvin, G.C. Ball, V.G. Davies, J.S. Forster, E. Hagberg, D. Horn, M.A.
Lone, M.M. Montaigne, S.A. Sim, M.G. Steer, R.J. Toone, R. Roy, C. St. Pierre,
A. Galindo-Uribarri
Nucl. Instrum. and Methods A281 (1989) 359

STRUCTURE OF THE a-PHASE OF SOLID METHANOL
B.H. Torrie, S.-X. Weng and B.M. Powell
Mol. Phys. 67 (1989) 575

PROPOSED MODEL FOR THE DISORDER IN THE WARMEST CRYSTALLINE PHASE OF C4F8
L.S. Bartell and B.M. Powell
Mol. Phys. 67 (1989) 861

SOFT-MODE TRANSITION IN THE FERROELASTIC CRYSTAL K2Hg(CN)4
B.M. Powell and P.N. Gerlach
Phys. Rev. B40 (1989) 2426

THE CRYSTAL STRUCTURE OF FORMALDEHYDE
S.-X. Weng, B.H. Torrie and B.M. Powell
Mol. Phys. 68 (1989) 25

CRYSTAL STRUCTURES OF METHYLENE BROMIDE AND METHYLENE IODIDE
D.A. Prystupa, B.H. Torrie, B.M. Powell and P.N. Gerlach
J. Mol. Phys. 68 (1989) 835-851

A MOLECULAR DYNAMICS SIMULATION STUDY OF THE /3-PHASE OF NITROGEN
B.M. Powell and G.S. Pawley
J. Chem. Phys. 91 (1989) 7877

NEUTRON DIFFRACTION AS A TOOL FOR NON-DESTRUCTIVE EVALUATION OF CERAMICS
J.H. Root and J.D. Sullivan
Mat. Res. Soc. Symp. Proc. 142 (1989) 311

TEMPERATURE DEPENDENCE OF S(Q,w) FOR LIQUID 4He
E.C. Svensson
In "Elementary Excitations in Quantum Fluids" (Springer Series In Solid-State
Sciences, Vol. 79) edited by K. Ohbayashi and M. Watabe (Springer-Verlag,
Heidelberg, 1989) p. 59
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Lectures

VIBRATIONAL SPECTRA OF HIGH- AND LOW-DENSITY AMORPHOUS ICE AND ICE Ic AND Ih
BY NEUTRON SCATTERING
D.D. Klug, E. Whalley, E.C. Svensson, V.F. Sears, J.H. Root, C. Szornel and
E.D. Hallman
International Conference on High Pressure Science and Technology, University
of Paderborn, W. Germany, 1989 July 17-21

SOFT MODE TRANSITION IN THE FERROELASTIC CRYSTAL K2Hg(CN)4
B.M. Powell
Annual Meeting of the American Crystallographic Association, Seattle,
Washington, 1989 July 23-29

NEUTRON SCATTERING DETERMINATION OF THE VIBRATIONAL SPECTRA OF AMORPHOUS AND
CRYSTALLINE H20 ICE
E.C. Svensson, V.F. Sears, J.H. Root, C. Szornel, D.D. Klug, E. Whalley and
E.D. Hallman
Phonons '89, European Physical Society, Heidelberg, W. Germany, 1989 August
21-25

NEUTRON SCATTERING FROM SILICA, AEROGELS, CAB-O-SIL AND AMORPHOUS BULK GLASS
J.H. Page, D.W. Schaefer, C.J. Brinker, J.H. Root and W.J.L. Buyers
Phonons '89, European Physical Society, Heidelberg, W. Germany, 1989 August
21-25

PHONON DISPERSION IN 0-PHASE NICKEL ALUMINUM ALLOYS
E.D. Hallman and E.C. Svensson
Phonons '89, European Physical Society, Heidelberg, W. Germany, 1989 August
21-25

THERMAL EVOLUTION OF PHONONS IN Cu3Au
E.C. Svensson, E.D. Hallman and B.D. Gaulin
Phonons '89, European Physical Society, Heidelberg, W. Germany, 1989 August
21-25

MAGNETIC X-RAY SCATTERING IN URANIUM COMPOUNDS
E.D. Isaacs, D.B. McWhan, G. Aeppli, W.G. Stirling, W.J.L. Buyers, C. Peters.
G.E. Ice, D.P. Siddons, J.B. Hastings, C. Vettier and 0. Vogt
International Conference on Highly Correlated Systems
Los Alamos National Laboratories, Sante Fe, NM, 1989 September 18-22

ANTIFERROMAGNETISM AND SUPERCONDUCTIVITY IN URu2Si2
T.E. Mason, H. Lin, M.F. Collins, W.J.L. Buyers, A.A. Menovsky and J.A. Mydosh
International Conference on Highly Correlated Systems
Los Alamos National Laboratories, Sante Fe, NM, 1989 September 18-22
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NETWORKING RT-11 SYSTEMS USING ETHERNET
M.M. Potter
DECUS Symposium, Annaheim, California, 1989 November 8.

COMPARISON OF NEUTRON ELASTIC AND INELASTIC SCATTERING FROM FUSED QUARTZ, CAB-
O-SIL AND AEROGEL
J.H. Root, W.J.L. Buyers, J.H. Page, D.V. Schaefer and C.J. Brinker
Materials Research Society Symposium, Boston, Mass. 1989 November 27 -
December 1
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7.1 Staff

Branch Manager: G.E. Lee-Whiting

M. Couture
C. Gale1

M. Harvey2

H.C. Lee .
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K.B. Winterbon4

M.S. Milgram

Secretarial Staff

M.E. Carey

Summer Student

S.H. Hooshangi

Visitors

W-Z. Li7

N.C. Schmeing

Attached Staff

Y-B. Dai9

P. Gaigg10

M-L. Ge
G-J. Ni
W-D. Zhao13

Research Fellow; started 1988 January 4; left 1989 Aug. 28 to go to
McGill University, Montreal, Quebec
Became Director of the Physics Division, 1989 July 24
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Member of Reactor Physics Branch, spending up to about 25% of his time
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From Zhejiang University, China; from 1989 Aug. 8 - Sept. 8
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From Institute of Theoretical Physics, Beijing; from 1989 June 6 - Aug. 11
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7.2 Analysis of Neutron Inelastic-Scattering Experiments on H O Ice

V.F. Sears (with E.C. Svensson & J.H. Root (NSSP Branch) and D.D. Klug &
E. Whalley (National Research Council of Canada))

Frequency distribution functions, g(w), for the Ih and Ic crystalline phases of
ice, and also for the high- and low-density amorphous phases, were determined from
an analysis of our neutron inelastic-scattering measurements at 15 K (effectively
T=0) as described in the previous report (PR-PHS-P-7:6.6,7.2,7.3 (AECL-9995)). To
test the accuracy of the analysis, we have compared the heat capacities calculated
within the harmonic approximation using these g(w) results with experimental values
obtained from calorimetry. The agreement is excellent for both crysto ? phases
in the range 10-100 K, with a mean difference of about 1.5%. Above 100 K, where
anharmonic contributions become significant, the differences are close to the
anharmonic corrections calculated by Leadbetter (Proc. Roy. Soc. 287A(1965)4O3).
The differences between the calculated and measured heat capacities are, at T~100
K, about three times larger for the amorphous phases than for the crystalline
phases, which we interpret as indicating substantially larger anharmonic effects in
the amorphous phases.

The excellent agreement for the crystalline phases at low temperatures shows that
our g(w) values are much more accurate than those obtained in earlier studies.
Earlier g(w) values typically gave differences of 20-40% between calculated and
measured heat capacities (see Chapter 9 in "Molelcular Spectroscopy with Neutrons",
H. Boutin and S. Yip, M.I.T. Press, Cambridge, Mass., 1968) unless it was assumed
that the libron modes almost completely overlapped the phonon band, an assumption
that is totally inconsistent with our results (PR-PHS-P-7.6.6 (AECL-9995)) which
show that the libron and phonon bands are well separated in all four phases. The
major improvement in agreement in large part reflects the great care we took to
correct our results for multiphonon and multiple scattering as well as other
effects. It also gives strong support to our assumption concerning the relation-
ship between g(w) and the velocity spectrum, f(w). Our careful and thorough study
has clearly set a new standard for the accurate determination of g(w) from incoher-
ent inelastic neutron scattering measurements. The quality of the g(w) results for
ice is now sufficiently high that it would appear that, in conjunction with experi-
mental heat capacity values, they can be used to obtain accurate estimates of
anharmonic contributions.

This work is now being prepared for publication. The results were initially plot-
ted using NCAR graphics on NOS/VE. However, to obtain publication-quality graphs,
they have now been downloaded to a Mac SE and replotted using PostScript graphics
on a LaserWriter printer.

7.3 Analytic Scattering Kernels for Neutron Thernialization Studies

V.F. Sears

Simple analytical models for the scattering kernels of monatomic and diatomic
liquids have been developed in connection with neutron thermalization studies for
the proposed cold source in the NRU replacement vessel (PR-PHS-P-5-.8.2 (AECL-
9758)). Extensive numerical calculations were performed for liquid H , liquid D ,

Z Z

and mixtures of the two, in order to study the dependence on the incident and
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scattered-neutron energies, the behavior near rotational thresholds, the dependence
on the center-of-mass pair correlations, the dependence on the ortho concentration,
and the dependence on the deuterium concentration in the case of mixtures. We also
calculated the corresponding total collision cross sections for comparison with
available experimental measurements. This work has now been completed and will be
published as an AECL report.

7.4 Argon Filling of Collimation Plugs and In-Core Beam Tubes in NRU

V.F. Sears (with W.J.L. Buyers (NSSP Branch))

We have investigated the effect on the neutron flux of filling the collimation
plugs in NRU with Ar instead of air, and the in-core beam tubes with Ar instead of
CO . The collimation plugs would then require Al windows at each end, and the in-
core beam tubes would likewise need Al windows at the wall of the reactor vessel.
We find that net flux gains of 87. at 1.0 A and and 267. at 4.0 A will be obtained if
window thicknesses as small as 1/32" are allowed.

7.5 Optimum Size of the D O Neutron Source in NRU

V.F. Sears (with W.J.L. Buyers (NSSP Branch))

Calculations of the optimum size of the D 0 neutron source in the N2/C2 beam tube

in NRU have been performed using the simple model that was developed previously for
the cold source (PR-PHS-P-5-.8.2 (AECL-9758)). We find that for the present can
(whose length is 5.5"=14.0 cm) the cold flux has 997. of its calculated maximum
value, the thermal flux 937., and the fast flux 877.. It therefore appears that the
length of the can is already close to optimal: a small increase in length would
increase the thermal flux slightly, but it would also increase the ratio of fast to
thermal neutrons.

7.6 Small-Angle Neutron Scattering in Electrically-Damaged Polyethylene

V.F. Sears (with J.H. Root, C.P. Martel, 8 D.C. Tennant (NSSP Branch))

A simple theoretical model has been developed for the interpretation of small-angle
neutron scattering experiments on materials with a heterogeneous microstructure.
It is assumed that the inhomogeneities can be modeled as a dilute system of non-
overlapping spheres for which the spatial pair correlations are taken into account.

This model has been applied to the analysis of recent CRNL measurements on samples
of virgin and electrically-damaged polyethylene provided by J.P. Crine of Hydro
Quebec. A good least-squares fit of the model to the data is obtained for the vir-
gin sample when 67. of the volume is occupied by 210-A diameter spheres with number
density 1.2x10 cm . An equally good fit is obtained for the damaged sample when
87. of the volume is occupied by 168-A diameter spheres with number density
3.16x10 cm . The spherical inhomogeneities may in fact correspond to gas bub-
bles which Dr. Crine says are introduced in copious quantities during fabrication.
No indication of the characteristic lamellar structure of polyethylene is evident
in the present SANS measurements.
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7.7 Cold Neutron Source for the NRU Reactor

E.C. Svensson S W.J.L. Buyers with M. Harvey (Physics Division Office), V.F.
Sears (Theoretical Physics Branch), P.M. Brewster 8 G.C. Campbell (Reactor
Physics Branch), W. Mellors (Mechanical Equipment Development Branch) and
N.D. MacDonald S H. Graper (Project Management Branch)

See PR-PHS-P-8:6.2 (AECL-10102).

7.8 Elastic Electron-Deuteron Scattering

I.S. Towner with P. Blunden (University of Manitoba)

Recent measurements of the deuteron magnetic form factor have demonstrated the
existence of a diffraction minimum near a momentum transfer given by q =50 fm .
In the standard approach, based on a non-relativistic description of the deuteron,
such a minimum appears from the interference between the S- and D-wave parts of the
deuteron wavefunction in the impulse approximation (IA), but is filled in when
meson-exchange current (MEC) effects are taken into account. This has been inter-
preted as a sign of the inadequacy of the traditional explanation of the high-q
data. The principal MEC process involves the pny graph and is calculated in a non-
relativistic framework. Hummel & Tjon (Phys. Rev. Lett. 63(1989)1788) argue that
at high energies a leading orders nonrelativistic calculation of the pny graph is a
poor approximation and they present fully relativistic computations to support
their case.

Because fully relativistic calculations are only practicable in the deuteron, it is
important to assess how badly the nonrelativistic approximation is breaking down.
We are therefore calculating the next-to-leading order terms in the pny graph. We
evaluate the next order terms at the pNN and wNN vertices and a retardation term
from corrections to the static limit of the propagators. We are led to non-local,
or velocity-dependent, operators whose matrix elements are to be evaluated. The
formalism has been worked out, and the expressions are being coded.

7.9 Radiative Corrections to Superallowed Beta Decay

I.S. Towner

It is important to determine the quark mixing matrix element, V , of the standard
ud

electroweak model with as much precision as possible because its value ultimately
places limits on extensions to the standard model, for example to four generations
or to the coupling of extra U(l) groups to the basic SU(2)xU(l) structure. At the
present time the accuracy to which V can be determined is limited by an uncer-

ud
tainty in the calculation of the radiative corrections in nuclear decays.
In the past the most troublesome radiative-correction Feynman graph has been esti-
mated for a free nucleon and the same value assumed for all nuclei. We intend to
make a non-relativistic reduction of the diagram, allowing the two vertices associ-
ated with a nucleon (the weak W-boson WNN-vertex and the electromagnetic
yNN-vertex) to be associated with the same nucleon or two different nucleons. This
will lead to one-body and two-body operators respectively whose matrix elements we
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will then evaluate with shell-model wavefunctions. The formalism for this is cur-
rently being worked out.

7.10 Invariants of Quantum Groups

H.C. Lee

Given a simple Lie algebra g with generators a, b,.. and bracket [a,b], it is pos-
sible to make a one-parameter, q, generalization of g, and its generators to g',
a ' , b ' , . . , in such a way that the bracket [ a ' , b ' ] has the limiting value [a,b] when
q approaches unity; g' is called a quantum group. In the last few years evidence
has been accumulating showing that quantum groups are the underlying structure of
a large and diverse array of topics in mathematics and low-dimension physics
including braid group representations, knot and link theory, fractional statistics,
exactly soluble statistical and vertex models, and quantum field theories in two
and three dimensions. The role of quantum groups in low-dimension physics is not
unlike the well-known role of group theory in physics. A significant difference is
that whereas group theory reduces all relevant quantities to a set of reduced
matrix elements, in low-dimension physics, through the quantum group, all reduced
matrix elements are exactly calculable.

In 1988 (N.Y. Reshetikhin, Quantum Enveloping Algebra, the Yang-Baxter Equation and
the Invariant of Links, LOMI (Steklov Institute Leningrad) preprint £-4-87; V.G.
Turaev, Invent. Math. 92(1988)527)) it was shown that representations of the quan-
tum group naturally give representations of Artin's braid group and solutions to
the Yang-Baxter equation and, furthermore, can be used to construct link invari-
ants. Later it was shown (R. Lawrence, A Universal Link Invariant Using Quantum
Groups, Proc. Int. Conf. Diff. Geom. Meth. Theo. Phys. 1988, Berkerly) that a uni-
versal - i.e. representation independent - link invariant can be constructed in the
quantum group. This latter construction is not complete in the sense that not all
the components of the construction were identified as elements of the quantum
group. Both constructions are based on Markov's theorem, which relies on properties
of the braid group. We have made some significant progress in the study of quantum
groups. Two examples follow.

1) The derivation of a new construction, based on the geometric Reidemeister
theorem instead of the algebraic Markov theorem, of a universal link invariant in
any quantum group. The new construction has a one-to-one correspondence to the
partition function of a vertex model at criticality.

2) Proof of the tangle theorem. A tangle is any link with one of its strings cut.
Given a quantum group g' and its identity element e , then P[L]e is an element in

the centre of g' if P[L] is a link invariant. This means that a representation of
P[L] is a c-number function. We have shown that: (a) An invariant V[T] of a
tangle T is in the centre of g', meaning that V[T] commutes with all elements of
g', and that any matrix representation of VIT] is proportional to the identity
matrix, and (b) If T is any one of the tangles .cut .from Jthe. link. L, then P[L]

_ , . , , . , _ , , , , . ' . , . . ,, element in g and Tr is a trace map.=Tr(h)V[T]/e , where h is a certain (fixed) a *o

Tangle invariants play a role in the theory of quantum groups analogous to that of
Casimir invariants in the Lie algebras. The analogues of link invariants are
traces of Casimir operators. For a Lie algebra the representation of a Casimir
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operator is a c-number times the unit matrix; the trace of the representation is
thus the dimension of the representation times the same c-number. In the case of
quantum groups the representation of a tangle invariant is also a c-number times
the unit matrix, but the link invariant is more complicated; its representation is
the c-number times the trace of the representation of the element h mentioned
above. In some cases rep(Tr(h))=O; then P[L] is a trivial map - rep(P[L])=O for
all links, but V[T] is not.

7.11 Twisted Quantum Groups

H.C. Lee

As explained in 7.10, a quantum group can be viewed as a one-parameter (q) general-
ization of a Lie algebra. We have shown that, given a Lie algebra g, a new kind of
quantum group — we call it a twisted quantum group — can be formed by deforming g
twice; the result is a quantum group with two continuous parameters. Some of the
braid group representations reported previously (PR-PHS-P-7:7.14 (AECL-9995)) are
just representations of the twisted quantum groups of s£(2,C). Heretofore the rela-
tion between the oldest known link invariant, the Alexander-Conway link polynomial,
and quantum groups has been a mystery. We now know that it is the tangle invariant
given by the 2-dimensional representation of the twisted quantum group of the spon-
taneously broken st(2,C)xZ . The relations between twisted quantum groups and sta-
tistical and vertex models, and quantum field theories in two and three dimensions
are completely unexplored.

7.12 Quantum Field Theories and Quantum Groups

H.C. Lee

The close correspondence between representations of quantum groups and 2-
dimensional conformal field theories and the 3-dimensional Chern-Simon topological
field theory has been much noticed and studied recently (W. Witten, Gauge Theories,
Vertex Models and Quantum. Groups, Inst. Adv. Study preprint HEP-89/32 (1989)), but
the exact nature of the connection remains a mystery. Through our preliminary
study of this subject, we have noticed, among other things, that: (I) The monodromy
- that is, the covering of the two-point correlation function - in conformal field
theories is such that the action on a conformal field theory of a quantum group is
restricted to that of its maximal torus, or the maximal abelian quantum subgroup.
(2) The tangle theorem establishes the gauge invariance of the holonomy - covering
of the one-particle state - in 3D Chern-Simon theory. We expect to have much more
to say about this topic in the near future.

7.13 Banff NATO Summer School on Physics, Geometry & Topology
1989 August 14-25

H.C. Lee (Director of School) G G. Kunstatter (Co-Director, U. Winnipeg)

The main theme of the School was the geometric and topological properties of field
theories and other models for physics, and methods for studying such models that
exploit these properties. The physical systems considered therefore covered a
broad spectrum: from strings and gauge theories for elementary particles, to sta-
tistical models and field theories for condensed matter, and gravity and black
holes.



7-8

One of the much discussed topics at the School was the consideration of how widely
diverse physical systems share a common underlying mathematical structure. This is
especially true for systems in low space-time dimensions (not more than three),
when the relevant topology is not simply connected. A case in point is conformal
field theories in two dimensions. At one level, these are theories of strings that
many theorists view as very likely the most fundamental description of elementary
particles. At another level they are field theories of statistical systems at cri-
ticality. At still another they can be viewed as a generalization of group theory.
Underlying all these connections is ine mathematical structure of quantum groups,
which mathematicians have recently discovered to be a powerful tool for the study
of braids, knots and links. Amazingly, these objects find their exact correspon-
dents in conformal field theory, local quantum theory and topological field theory
in three dimensions, and all exactly solvable statistical models.

A property of two-dimensional systems that was given special consideration is frac-
tional statistics, since it appears to be realized in the laboratory - in the form
of the quantized hall effect. A closely related subject that was also discussed,
and both are hoped to have a close bearing to the theory of high-T superconduc-
, . . . the theory of strongly interacting electrons,
tivity, is J s J 6

The geometrical methods in gauge theories and their quantization were also dis-
cussed in depth at the School. Here the manifold of interest is the functional
space of the gauge fields rather than space-time.

Finally the quantum properties of gravity, specifically black holes, quantum gra-
vity in 2+1 dimensions, and quantum topology were considered. A particularly
intriguing conjecture that emerged with some degree of consensus is that space-time
and the phase space of the universe may not only be discrete, but also finite.

The school was mainly funded (~70%) by an Advanced Studies Institute Award from the
NATO Science Division. Funds also came from NSERC, TRIUMF, IPP, and AECLCR. There
were about 170 participants, including 45 from Canada.

7.14 Baxterization: from a Braid Group Representation to Exactly Solvable
Two-Dimensional Statistical Models

M. Couture, M.L. Ge (Nankai Inst. of Mathematics), and H.C. Lee

The quantum Yang-Baxter equation plays a central role in the theory of exactly
solvable models in statistical mechanics and field theory. Let R(x) be a transfor-
mation among elements of the tensor product of two vector spaces; one of the matrix
forms of the Yang-Baxter equation is

(R(X)®I)(I®R(XY))(R(Y)®F) = (I®R(Y))(R(XY)®I)(I®R(X)) (1)

where l€End(V) is the identity matrix and X,Y are the spectral parameters. The
matrix elements of R(X) can be associated with the Boltzman weights of solvable
statistical models in two dimension. R(X) is known as the quantum R matrix. Solu-
tions of (1) can be found directly, or by making use of quantized universal envel-
oping algebras. Our approach consists of first solving (1) with the spectral para-
meters set to zero; such solutions yield braid group representations which we
denote by S. The transformation of S into R(x), is known as Baxterization. A
method of Baxterizing has been proposed by M.L. Ge, K. Xue and Y.S. Wu (Stony Brook
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preprint January 1990). Starting with a known braid group representation S and a
spectral decomposition

S = S \Pi , (2)

where P are projectors and the summation is over the n distinct eigenvalues X of

S, they assume that R(X) has the following form:

R(X) = Z P,(X)P] (3)
i

p (X) = A +B X + • • • X""1

where A ,B ,... are constants to be determined. The coefficients A ,B .... are

determined by imposing the unitarity condition

KIAJ 1 M A J <X 1

and requiring that
R(X=O) = S and R(X=1) « I .

At present there is no proof that (1) is satisfied but, by direct substitution,
this has been shown to be the case. So far the method has been tested successfully
by reproducing several of the results with R(x) known by other means. Recently we
have found several new families of braid group representations and using this pro-
cedure new quantum R matrices have been obtained. In summary, this procedure has
worked in all the new cases examined so far; more cases are now being considered.

7.15 A New Two-Parameter Braid Group Representation and its Baxterization

M. Couture, (with M.L. Ge S K. Xiu (Nankai Inst. of Math.)) G H.C. Lee

We have found a new two-parameter (Q and k) braid group representation and Baxter-
ized it. The quantum R matrix R(X,Q,k) thus obtained is an extension of Jimbo's
D quantum R matrix (Comm. Math. Phys. 102(1986)537) to which it reduces when

— 1

Q=k . To our knowledge this is the first case of a two-parameter braid group
representation; its implications in the theory of quantized universal enveloping
algebras remain to be explored. A paper is being written for publication.

7.16 Motion Through Dipole-Magnet Fringing Fields

G.E. Lee-Whiting

In a continuation of the work introduced in PR-PHS-P-7:7.17 (AECL-9995) the expan-
sions of all second-order elements of the transfer matrix in powers of the inverse
stiffness were extended from two to three terms. (The transfer matrix relates dis-
placements and deflections at the exit from an optical element to their values at
entry.) This extension required an increase in the number of basic integrals over
the field distribution from eight to twelve.
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Computer programs were written for all the forty matrix elements. The analysis and
coding were checked by comparison with the results of direct numerical integration
of the trajectory equations. The general expression for the matrix elements agreed
with the numerical values to at least six significant figures almost always; in a
few cases there were discrepancies of a few parts in the sixth figure. The results
obtained from the expansions in inverse stiffness showed appropriate convergence
toward the exact values.

The determinants of the first-order matrix elements for both the motion in and the
motion perpendicular to the median plane of symmetry calculated with the general
expressions are both exactly equal to unity. With the expanded matrix elements
unimodularity is maintained for the planar motion but not for the perpendicular.
An alternative procedure has been devised for the perpendicular motion which pre-
serves unimodularity and yields essentially the same accuracy.

The field shape used in the numerical tests was taken from the results of measure-
ments on one of the TASCC bending magnets made by W.G. Davies. It is customary in
this type of work to fit the data with a simple analytical formula of a type pro-
posed by Enge. With our new formulation, however, a great amount of computation
can be avoided if the field shape function can be integrated analytically. This is
not possible for Enge's function. Thus a new set of fitting functions was chosen,
involving exponential and hyperbolic functions, such that each term could be inte-
grated analytically. An eight-parameter non-linear least-squares procedure using
these functions gave a fit to within 0.25%. A paper on this work is almost ready
for publication.

7.17 Reports, Publications and Seminars

Publications

CORRECTIONS TO SUPERALLOWED FERMI (3-DECAY AND THE DETERMINATION OF V
ud

I.S. Towner
Symmetry Violations in Subatomic Physics:
Proc. of 6th Summer Inst. in Theor. Physics, eds. B. Castel and PJ. O'Donnell
(World Scientific Pub. Co., Singapore, 1989) pp. 211-226

SUPERALLOWED "2Sc(/3*)42Ca DECAY
S.W. Kikstra, C. van der Leun, S. Raman, E.T. Jurney and I.S. Towner
Nucl. Phys. A496(1989)429

QUENCHING OF GAMOW-TELLER STRENGTH IN NUCLEI
I.S. Towner
Proc. XXIII Yamada Conf. on nuclear weak process and nuclear structures, eds.
M. Morita, H. Ejiri, H. Ohtsubo and T. Sato (World Scientific Pub. Co.,
Singapore, 1989) pp. 348-353

EXOTIC STATISTICS, BRAID CROUP REPRESENTATIONS AND MULTIPOINT FUNCTIONS IN
CONFORMAL FIELD THEORY
H.C. Lee, M.L. Ge, M. Couture and Y.S. Wu
Proc. 17th Int. Coll. Group Theor. Meth. in Phys., St.-Adele, Que. 1988 (World
Scientific) pp. 267-273
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THE BRAID LOOP, KNOT-LINK POLYNOMIALS AND STATISTICS MATRIX IN d=l
M.L. Ge, H.C. Lee and Y.S. Wu
Proc. 17th Int. Coll. Group Theor. Meth. in Phys., St.-Adele, Que. 1988 (World
Scientific) pp. 243-246

IRREDUCIBLE EMBEDDIDNGS AND POLYNOMIAL TENSORS
M. Couture and R.T. Sharp
Proc. XVIIth Int. Colloq. on Group Theoretical Methods in Physics, June 1988,
p.389.

FINITE-ANGLE MULTIPLE SCATTERING REVISITED
K.B. Winterbon
Nucl. Inst. 8 Meth. Phys. Res. B43(1989)146

CRITICALITY AT THE METASTABILITY LIMIT IN RANDOM-FERROMAGNET ISING MODELS
K.B. Winterbon, CM. Coram, A.E. Jacobs, N. Heinig (U. Toronto)
Phys. Rev. B40(1989)6992

DILEPTON AS A PROBE OF PION, KAON, NUCLEON, AND ANTINUCLEON DYNAMICS IN
NUCLEAR MATTER
C. Gale and J. Kapusta (U. Minnesota)
Phys. Rev. C38(1989)2659

DILEPTON RADIATION FROM NUCLEON-NUCLEON COLLISIONS
C. Gale and J. Kapusta (U. Minnesota)
Phys. Rev. C40(1989)2397

Seminars

THRESHOLD PHOTOPRODUCTION OF NEUTRAL PIONS FROM NUCLEONS
I.S. Towner
Seminar at Queen's University, 1989 November 10

A SABBATICAL YEAR AT TRIUMF
I.S. Towner
Seminar at CRNL, 1989 December 7

HOPF ALGEBRA, COMPLEXIFICATION OF U (sl(Z,O) AND LINK INVARIANTS
q

H.C. Lee
Invited talk at Symposium of Fields, Strings and Quantum Gravity, Beijing, China,
1989 May 29-June 4.

Q-DEFORMATION OF sl(2,C)xZ AND LINK INVARIANTS.
N

H.C. Lee
Invited talk at NATO Adv. Res. Workshop on Physics and Geometry, Lake Tahoe,
California, USA, 1989 July 3-8.

TANGLE AND LINK INVARIANTS AND SOME NEW QUANTUM GROUPS
H.C. Lee
Invited talk at Banff NATO Adv. Studies Institute on Physics, Geometry S Topology,
Banff, Alberta, Canada, 1989 Aug. 14-25.
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FEYNMAN'S PRESCRIPTION IN THE AXIAL GAUGE AND THE TWO-COMPONENT
LIGHT-CONE GAUGE
H.C. Lee
Invited talk at Workshop on Physical and Nonstandard gauges, Vienna, Austria,
1989 Sept. 19-23.

TANGLES, LINKS AND TWISTED QUANTUM GROUPS
H.C. Lee
Seminars given at: Univ. Paris VI, Paris, France, 1989 Sept. 22; Imperial College,
London, UK, 1989 Sept. 25; Univ. Cambridge, Cambridge, UK, 1989 Sept. 26; Univ.
Oxford, Oxford, UK, 1989 Sept. 28

A NEW FAMILY OF N-STATE REPRESENTATIONS OF THE BRAID GROUP
M. Couture
Talk at Banff NATO Adv. Studies Institute on Physics, Geometry & Topology, Banff,
Alberta, Canada, 1989 Aug. 14-25.

QUANTUM GROUPS, KNOT THEORY AND EXACTLY SOLVABLE STATISTICAL MODELS
M. Couture
given at University Laval, Quebec, 1989 Oct. 15.

THE FUNDAMENTAL STRUCTURE OF MATTER
M. Harvey
Ontario Science Teachers Seminar, Ottawa, Ontario, 1989 Oct. 18-21
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8. FUSION

8.1 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 follow in their proper context, the objec-
tives and strategy of the NFP are given as a preamble.

8.1.1 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).

8.1.2 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.

8.2 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.

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.

Highlight

Work was started on a complete revision of the NFP brochure,
"Fusion, Energy for the Future". This publication has been
widely distributed, about 8000 copies to date, in English and
French. It has proven to be a highly effective communications
tool. This revision will include updated material on fusion and
the environment and on the ITER project.

8.3 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 Varennes 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.

The machine has unique features: for example, it is the world's only
fusion experiment operated by an electrical 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
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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

• The Conseil d'Administration of the CCFH approved the center's
organizational structure which provides for two main divisions,
a Research Group and an Operations Group, each subdivided into
five program sections. Directors of the groups and heads of
sections were named and approved.

Staff of CCFM presented the conceptual design of a radio
frequency current drive system to the Design Review Committee in
December. The committee, composed of international experts in
this field, strongly commended the CCFM team and endorsed the
design and the program.

. The construction of the machine upgrade continued throughout this
reporting period. CCFM staff presented 12 papers at the APS
Division of Plasma Physics conference in November. A CCFM
exhibit was presented at the World Energy Conference in Montreal
in September.

8.4 Canadian Fusion 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 by equal contributions from AECL (through the NFP), Ontario
Hydro and the Ontario government (Premier's Fund for Science and
Technology). 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 work, together
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.
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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

Funding has been approved to proceed with the detailed design of
the Tritium Technology Facility to the 75Z complete level. This
will permit accurate estimates of the costs in preparation for
commitment to construct the Facility.

Under contract to CFFTP, CRNL has developed the technique for
production of small (1-2 mm) spheres of lithium zirconate, a
candidate breeder blanket material for fusion reactors. Test
batches are now being prepared, for irradiation in the FFTF
reactor at Hanford.

• A contract to supply an analytical gas chromatograph system,
valued at $330 k, was won in competitive bidding over two other
suppliers, and in spite of not being the lowest bid. This is the
first hardware supply contract from JET to CFFTP.

8.5 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
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.
Canada participates in ITER by means of an agreement with the European
Community. 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.
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Highlight

W.J. Holtslander, Manager of the International Program, was based
in CFFTP for the latter part of the reporting period in order to
facilitate collaboration with A.G. Brace of Ontario Hydro on the
development of new bilateral agreements with the European
Community.

8.6 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 established,
but the option is retained in the NFP. Activity is now confined to a
monitoring role and in providing assistance to Canadian researchers.
Research programs in inertial confinement are currently carried out in
Canadian universities.

Highlight

A foundation group, comprising influential figures from Alberta
under the leadership of the Alberta Research Council, was formed
to study the feasibility of establishing an inertial confinement
fusion project in Edmonton. Three ministries of the Alberta
government contributed to funding this study, as did AECL through
the NFP.
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