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INTRODUCTION - J.C.D, Milton

This seventh semi-annual report on Physics and Health Sciences covers a
period in which AECL's financial problems became acute. In March the
Minister of Energy, Mines and Resources, who is responsible for AECL,
announced that AECL's Research Company could begin operation in the 1989/90
fiscal year as though its parliamentary vote were the same as in the
previous fiscal year, pending a 90-day review of the future of the entire
nuclear industry. The Company thereupon instituted strict financial
controls, including a hiring freeze. One of the many unfortunate
consequences of this action was that Physics and Health Sciences was forced
to cancel its Research Fellow Program. A second has been our inability in
some cases to replace expertise, when that expertise resided in a sole
individual who left our employ.

In March of this year Dr. A.M. Marko retired after almost 28 years of
distinguished service to AECL, 24 of them as Director of what became the
Health Sciences Division. Dr. Marko's unique experience in medicine and
biology is sorely missed and impossible to replace. Art's contribution to
AECL and Canada went far beyond that of a Division Director. These
contributions were celebrated at a highly successful "Workshop/Symposium on
Radiation Protection: Past and Future" held at Chalk River 1989 March 20-
22, at which noted speakers from four countries paid tribute to him.
Dr. Marko has retained some of his responsibilities, notably those with the
AECB, and ve wish him well with those, and with his retirement. We are
fortunate that Dr. D.K. Myers agreed to step in as Acting Director of the
Health Sciences Division. Dave is an internationally recognized expert on
the estimate of risk for ionizing radiation on humans and is well-qualified
to take over most of the duties discharged by Dr. Marko.

In March, following the retirement of Dr. Marko, Physics and Health
Sciences underwent a minor reorganization as will be noticed on the title
page of this report.

The setting up of technical review committees is now complete with
committees for the Health Sciences, TASCC, Physics and Fusion. The
rotation of members through the committees is now well advanced. The third
annual review of TASCC was completed this Spring with the program receiving
high praise, particularly for the progress made in commissioning the
superconducting cyclotron. This year, a decision was taken to review the
Physics programs only every second year, and accordingly there was no
review this Spring. Previously, it had been decided not to review all the
Health Sciences programs every year: this year it was the turn of the
radiobiology and dosimetry programs, since the environmental program had
been reviewed last year. The review was again highly supportive and made
several suggestions for new programs should additional funds become
available. There were also suggestions for improving the focus of our
programs. The role of the fusion committee is rather different, strategic
rather than programmatic review is required since each element of the
program has its own technical review committee. Members of this committee
are appointed for one year only to address specific strategic issues.
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Some Highlights from this Report

The end of the period covered in this report marks the first anniversary of
the setting up of the TASCC Commissioning Group. The group has been
extremely successful: eleven beams have now been extracted from the
cyclotron, including one with the radio frequency system operating in the 7t
mode, the first cyclotron ever to accelerate in such a mode. All this was
accomplished while a flourishing experimental program was being carried out
on the tandem. Beam was available for 90% of the scheduled operating time
and 76% of the total time.

July 31 also marked the completion of the first year of operation of our
three major pieces of equipment - the 87r spectrometer, the on-line isotope
separator and the large scattering chamber - were installed and
commissioned in their permanent locations. The 871 spectrometer has been
particularly productive. Great advances have been made in the computer-
assisted methods for analyzing data, particularly the now abundantly
available triple coincidence data. These data led to the discovery of the
first nucleus, 153Dy, to exhibit more than one superdeformed band. A
second major accomplishment was the installation of the prototype miniball
particle detector surrounding the 87r target; 8i\ gamma experiments may now
be done in coincidence with particles.

In June, approval was received for the purchase of the Phase II
Experimental Computing Facility. This is expected to be operational in
part early this winter and fully operational next summer.

A major review article has been written on the presence and changing
magnitude of the Bose condensate in liquid 4He, and how they affect the
superfluid phase. It appears that we are nearing a complete understanding
of the phenomena.

Excellent progress is being made on DUALSPEC, the double neutron
spectrometer jointly funded by NSERC and AECL. The C2/C5 face of the NRU
reactor has been cleared and the way paved for the installation of
DUALSPEC. The current schedule calls for commissioning early in the summer
of 1990, at which time AECL and university users will have a diffractometer
100 times more powerful than presently available as well as an intense beam
of polarized neutrons in a state-of-the-art triple axis spectrometer.

Design work is proceeding on a liquid hydrogen cold source to be installed
in NRU with the third vessel, sometime in the early nineties.

In a rapid response to claims of the discovery of cold fusion, an
electrolysis system with palladium electrodes surrounded by sensitive, well
shielded neutron detectors was set up. A variety of cells were
investigated but no neutron enhancement over background was detected. A
second set of experiments investigated the system of deuterated titanium
with the same negative result.
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A study has been made of the residual radioactivity in food following
irradiation by 7 rays from G0Co or 137Cs, bremsstrahlung with a 5 MeV
endpoint, and 10 MeV electrons. The conclusion is that for the dosages
needed for sterilization, the induced radioactivity is less than 0.25% of
that already present in the food.

The Natural Sciences and Engineering Research Council and the United States
Department of Energy have given substantial funding commitments to the
Sudbury Neutrino Observatory provided that the remaining funds can be
assembled. This is an important milestone for the proponents and the
remaining funds are being vigorously pursued. The detector design now
incorporates a spherical rather than a cylindrical tank for the heavy
water. Considerable work on the purity of acrylic is continuing.

The extensive theoretical work en multiple scattering of heavy ions that
has been done at Chalk River over many years appears to be extendable to
relativistic energies, a region in which there is great interest.

At the third Canada-Europe fusion bilateral meeting held at NET in June,
Canada's contribution to NET, JET, and ITER received enthusiastic
endorsement. Work has begun on a revised Memorandum of Understanding on
fusion between Canada and Europe.

Attachments of Drs. H. and G. Pacher of le Centre canadien de fusion
magnetique (CCFM) to the NET project were negotiated and approved. This is
an important step in bringing to bear the resources of both Canadian
projects, CCFM and CFFTP in the NET/ITER arena. Formerly all Canadian
participation was through CFFTP.

Publications and Talks

The number of publications and talks in the Physics area of Physics and
Health Sciences in 1988 remained high. The results are:

Calendar
Year

1986

1987

1988

Full
Publications

57

88

64

Unrestricted
ReDorts

0

4

31

Scientific
Talks

100

86

99

Public Affairs
Talks

44

57

67
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1. SUMMARY
J.C. Hardy, J.S. Geiger, H. Schmeing

Topical Review by J.S. Forster
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1.1 GENERAL

With the end of this reporting period we mark the completion of our first
year of operation since the 8JT spectrometer, the on-line isotope separator
and the large scattering chamber were installed and commissioned at their
permanent locations. It is also one year since 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. In order to give the
Commissioning Group a reasonable opportunity to achieve its goals and, at
the same time, allow successful experimental programs to develop, it was
decided to restrict physics experiments to tandem beams only, leaving the
full attention of our cyclotron group available for the demanding
requirements of commissioning.

The results have been very gratifying. Our research programs are
flourishing, having used 2055 hours of tandem beams in the last six months
of 1988 and 2514 hours in the first six months of 1989. Even more
significantly, the cyclotron performance has improved dramatically.
Twelve months ago, we had only two beams to our credit (127I at 5.6 and 10
MeV/u) and a number of technical limitations to deal with. Today, we have
accelerated and extracted eleven beams, including the first ever produced
with the cyclotron r.f. system operating in jr-mode. We are confident that
the cyclotron is now capable of delivering beams over a large part of its
specified range. For it to be fully operational, only high-power n-mode
and high-voltage deflector operation remain to be established.

We are now in a position to make the cyclotron available again for physics
experiments, and expect that it will be so used very shortly. Naturally,
the commissioning work will continue with barely reduced urgency.

During the six-month reporting period, tandem beams were used, either for
experiments or development purposes, for a total of 3313 hours. This beam
time was 90% of the scheduled operating time and 76% of the total time
available. The latter figure is up 8% from the previous six-month period.

As is usual by now, essentially all experiments were collaborative
endeavours involving university and other non-TASCC scientists as well as
our own staff. This period, the former contributed 54% of the total
laboratory research effort. We believe that this continued high level of
outside involvement in TASCC experiments reflects the quality of our
facilities and the hospitality we offer. Of particular significance in
this context is the purchase, approved recently, of a new Concurrent 3280
computer, which will be used for data analysis and as a back-up for data
acquisition. This should ease the current congestion in computer usage,
which threatened to bottleneck the whole facility.

The remaining work on installation of beam lines and a second negative-ion
injector — referred to as TASCC Phase II — is nearing completion, still
ahead of schedule.
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1.2 TOPICAL REVIEW - MEASUREMENT OF SHORT NUCLEAR LIFETIMES BY
CRYSTAL BLOCKING TECHNIQUES

The crystal-blocking technique for measurement of nuclear lifetimes in the
range T<10'1S S, where nucleon emission dominates the decay, has been used
at CRNL since the early 1970's to study the time-evolution of heavy-ion-
induced fission (J.U. Andersen et al., Dan, Vidensk. Selsk. Mat.-Fys.
Medd. 40 (1980) 7). Basically a time-of-flight technique, it utilizes the
fact that displacements of target atoms from lattice sites by more than
the thermal vibration amplitude (-O.lA) can be distinguished by a filling-
in of the blocking dip in the yield of emitted charged particles.

Most of the work on compound-nuclear lifetimes observed in heavy-ion-
induced fission has been carried out here with relatively light (C to F)
beams on heavy crystal targets (Ta, W, Au). The lifetime sensitivity of
the technique depends on the distance that the compound nucleus moves away
from the lattice site; this is just the product of the compound-nucleus
velocity and the mean lifetime before decay. In the reactions mentioned
above, our lifetime sensitivity was limited to ~10"17 s. Nevertheless, in
our study of Pb compound nuclei produced by 160 bombardment of a W
crystal, we observed that 25% of the fission decays had a lifetime longer
than 10"17 s.

With the higher-energy heavy-ion beams now available at TASCC, it is
possible to probe much shorter lifetime values. With a heavy-ion beam
such as Ag bombarding a light, crystal target such as Ge, the compound-
nucleus recoil velocity is about an order of magnitude greater than in the
earlier measurements, thereby decreasing our lifetime limit to ~10-18 s.

The combination of a Ag beam on a Ge target crystal has a further
advantage: the beam energy can be chosen so that the kinematics of the
fission decay result in the binary fission fragments being emitted along
two major axes simultaneously. If a 4-4 MeV/u 107Ag beam bombards a Ge
crystal target, the binary fission fragments will be emitted along two
<111> directions at ±35.26° to the beam (the angle between two <111> axes
is 70.53°). This condition is referred to as "double alignment" and so
far has only been observed for simultaneous channeling and blocking (as
compared to blocking and blocking for fission). In double alignment, a
coincidence measurement is much more sensitive to a long-lived component
if a window is set on one blocking dip (within the crystal angle) and the
corresponding dip in the other detector measured.

Preliminary measurements of this type were made with an 127I beam to
bombard a Ge crystal target, and indicated that our angular resolution is
adequate to make the Ag-on-Ge measurement.

A recent application of the crystal-blocking technique has been in the
measurement of time delays in projectile fragmentation from peripheral
collisions. In such reactions, a primary fragment is produced, on a very
short time scale, that subsequently decays by light-particle (p, n, or,
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etc.) emission to a secondary fragment that is detected experimentally.
Such blocking-lifetime measurements have been attempted at GANIL (J. Gomez
del Campo, Nucl. Instr. and Meth. in Phys. Res. B24/25 (1987) 447) by
bombardment of a 10 /im thick Ge crystal with a 44 MeV/u *°Ar beam.
Blocking patterns of fragments with atomic number from 10 to 18 were
measured and lifetime values derived from the change in area of the
blocking dip as a function of angle to the beam. The data, unfortunately,
had a large scatter because of poor counting statistics. Also, it was a
singles measurement, which makes it impossible to distinguish between
primary fragments that do not subsequently decay and secondary fragments;
as well, it is impossible to determine the initial recoil direction of the
primary fragment produced in the collision. Similar measurements with
TASCC beams, but also requiring a coincidence with light particles in a
forward array, should make it possible to deduce the primary fragment
recoil direction as well as its atomic number.

1.3 RESEARCH

The activity levels in the research programs have continued to build
during this reporting period. This, in spite of the imposed restriction
to tandem-only beams, a situation that will change in the next few months.
A miniball detector array, which adds a particle-detection capability to
the 8JT spectrometer, successfully passed initial tests.

The 8TT collaboration was successful in discovering the first example of a
nucleus that exhibits more than one superdeformed band. The application
of new analytical techniques to both doubles and triples coincidence data
led to the identification of three such bands in the nucleus 153Dy. The
second major advance reported by members of the 3n and particle groups was
the successful commissioning of the miniball particle-detector array.
Included in the tests was the measurement of charged-particle evaporation
spectra from reactions populating high-spin states in 39K and 133Nd. Other
8n experiments led to copious amounts of spectroscopic data for a large
number of rare-earth nuclei.

The ISOL program included an experiment mounted by four visiting
scientists from the Institute of Modern Physics, Lanzhou, The People's
Republic of China. This experiment provides decay-scheme information for
120Ba and 132Nd. In other experiments production-rate studies were carried
out for certain Br isotopes in preparation for a repeat measurement of the
72Br-73Br mass difference under improved conditions. Similar production-
rate tests were carried out for 59Zn and 61Ga in preparation for precision
half-life measurements on these two superallowed fi emitters. Outstanding
questions on the decay scheme of 1419Gd were resolved in a collaborative
experiment led by McGill University scientists. A review article has been
written which critically evaluates the current status of superallowed £
decay.

The reaction physics group continues to analyze data from the experiment
carried out at MSU. Preparations are well advanced for a follow-up
fragmentation experiment, execution of which is being delayed by schedule
slippage at MSU.
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Collaborative experiments at Queen's University saw progress on three
fronts. The search for resonances in the spectrum from positron
annihilation in flight is continuing with apparatus showing much greater
sensitivity than that which gave the null results previously reported. A
new technique for profiling hydrogen-atom distributions in thin films was
demonstrated for the first time and the effect of anodic oxidation on the
near-surface deuterium concentration in Zr-2.5 vt% Nb was studied.

1.4 INSTRUMENTATION AND FACILITY DEVELOPMENT

The ISOL group worked to improve the reliability and capabilities of the
helium-jet ion source. Improvements were made to the fast tape-transport
station, which have rendered its operation routine. A procedure has been
developed for analysing large sets of precision half-life data, which is
free of the bias introduced when hundreds of individual small sample
values are statistically averaged.

Good progress has been made in the work on the small phoswich array being
built for use with near-term TASCC beams. The first production detector
module was tested with tandem beams, the machining and measurement of all
the heat-pressed scintillator elements was completed and the detailed
design of the detector housings and support structure was completed. Work
was done on the various detector systems that CRNL is providing for the
forthcoming MSU fragmentation experiment.

The major development in Data Acquisition has been the approval of the RFA
for the TASCC Phase II Experimental Computing Facility and the placement
of major component orders on June 29.

Careful measurements were made of the pulse height response, timing and
pulse-shape-discrimination capabilities of the CsI(Tl)-photodiode
scintillation detectors that are used in the 8n miniball. Support was
provided to scientists from NRC and the University of Chicago in the
testing of their Low Energy Particle Analyser with TASCC tandem beams.
This instrument will be used for experiments in space. Final tests were
carried out on the time-zero detector developed by A. Galindo-Uribarri and
T.E. Drake of the University of Toronto.

In addition to providing our continuing target needs, the target group
prepared material for other branches within CRNL.

The capability of doing 14C accelerator mass spectroscopy has been
restored and further progress made in developing satisfactory 36C1
detection.
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Work in support of cyclotron development and operation saw significant
improvement to the cyclotron mid-plane measurement platform, improvements
to the extraction-probe operation, design and partial manufacture of a
4-element probe head, and equilibrium charge-state distribution
measurement. A good deal o' theoretical work was done toward prediction
of the effects of betatron oscillations and fringe field on the cyclotron
orbits with a view to identifying factors limiting extraction efficiency.

1.5 PHASE II

Installation and commissioning of the TASCC Phase II beam-transport system
magnets and power supplies was completed except for those tests requiring
accelerator beam. Beam-line installation was completed to locations T6
and T7 and the work continues to be slightly ahead of schedule.

1.6 ACCELERATORS

The tandem accelerator continued to operate very satisfactorily during the
period, producing beams for nuclear physics experiments in the tandem-only
mode and for beam-development purposes with the cyclotron. Experiments
were carried out at terminal voltages as high as 14.25 megavolts. The only
major incident with the tandem was breakage of one of the high-energy
chains early in the period. These chains were already questionable in
their integrity, having operated more than 40,000 hours — twice their
expected 20,000 hour lifetime. A set of used chains, having approximately
20,000 hours logged, was installed. Meanwhile, a set of new chains has
been acquired and will be installed when further problems develop. The
Vivirad resistors continue to perform satisfactorily, although the high-
energy column resistors show a slight reduction in resistance and will be
monitored closely.

The cyclotron operated for beam-development purposes during the period,
which was again a time of extraordinary effort for the entire TASCC Beam
Commissioning Group. By now the total number of available beams has
reached eleven:

I 127 at 11 MeV/u Ag 107 at 13 MeV/u Br 79 at 10 MeV/u
I 127 at 10 MeV/u Ag 107 at 11 MeV/u Br 79 at 6.5 MeV/u
I 127 at 5.6 MeV/u Ag 107 at 10 MeV/u
I 127 at 5.12 MeV/u (TT) Ag 107 at 6.5 MeV/u

Ag 107 at 5.6 MeV/u

Twelve months ago, with only two beams available, the decision was made to
devote all our efforts to improving the performance of the machine by
rigorously attacking all known problems, even to the exclusion of
experimental work with the cyclotron by facility users. With the
successful extraction of the beams listed above, we have now reached the
end of this period. From September 1989 on, the listed beams will be
available to facility users, and the development of new beams will
alternate with supplying cyclotron beams to experimenters.



1-6

While not all goals have been fully achieved, much progress has been made
both in the understanding of the orbit dynamics, and in the development of
auxiliary hardware. The two most helpful new diagnostic devices are the
extraction-channel probe and the six-finger array. The extraction-channel
probe allows us to track the beam trajectory along the long, narrow and
curved extraction channel. The probe head consists at the moment of two
current-sensing jaws (right-left) which will soon be replaced by a system
of four jaws (up-down, right-left) mounted on a long flexible drive strip.
The six-finger array, a six-jaw aperture system, provides information
about beam spill at the entrance of the extraction channel. Without these
devices, many beams would likely not have been extracted. At the
cryogenics plant, a second screw compressor and an auxiliary plant-
monitoring system have been installed. The main magnet is now monitored
under satellite computer control. The r.f. driver amplifier was rebuilt
and new tuning procedures were established. Numerous improvements were
made in the probe computer, the control computer and in the beam dynamics
code SUPERGOBLIN. A precision measurement bridge has been built to locate
accurately all components in and near the midplane. Also, a collapsible
tuner and flexible supply lines have been designed to allow us to open and
close the cyclotron within a few hours.

The measured extraction efficiency of beam from the cyclotron ranged from
acceptable (15-20£) to good (50£). There appears to be a trend that beams
of higher energy are easier to extract with higher efficiency. Much
effort was spent investigating this limitation, to which many machine
parameters contribute; in particular, attention was paid to the aperture
imposed on the beam between the electrostatic deflector and the end of the
extraction channel.

The deflector itself continues to give us problems. Although we spent
five weeks systematically studying its failure mode, the reason why it
cannot be operated above half the maximum specified voltage is unclear.
One of four fall-back positions might have to be resorted to in the future
to obtain cyclotron operation over the full specified range: (i) the
incorporation of a second deflector, (ii) the use of "porticoes" in the
present deflector to limit local gradients, (iii) the use of dialectrics
in the deflector spark gaps, or (iv) narrowing the 7 mm wide deflector
gap, accepting further transmission losses.

The overall facility operating record is given in Table 1.6.1.
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TABLE 1.6.1

TANDEM AND CYCLOTRON OPERATING RECORD

1989 January 1 - June 30

Time (hours)
Tandem Cyclotron

Beam Available
Beam Development
Scheduled Shutdown
Unscheduled Shutdown

Total elapsed time

2513.6
798.9
681.7
348.8

0.0
437.9
3830.5
74.6

4343.0 hours

1.7 PUBLICATIONS. DOCUMENTS & TALKS

Publications

THE DIRECT DETERMINATION OF THE MASSES OF UNSTABLE ATOMS WITH THE CHALK
RIVER ON-LINE ISOTOPE SEPARATOR
K.S. Sharma, H. Schmeing, H.C. Evans, E. Hagberg, J.C. Hardy and
V.T. Koslowsky
Nuclear Instruments and Methods in Physics Research A275 (1989) 123

THE DECAY OF 20Na: MEASUREMENTS OF ISOSPIN MIXING AND THE WEAK VECTOR
COUPLING CONSTANT AS WELL AS OTHER NEW DECAY
E.T.H. Clifford, E. Hagberg, J.C. Hardy, H. Schmeing, R.E. Azuma,
H.C. Evans, V.T. Koslowsky, U.J. Schrewe, K.S. Sharma and I.S. Towner
Nuclear Physics A493 (1989) 293-322

Conference Abstracts and Submissions

MEASUREMENTS OF THE MASS DIFFERENCES OF LIGHT INDIUM ISOTOPES
E. Hagberg, K.S. Sharma, G. Dyck, V.T. Koslowsky, H. Schmeing and
J.C. Hardy
Conference abstract submitted to The Eastern Regional Nuclear Physics
Conference, Quebec City, P.Q., 1989 March 17-19.

PRECISE 0-DECAY HALF-LIVES FOR THE DETERMINATION OF THE WEAK VECTOR
COUPLING CONSTANT
V.T. Koslowsky, E. Hagberg, J.C. Hardy, H. Schmeing, K.S. Sharma and
X.J. Sun
Conference abstract submitted to the XXIII Yamada Conference, Toyonaka,
Osaka, Japan, 1989 June 12-15.
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MEASUREMENTS OF THE MASS DIFFERENCE OF LIGHT INDIUM ISOTOPES
E. Hagberg, V.T. Koslovsky, H. Schmeing, J.C. Hardy, K.S. Sharma and
G. Dyck
Conference abstract submitted to the 1989 CAP Congress, University of
Guelph, Guelph, Ontario, 1989 June 26-28

Talks

TASCC: A NATIONAL INSTITUTE FOR PROBING THE ATOMIC NUCLEUS
J.C. Hardy
14th Annual Science Teachers' Seminar, 1989 April 6,7,8.

SUPERALLOWED NUCLEAR 0 DECAY AS A PROBE OF THE STANDARD MODEL
J.C. Hardy
Invited ta lk presented at the Internat ional Symposium on Weak and
Electromagnetic Interactions in Nuclei, VEIN 89, Universite de Montreal,
May 14-19, 1989.
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T A S C C S T A F F

2.1 TASCC DIVISION

Director:
Secretary:

J.C. Hardy
R.J. Elliott

2.2 NUCLEAR PHYSICS BRANCH

Branch Manager: J.S.
Secretary: H.C.

Professional Staff

T.K. Alexander
H.R. Andrews
G.C. Ball
V.G. Davies
J.S. Forster

E. Hagberg
D. Horn

V.T. Koslowsky
B.C. Radford (1)

D. Ward
S. Yuan (2)

Research Fellows

V. Janzen (3)
C. Pruneau

Students

P. Maheral
D. Vannest
S. Narayanan
I. Neeson
Y. Picard

Co-op
Technical
National
Co-op
External

Geiger
Yeas

Technical Staff

N.C. Bray
R.L. Brown
L.H. Bucholtz
P. Dmytrenko

J.J. Hill
R.E. Howard
P.J. Jones
J.D. Lori
B.V. Luloff
J.P.D. O'Dacre

Waterloo
U. of Ottawa
Concordia
Waterloo
Manitoba

W.

F.
W.
L.
A.
R.
M.
R.
M.
T.

89 Jan.
reported
reported
89 May 1
89 May 2

L.
D.
J.
F.
V.
R.
W.
G.
B.
J.
G.

2 -
89
89
-
-

Perry
Phillips
Sharp
Slater
Smith
Sprake
Stalkie
Steer
Walker
Watson
Whan

Apr. 26
May 4
May 15

Aug. 31
Aug. 11
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Attached University Staff

F. Banville
S. Cournoyer
T. Drake
G. Dyck
S. Flibotte
A. Galindo-Uribarri
J. Gray (4)
J. Guo (5)
B. Haas
J. Johansson
M. Liu (5)
S. Monaro
N. Nadon
S. Pilotte
D. Prévost
D. Rajnauth
R. Roy
K.S. Sharma
C. St-Pierre
P. Taras
D. Thibault
D. Townsley
X. Tran (6)
S. Xu (5)

Montréal
Montréal
Toronto
Mani toba
Montréal
Toronto
Deep River Science Academy
IMP, Lanzhou, China
Montréal
McMaster
IMP, Lanzhou, China
Montréal
Montréal
Montréal
Montréal
McMaster
Laval
Manitoba
Laval
Montréal
Montréal
Manitoba
Hamilton
IMP, Lanzhou, China

2.3 TASCC ACCELERATORS AND DEVELOPMENT

Branch Manager
Secretary:

Professional Staff

L.B. Bender
B.F. Greiner
P.I. Hurley (7)
Y. Imahori

E.H. Lindqvist
J.W. McKay (8)
G.R. Mitchel (9)
E.P. Stock (10)

L.W. Thomson

H. Schmeing
L.C. Gauthier

Technical Staff

6.L. Backmeier
G.J. Corriveau (11)
R.E. Milks
D.L. Schroeder (12)
R.R. Tremblay
S.G. Whittle
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Operational Staff

Supervisors

F.A. Galloway
G. Hodgson

T.G. Kosmack
T.W. Ryan
R.E. Stresman

Operators

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

Barrington
Corriveau
Corriveau
God in
Kennedy
Lafreniere
McMahon
Noel
Schroeder
Schultz

Students
David Barentsen
Kathy Brown
Gilles Pillon

Coop Waterloo Reported 1989 May 1
DRSA* Queen's Reported 1989 May 15
Work term Cambrian College 1989 Mar 6 - Apr 28

*Deep River Science Academy

(1) On Sabbatical leave at the Neils Bohr Institute in Copenhagen; 1989
March 13 to July 15.

(2) Visiting Scientist from the Institute of Modern Physics, Lanzhou,
The People's Republic of China.

(3) Jointly supported by McMaster University and TASCC.
(4) Attached from the Deep River Science Academy, 1989 May 1 to 1988

August 31.
(5) Member of experimental team from the Institute of Modern Physics,

Lanzhou, The People's Republic of China; arrived 1988 March 15.
(6) Terminated 1989 June 9.
(7) Transferred to Reactor Operations-NRU Branch 1989 May 15.
(8) Joined TASCC A & D Branch 1989 May 16 from Yale University.
(9) Transferred to TASCC A & D from Accelerator Physics on 1989 May 01.
(10) Transferred to Reactor Loops Branch 1989 June 19.
(11) Started Leave of absence on 1989 Jan. 04; terminated from A.E.C.L.

on 1989 June 01.
(12) Transferred to TASCC A & D from Major Facilities Services Branch on

1989 Feb. 03.
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3.1 RESEARCH

3.1.1 Study of High-Spin States in 39K

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

The nucleus 39K is very interesting because of its relationship to the
doubly magic 40Ca nucleus. In 39K, the ground state consists of a d3/2
proton hole coupled to the 0+ ground state of 40Ca. There have been some
studies of the high-spin states of 39K (P.J. Nolan et al., Phys. G: Nucl.
Phys. 7 (1981) 189 and H.H. Eggenhuisen et al., Nucl. Phys. A305 (1978)
245); however, there are several aspects of the spectroscopy and
properties of the levels that are uncertain.

An experiment was performed to: a) explore high-spin states in 39K,
b) test a particle-identification technique with pulse-shape
discrimination on a small 1 x 1 cm2 CsI(Tl) crystal coupled to a 1 x 1 cm2

photodiode, and c) integrate one channel of the proposed charged-particle
miniball (PR-PHS-P-7: 3.2.10; AECL-9995) into the 8n spectrometer data-
acquisition system. Two reactions were studied: 28Si on 12C and 28Si on
160 at a beam energy of 60 MeV.

The CsI(Tl) detector was placed 1.3 cm from the target at zero degrees to
the beam, inside a very thin aluminum vacuum chamber cap that replaced the
standard cap used with the 871 spectrometer. An 1.5 mm thick tantalum
collimator with an 8 mm hole was placed in front of the CsI(Tl) crystal.
The 12C and 160 targets were multi-layered. We used 45 /zg/cm2 and
192 /ig/cm2 foils of 12C, and a 200 /ig/cm2 foil of 160 (as W03). Both 12C
and 160 foils were backed with a thin layer of Au (50-150 fig/cm2) followed
by a thick layer of Pb (12 mg/cm2) and finally a layer of Au (25 mg/cm2).
The total thickness corresponded to about three times the range of the
beam particles in Au. These targets stopped the beam but allowed passage
of evaporated light particles.

The particle-identification technique is based on the time difference
between a time zero or reference time (determined independently of the
detectors), and a time that reflected the varying response of CsI(TI) to
different ionizing radiation. The time-zero signal was extracted from the
BG0 ball analog "fold" signal which is effectively the mean event time of
the gamma-ray flash averaged over all responding BGO detectors. The
response time of the CsI(Tl) crystal was derived from the cross-over time
of the shaped output pulse.

In this exploratory run, we were able to see up to the highest spin level
known in 39K. We were able to assess the capabilities of a particle
detector when used in conjunction with the 8n spectrometer and its ability
to select reaction channels. Analysis of these data is underway.
Comparing results from the 12C and 160 targets, we noticed large
differences in the proton, deuteron and alpha evaporation spectra, for
example the widths, shapes and centroids. These dat^ permit an assessment
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of the sensitivity of the instrumentation to very small effects in the
charged-particle evaporation spectra. This study will be resumed with the
full miniball array.

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

C. Pruneau, G.C. Ball, E. Hagberg, D. Horn and M.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) and D. Cebra, S. Howden, J. Karn, C. Ogilvie,
A. Vander Mollen, G.D. Westfall, J. Winfield and K. Wilson (NSCL
Michigan State University)

In a recent experiment, highly-excited nuclear matter was produced in the
reaction of 35 and 45 MeV/u 20Ne with a variety of targets. The
multiplicity and kinematic distribution of charged fragments produced in
each collision were measured with an assembly of two phoswich arrays
covering nearly 4n steradians, and were used to deduce an approximate
impact parameter for each event. Details of the experiment were presented
in the previous progress report (PR-PHS-P-6: 3.1.3; AECL-9859). Analysis
of the approximately 600 parameters in this experiment has progressed
significantly in the past half year.

A set of mapping coefficients to permit superposition (and common gating)
of all 170 "ball" detectors was determined at Michigan State University
and implemented in our playback. For both phoswich arrays, we determined
three sets of particle identification gates, one for each trigger mode
(forward array, ball, and Si telescope). The Si telescope stack was
calibrated and the calibration compensated for dead layers, thresholds,
etc. in the silicon detectors. It was noted that low-amplitude pulses
from the thinnest (100 /jm) Si surface-barrier detector were not encoded
with 100? efficiency, possibly because of triggering difficulties with the
Silena ADC. The effect on our analysis is that the number of low-energy
(£30 MeV) protons is undercounted by approximately 20% as are the numbers
of other hydrogen isotopes.

The trends of impact parameter behavior with total projectile-like element
number, 2Zfwd, and number of charged particle hits in the 4n array, Mball,
were compared with simulated events generated with the code FREESCO (Fai
and Randrup, Nucl. Phys. A404 (1983) 551) and ZACPF (A. Bonasera et al.,
Nucl. Phys. A483 (1988) 738), filtered by the experimental geometry and
thresholds- The expected impact-parameter dependence was confirmed:
events with high Mball and low 2ZfMd represent the most central collisions,
while events with low Mball and high 2Zfwd come from peripheral collisions.

When event selection is biased by the requirement of a trigger from the Si
telescope at Qi.ab=47°, more central collisions are emphasized, though a
wide range of impact-parameter values is still sampled. The fragment mass
and energy distributions observed in the telescope were compared for the
more central (Mball>4, ZZfwd<2) and the more peripheral (Mball<l, ZZfud>5)
collisions. The relative production at 9lab=47

<> of massive fragments
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(normalized to 1H yield) is significantly greater for central than for
peripheral collisions. Indeed, the particle-identification spectra change
much less between the 35 and 45 MeV/u beam energies than they do between
the central and peripheral cases for a fixed energy. A similar impact-
parameter comparison of the fragment energy spectra for alpha particles
shows more (low-energy) target evaporation particles in peripheral events,
but no significant difference in the spectrum slope at higher energies,
from which a kinematic temperature might be extracted. The analysis of
projectile/target mass asymmetry effects is in progress.

3.1.3 Production Rate Tests of T,.=-l/2 Isotopes; 59Zn and 61Ga

E. Hagberg, V.T. Koslowsky, J-C. Hardy, H. Schmeing with S. Yuan
(Institute of Modern Physics, Lanzhou, The People's Republic of
China), K.S. Sharma and G. Dyck (University of Manitoba)

The Tz=-l/2 series of known superallowed $ emitters presently end with
59Zn. Heavier members of this chain appear to be accessible with modern
accelerators. The main problem in observing the decay of this series of
nuclides is the combination of low production rates and short (about
100 ms) half-lives. The low production rates of the nuclides of interest
and the abundant production of their neighbours necessitates the use of
isotope-separation techniques. However, such techniques work on a fairly
long time-scale and thus substantial decay losses of the activity of
interest are inevitable.

We have previously attempted to study the decay of 61Ga with the on-line
isotope separator equipped with a FEBIAD ion source. We did see 116 ms
62Ga (PR-P-126: 2.21; AECL-7055) but not the less abundantly produced
61Ga. The FEBIAD source is based on diffusion of the radioactivity out of
a graphite catcher and this process limits the efficiency for very short-
lived nuclides. Our newly developed helium-jet ion source obviates this
problem and therefore appears to be better suited for short-lived
activities.

A production-rate test with the helium-jet ion source was performed. Once
again we did see 62Ga but not 61Ga or 59Zn. However, we were able to
reduce our observed production rate limits for these nuclides and to prove
that the predicted cross sections for the 28Si on 40Ca reactions channels
leading to these nuclides are much too large.

The efficiency of the FEBIAD source for 63Ga(31s) and 62Ga(116 ms) was
about 10 times higher than the helium-jet system. The lower efficiency
and the worse-than-expected performance of the helium-jet system for
short-lived activities probably does not reflect the properties of the ion
source but rather our lack of a suitable, fast-sweep-out, helium-filled
target chamber suitable for the long recoil distances characteristic of
heavy-ion beams. Until such a chamber is developed, short-lived
activities can be studied efficiently with an existing target chamber but
only if they can be produced with light ion beams.
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3.1.4 Preparation for Direct Mass Measurements of Bromine Isotopes

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

A direct mass measurement with the on-line isotope separator is optimized
when the 7-ray yields of the isotopes, whose masses are to be matched, are
equal and high. It is therefore advantageous to spend some time finding
the best experimental conditions before a mass measurement is launched.

Our successful indium mass measurement (PR-PHS-P-6: 3.1.8; AECL-9859)
proved that we can measure masses with the ISOL with a much higher
precision than we could in the past (PR-P-134: 2.10; AECL-7778). It is
therefore worthwhile to repeat our previous 72Br-73Br mass difference
measurement and achieve a better precision of the 72Br mass.

We have investigated the two reactions, 160 on Ni and 32S on Sc, for the
production of Br isotopes. Excitation functions for 7173Br were measured.
Our experimental data indicate that a 70 MeV beam energy is optimum for a
72Br-73Br mass measurement with 160 on Ni, whereas a 155 MeV beam energy is
the choice for 32S on Sc. At these energies on the natural targets, the
absolute production rates are the same for both reactions. However, it is
easier to obtain a high intensity 160 beam than a comparable intensity 32S
beam. Furthermore, the oxygen beam requires a tandem terminal voltage of
11.6 MV whereas the sulfur beam requires 14.1 MV.

The conclusion from our production test experiment is that a good Br mass
measurement is feasible with a 70 MeV 160 beam of at least 3 fiA intensity
on a 2.2 mg/cm2 thick target of natural Ni. Such an experiment will be
performed in the near future.

3.1.5 Search for Positron-Electron Annihilation Resonances

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

Since the previous progress report (PR-PHS-P-6: 3.1.1; AECL-9859), studies
and calculations have been carried out to obtain an experimental design
with improved sensitivity. In the new setup, the active Ge target
detector Do, in which positrons are produced by 6.13 MeV 7 rays, is
"viewed" by four 7.6 cm diameter by 7.6 cm long Nal(Tl) detectors at 90°
with respect to the -y-ray beam and at 90° to each other. In this
arrangement, triple coincidences resulting from gamma rays Compton
scattered from Do into one Nal(Tl) detector in coincidence with
bremsstrahlung detected in a second Nal(Tl) detector are almost completely
suppressed with an energy cut of 700 keV on the Nal(Tl) detectors.

In the present arrangement, there are four pairs of Nal(Tl) detector at
90° to each other and two pairs at 180°. The 180° pairs detect the
annihilation of positrons at rest and their coincidence rate measures the
incident flux. The 90° pairs measure the annihilation-in-flight yield.
The resolution of the experiment is determined by the Ge detector since
its spectrum is the complement of the E71+E^2 sum spectrum, i.e. E^1+E^2 =
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6.13 - E(Ge). Thus, the full efficiency of the Nal(Tl) detectors, for
pulses above the cut level, can be realized without loss of resolution on
the annihilation-in-flight energy spectrum.

Data have been obtained during a five-day run with the new experimental
arrangement. The data are being analyzed and more runs are planned.

3.1.6 Study of Collective Structures in m T e

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

The Te isotopes are unusual in that they exhibit quasi-vibrational
behavior over a remarkably wide range of neutron numbers. The ratios of
the energies of the first 4+ and 2+ states lie close to the vibrational
limit of 2.0 from N=58 (the lightest known) to N=78, at which point the
shell-model influence of the N=82 closure begins to dominate. Theoretical
calculations have for some time predicted shape changes at high spin,
related to single-particle oblate and moderately-deformed collective
prolate minima in the potential energy surfaces. However, the
experimental evidence has remained tentative.

The present search for structure changes in 114Te is a continuation of an
earlier McMaster study of n2.1n.n6Te (V.P. Janzen et al., McMaster Annual
Report 1985). That work revealed predominantly quasi-vibrational yrast
band structures up to medium spins, but with indications of single-
particle excitations in n6Te at the highest spins observed. Preliminary
reports from a Daresbury experiment on n7,ii8Te (D. Clarke et al.,
Manchester Annual Report 1986) also show irregular behavior above spin 16.
Thus, 114Te may be the heaviest isotope which retains some degree of
collectivity through medium spins. A key question is whether or not the
quasi-vibrational behavior continues at high spins. If so, this would be
a unique example of vibrational collectivity. In addition to the
possibility of single-particle excitations at high spin, rotational
structures similar to those found in the even Sn isotopes above spin 12
(H. Haradar et al., Phys. Rev. C39 (1989) 132) could make their
appearance.

The 94Mo(23Na,p2n)114Te reaction at 95 MeV was used in conjunction with the
87T spectrometer. Approximately 12xl06 and 72xlO6 gamma-ray coincidence
events were acquired with thick Au-backed and thin unbacked targets,
respectively, during a two-day run. The average BGO ball multiplicity and
total energy was lower than that typical of heavy-ion induced reactions
studied with the 8TT spectrometer, probably because of the emission of
charged particles. The master trigger was therefore set for fold K>7.
The p2n exit channel was populated very strongly, with 2pn (114Sb) 2p2n
(113Sb) and some XnYpZa channels also producing transitions clearly
identified in the coincidence spectra. A number of y rays were observed
which are postulated to belong to 113Te (p3n exit channel), based on
systematics and BGO energy and fold (H,K) characteristics.
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A 7-7 matrix consisting largely of 114Te events has been produced by
making appropriate cuts on H and K. Preliminary analysis of the data has
for the most part supported the earlier work at low to medium spins. Many
new 7 rays have been identified in 114Te, and the addition of these
transitions to the previous level scheme is in progress. There is weak
evidence for rotational structure in nearby odd-A nuclei. In this region,
the deformation-driving influence of the proton K=9/2 g9/2 orbital, and
the existence of gg^'1 rotational bands are well known (Shroy et al.,
Phys. Rev. C19 (1979) 1324). However, the observed band(s) do not fit the
expected strongly-coupled pattern. This analysis is continuing.

3.1.7 Previously Unknown 7 Rays from the Decay of 120Ba and 132Nd

S. Xu, J. Guo and M. Liu (Institute of Modern Physics, Lanzhou,
The People's Republic of China), with E. Hagberg, V.T. Koslowsky,
G. Dyck, J.C. Hardy, H. Schmeing and S. Yuan

Several neutron-deficient nuclides in the rare-earth region are very
poorly known. One of them is 120Ba. Only its half-life and two 7 rays
are known from studies at Dubna.

We have studied the decay of 120Ba in more detail. This nuclide was
produced in 106Cd(16O,2n) reactions, and the on-line isotope separator was
used to isolate mass-120 activities. The helium-jet ion source was used
with a 0.5% CF4 + 99.5% Ar mixture as support gas. The addition of
fluorine leads to the ready formation of 120BaF inside the source whereas
the formation of 120CsF is unfavoured by comparison. With the ISOL set at
mass 139, large amounts of 120Ba are seen but the presence of 120Cs, a
major contaminant at mass 120, is rather small.

The data analysis has started and we have so far assigned about 15 7 rays
to the decay of 120Ba. The assignments are based on the ISOL mass
setting, on 7-X-ray coincidence data and on half-life data. Our measured
half-life agrees with the Dubna results and we also see one of the two 7
rays assigned by them to 120Ba. We have constructed a preliminary decay
scheme for 120Ba based on our 7-7 coincidence data.

We have assigned one 7 ray to the decay of 132Nd, which was produced by
the 106Cd(32S,a2p) reaction. Only its delayed proton decay was previously
known.

The detailed analysis of our data is in progress.

3.1.8 Low-Spin Structure of 124Ba

S. Pilotte, S. Flibotte, S. Monaro, N. Nadon, D. Prevost and
P. Taras (Universite de Montreal), J.K. Johansson and
J.C. Waddington (McMaster University), T.E. Drake and A. Galindo-
Uribarri (University of Toronto) with H.R. Andrews, D. Horn,
V.P. Janzen, D.C. Radford and D. Ward

In an effort to learn more about the structure of low-spin states in
124Ba, an experiment with a low energy 160 beam has been performed. The
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reaction 110Cd(160,2n)124Ba at 60 MeV populated the low lying states much
more cleanly than was the case for the previous high spin study of the
same nucleus (PR-PHS-P-6: 3.1.9; AECL-9859).

Some 50 million events with a BGO multiplicity of K>5 were collected. The
reaction channel leading to 124Ba was extremely clean, representing about
85% of the total evaporation yield. The 124Ba decay scheme resulting from
the combined analysis of both the low-spin and high-spin work comprised 8
bands of which 6 have been identified as quasi-proton configurations. The
remaining 2 bands are interpreted as quasi-7 vibrational excitations. The
low-spin 7-7 coincidences were essential to linking a strongly coupled
band to the other structures. Directional correlation from oriented
states (DCO) ratios were extracted for the majority of transitions below
spin 14+ and have allowed unambiguous spin assignment for all these
structures.

3.1.9 Spectroscopv of 126Ba

D. Ward, H.R. Andrews, G.C. Ball, D. Horn, V.P. Janzen and
D.C. Radford, with J.C. Waddington and J. Johansson (McMaster
University), P. Taras, J. Gascon, F. Banville, S. Pilotte,
S. Monaro, N. Nadon and D. Prevost (Universite de Montreal)

To complement our study of the spectroscopy of 126Ba in a reaction with
high angular-momentum input (PR-PHS-P-5: 3.1.4; AECL-9758) we have
performed an experiment with low angular-momentum input, namely
116Sn(13C,3n)126Ba at 56 MeV. The target was 1.3 mg/cm2 thick on a
16 mg/cm2 gold backing. Approximately 60 x 106 events were recorded with
a fold requirement K>5. Since this was the first experiment with the 87r
spectrometer for a low-spin reaction, it is of some interest to compare to
our previous study with a 34S beam and unbacked target. With the 13C
beam, coincidence intensities down to 0.1% of the strongest pair (i.e.
4+->2+:2+-»0+) were clearly visible in the spectra whereas this limit was
approximately 1% in the 34S reaction. The sensitivity of the 13C reaction
was found to be greatly superior up to spin 16+. For example, band 1 (see
Fig. 3.1.9.1) was hardly detectable in the 34S reaction because its
intensity is low. The coincidence pair 7677:7763 (see Fig. 3.1.9.2) has
an intensity 0.55% in the 13C reaction.

Work on the level scheme is essentially completed. A total of 165
transitions have been assigned. This includes all transitions in
coincidence with the 2->0 at an intensity exceeding 1.5% in the 13C
reaction.

The level scheme has been organized into thirteen rotational bands. For
convenience, we have retained the nomenclature introduced by Schiffer et
al. (Zeit. fur Physik A327 (1987) 251). It should be noted that the
extension of Band 5 and Band 7 to spin 36+ and 33' respectively, is not
shown in Figure 3.1.9.1. The spectroscopy is very rich and it will take
some effort to make a detailed comparison with the cranked shell model.
This work is currently in progress but we make a few comments here on some
puzzling aspects of the band structure.
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Bands 1 and 2

On the basis of systematics in the barium region, these bands were
originally considered by Schiffer et al. (loc cit) to be a signature-split
gamma vibrational band. While our angular correlation results are
consistent with their spin assignments, provided there are considerable Ml
admixtures, the transitions at 981 and 1097 keV depopulating band 1 are
also consistent with stretched E2 assignments. The angular-correlation
results indicate considerable Ml mixing in all the J-»J-1 transitions
linking band 1 and band 2 to the ground band. The situation seems
inconsistent with a gamma-vibrational description since Ml radiation
should be forbidden. In other respects, these bands do behave as
collective excitations of the ground state, as witnessed by the stretched
E2 transitions to the ground band that compete with in-band transitions
for several states of band 2.

Bands 3. 5. and 7

The structure of these bands was discussed in our previous report (PR-PHS-
P-5: 3.1.4; AECL-9680). In the 13C reaction, we have found two very weak
branches (7532 and 7486 keV) which lead out of yrast states (band 5) to
non-yrast states. This situation is very uncommon and analysis should
lead to an evaluation of the mixing between bands 3 and 5 and between
bands 2 and 5 in the interaction region around spin 12.

Bands 9 and 10

We have extracted the set of branching ratios shown in Table 3.1.9.1.
Values for the lower spins are in agreement with Schiffer et al. (loc cit)
and suggest that the structure of these bands is 2 quasi-neutrons h11,2
g7/2 strongly coupled with K-5-7. However, the pronounced minimum in the
cascade intensity at spin 12 followed by the strong rise at higher spin
can only be explained by alignment effects. This is currently being
examined in the geometric model of Donau and Frauendorf.

Bands 12 and 13

The discovery of these bands is very interesting. They clearly have
similar structures and both decay to states of spin 12 indicating that
their lowest observed states are probably spin 13 or 14. This would imply
a four-quasi-particle structure. We suggest that they are analogous to
the three-quasi-particle bands seen in 131La and 133Pr (Hildingsson et al.
Phys. Rev. C37 1988) and have a structure with two quasi-particles
strongly coupled to an oblate core - possibly nh11/2 g1/2 - and two quasi-
particles rotationally aligned - for example, yh11/2

2. Such a structure
would be consistent with the aligned spin shown in Fig. 3.1.9.3 and the
unusually strong Ml transitions shown in Table 3.1.9.2.
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Fig. 3.1.9.1 Level scheme for 126Ba. Not shown are the continuations of Band 5 to spin 36+ and

Band 7 to spin 33".
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TABLE 3.1.9.1

GAMMA-RAY BRANCHING RATIOS IN BANDS 9 AND 10

Gating
Transition

(keV)

7204

7283+7607

7324+7650

7327+7691

7710

7735

7389+7799

7410+7862

7452+7927

7993

Initial
Spin

7

8

9

10

11

12

13

14

15

16

Final
Spin

6:5

7:6

8:7

9:8

10:9

11:10

12:11

13:12

14:13

15:14

Transition
(keV)

7180:7354

7204:7384

7283:7487

7324:7607

7327:7650

7363:7691

7347:7710

7389:7735

7410:7799

7452:7862

%
Cascade

99

85

67

36

16(3)

9(3)

20(3)

32(6)

32(4)

35(6)

%
Crossover

1.4(3)

15(2)

33(5)

64

84

91

80

68

68

65

B(Ml)1)
B(E2)

(MN/eb)2

47(11)

3.86(66)

1.70(33)

0.94(20)

0.438(95)

0.226(79)

0.75(14)

1.19(26)

1.54(26)

1.92(41)

1) Assuming cascade S2 values = 0.
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TABLE 3.1.9.2

GAMMA-RAT BRANCHING RATIOS IN BANDS 12 AND 13

Gating
Transition

(keV)

Band 13

7319

7396

7433

3and

7373

7415

Initial Final Transition Z % B(Ml)1)
Spin Spin (keV) Cascade Crossover B(E2)

(MN/eb)2

7319

7396

7433

Band 12

(16)

(17)

(18)

(16)

(17)

7268:7513

7365:7684

7396:7761

7327:7603

7373:7700

85

79

67

77

74

15(3)

21(4)

33(6)

23(4)

26(5)

7.3(16)

8.0(18)

5.8(13)

5.3(11)

6.4(14)

1) Assuming cascade S2 values =0.

3.1.10 Particle Evaporation Spectra of 133Nd

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.P. Janzen and D. Ward and J. Johansson and
J.C. Waddington (McMaster University)

A program of research has started with the miniball (PR-PHS-P-7: 3.2.10;
AECL-9995) in conjunction with the 8n spectrometer to evaluate the use of
charged-particle evaporation spectra as a tool for studying the shapes of
hot nuclei. The charged particles in coincidence with associated gamma
rays are detected on an event-by-event basis-

The known superdeformed band in 133Nd was populated with the reaction
105Pd(32S,2p2n), at a beam energy of 155 MeV. This case was chosen because
of the strong feeding of the superdeformed band (20% of the reaction
channel).

The charged-particle energy and the time between the gamma flash obtained
from the BG0 analog sum and the bipolar crossover of the particle shaping
amplifier were recorded in addition to the usual BGO ball sum-energy,
fold, and Ge-coincidence data.
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A short test was done with only 8 Csl (Tl) detectors. One detector was
placed at 135°, three detectors at 90°, and the remaining four at 45° to
the beam. Analysis of the data obtained is underway. The shapes of the
charged-particle evaporation spectra are being compared with statistical
model calculations.

3.1.11 Spectroscopy of High-Spin States in 140'141Sm

N. Nadon, S. Pilotte, D. Prevost, A. Djaafri, B. Ferraoun and
A. Temami (Universite de Montreal), J.K. Johansson and
J.C. Waddington (McMaster University) with V.P. Janzen,
H.R. Andrews and D. Ward

This experiment is a part of the systematic study of the light samarium
isotopes. The high-spin states of 140-141Sm were populated with the
lloPd(34S,4n) and lloPd(34S,3n) reactions respectively at a bombarding
energy of 155 MeV. The palladium target consisted of 1.1 mg/cm2 of 110Pd
on a gold backing. Approximately 60 million double or higher order
coincidence events were recorded.

In a second experiment, a 116Cd target consisting of two self-supporting
foils (~600 fig/cm2 each) was used to populate high-spin states in :40'141Sm
via the reaction 116Cd(29Si,5n) and 116Cd(29Si,4n) respectively, at a beam
energy of 150 MeV. Roughly 200 million coincidence events were recorded
on magnetic tapes.

The data were sorted into two E^-E^ coincidence matrices, by selection of
the values of H (total energy) and K (multiplicity) to enhance 140Sm or
141Sm, respectively. The second reaction was also used to search for a
superdeformed band in 140Sm.

The results obtained from these experiments are of interest, since very
little was known above the (nh11/2)

2 10+ excitation in 140Sm. A partial
level scheme of 140Sm has been constructed, which includes neutron
(yh11/2)

2 and proton (7th11/2)
2 bands built on the 10+ isomers. Further

analysis is in progress.

3.1.12 Decay of 14^Gd

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

One additional experiment on the decay of 141Gd has been performed (PR-
PHS-P-6: 3.1.11; AECL-9859). The intention was to resolve the minor
differences between our previous results and those obtained by a group at
Berkeley (J. Gilat et al., Fifth Int. Conf. on Nuclei far from Stability,
Rosseau Lake, Ontario, Canada, 1987, Ed. I.S. Towner, AIP Conference
Proceedings 164, p. 463). The differences all relate to the decay scheme
of 1419Gd and its half-life.

The Berkeley group findings are that most of the decay intensity of 141mGd
is routed through a 224 keV 7-ray transition that populates the 96 keV
isomeric state in 141Eu. They also claim that the half-life of 1419Gd is
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approximately 20 s and that most of its decay intensity is routed through
a 216 keV 7-ray transition populating the ground state of 141Eu. Our
findings are that the 216 keV 7-ray transition originates from the decay
of 141mGd and that it populates the isomeric state in 141Eu. We also have
indications that the half-life of 1419Gd i s short (1.5 s) and that the
224 keV 7 ray is the most prominent one in its decay and populates the
ground state of 141Eu.

The timing used in our experiment was set up so that the production of the
short-lived 141^Gd would be enhanced at the expense of the prolifically
produced but longer-lived 141mGd. As a result, our data on the decay of
1419Gd were more than ten times better than those from our previous
experiment. The decay curves for all 7 rays assigned to 141ra+9Gd were
measured with good precision. Any 7 ray whose decay curve shows a sign of
build-up or a slightly different half-life than that of I41mGd can be
assigned to the decay of 141$Gd. The analysis of our data, now in
progress, is concentrated on the strong 216 keV and 224 keV 7 rays since
their assignment, and consequently those of weaker, coincident 7 rays, is
the main difference between our results and those of the Berkeley group.

3.1.13 Search for a Superdeformed Band in 148Eu

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

The reaction 13OTe(23Na,5n) at a beam energy of 125 MeV was used to search
for a superdeformed band in 148Eu. The target consisted of three 130Te
foils (-380 iig/cm2 each). During the 5-day run, approximately 300 million
coincidence events were recorded. The 6n channel (147Eu) was
significantly stronger than the 5n channel (148Eu). The data have been
sorted into a 4kx4k matrix with conditions on H (total energy) and K
(multiplicity) for optimized feeding of a superdeformed band.

At least two low-lying superdeformed bands of opposite parity are
predicted in 148Eu. However, the experimental results reveal no evidence
for the existence of a superdeformed band, and no ridge was observed in
the matrix.

3.1.14 Multiple Superdeformed Bands in 153Dy

J.K. Johansson, J.A. Kuehner and J.C. Waddington (McMaster
University) with H.R. Andrews, D. Horn, V.P. Janzen, D.C. Radford
and D. Ward, and A. Djaafri, S. Flibotte, S. Monaro, N. Nadon,
S. Pilotte, P. Taras and A. Tehami (Universite de Montreal) and
A. Galindo-Uribarri and T.E. Drake (University of Toronto) and
S. Aberg, T. Bengtsson and I. Ragnarsson (Lund Institute of
Technology)

The study of 153Dy reported previously (PR-PHS-P-6: 3.1.12; AECL-9859) has
been augmented by a further experiment in which only triple high-
resolution coincidences were recorded. The analysis of the triples data
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(approximately 140 x 106 events) is in a preliminary stage (PR-PHS-P-7:
3.1.15; AECL-9995) but the extracted double pairs could be added directly
to the previous coincidence matrix to yield a data set with very high
statistics. Analysis of this matrix with the correlation techniques
described in (PR-PHS-P-6: 3.2.12; AECL-9859) has revealed the existence of
two further superdeformed bands which can be assigned to 153Dy, making
this the first example of multiple superdeformed bands in a single
nucleus. The energies of the transitions (see Table 3.1.14.1) indicate
that bands 2 and 3 are signature partners.

In a cranked Nilsson-Strutinsky calculation, we find three low-lying sdb's
with negative parity containing the configurations TT64I/73 (one signature)
and n6V72 (two signatures, nearly degenerate) and three positive-parity
sdb's containing 7r63W3 and n62v72. Similar results have been obtained by
Shimizu and by Nazarewicz et al. (preprints, 1989). The calculated
dynamical moments of inertia J<2' for the positive- and negative-parity
bands show very different behaviors with respect to rotational frequency
(see Fig. 3.1.14.1). Based on this, we suggest that the three bands
observed may be identified as follows: band 1 = 7i6V73, band 2, 3 =
TT6V72 (see Fig. 3.1.14.2).

Although by no means proven, it seems very plausible that the hierarchy of
feeding intensities of multiple superdeformed bands follows closely their
ordering above the yrast line at spins where superdeformed bands are fed,
namely around 55-60 H. If this were so, we would have a means of ordering
the excitation energies of various superdeformed band configurations in
the second potential well. For example, in the present experiment, we
find 7r6V73 lowest, the two signatures of n6V7 2 next lowest. The
positive-parity configurations 7r63i/72 and 7r63W3 must be highest since
they were not detectable. This kind of evidence is the most direct way
yet of looking at nuclear structure in very deformed nuclei. The
parameters used in the present calculation do not reproduce the suggested
configuration ordering presumably because the Z=66 shell gap is predicted
to be too large. A systematic study of multiple superdeformed bands would
be extremely useful in refining the parameters used to describe nuclei at
extreme deformations.
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TABLE 3.1.14.1

ENERGIES AND RELATIVE INTENSITIES FOR THE
3 BANDS OBSERVED IN 153Dy.

The normalization is such that the intensity
of band 1 is -1.0 at lower spins. The intensities compared

with 5 n reaction channel are 0.25, 0.18 and 0.13%,
respectively. The lines marked with a D

are parts of unresolved doublets. The transition in
square brackets may not be part of the band.

BAND

Energy
(keV)

809.6(3)
855.6(2)
900.4(3)
945.0(2)
990.7(3)
1036.1(2)
1082.7(2)
1128.2(3)
1174.1(3)
1221.6(2)
1267.6(6)
1313.6(3)
1360.7(7)
1406.2(4)

1

Intensity

1.05(9)
1.07(13)
0.77(7)
1.00(6)
0.88(13)
1.09(7)
1.18(12)
1.01(12)
0.93(7)
0.87(6)
0.78(21)
0.79(9)
0.39(11)
0.57(14)

BAND

Energy
(keV)

816.5(2)
862.1(5)
909.9(4)
958.8(2)
1006.1(2)
1052.2(3)
1100.0(3)
1148.6(4)
1196.2(3)
1244.1(3)
1291.0(3)
1340.7(5)
1387.9(3)

2

Intensity

D
0.75(19)
0.78(22)
D
0.61(14)
0.59(14)
0.61(14)
0.83(18)
0.81(7)
0.94(11)
0.93(11)
0.38(12)
0.53(8)

BAND

Energy
(keV)

[894.6(4)
935.7(8)
980.1(3)
1028.7(3)
1075.1(3)
1123.7(3)
1170.5(5)
1219.9(12)
1266.3(7)
1314.7(4)
1362.3(4)
1410.0(5)

3

Intensity

0.37(8)]
0.46(13)
0.46(6)
0.46(9)
0.55(8)
0.54(8)
0.40(9)
0.25(16)
0.23(9)
0.63(16)
0.27(6)
0.35(10)
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Fig. 3.1.14.1 Theoretical predictions for sd bands in 153Dy. The upper
panel shows (2) moment of inertia. The lower panel
indicates the energies relative to a reference. The style
of the lines indicates the parity and signature, (it,a), of
the different configurations following the Lund convention.
Curve (a) indicates the JT64I/73 configuration with parity
and signature (-,-%); curves (b) n6*v72 (-,+'*); curve (c)
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3.1.15 Preliminary Results for Triple Gamma-Ray Coincidences from the 8n
Spectrometer

V.P. Janzen, H.R. Andrews, G.C. Ball, D. Horn, D.C. Radford and
D. Ward with J.K. Johansson, J.A. Kuehner and J.C. Vaddington
(McMaster University), A. Djaafri, S. Flibotte and S. Pilotte
(Universite de Montreal) and T.E. Drake and A. Galindo-Uribarri
(University of Toronto)

The present generation of gamma-ray spectrometers has extended the limits
of nuclear spectroscopy to the point where band structures populated with
as little as \% of the total channel intensity can be studied. The
resulting complexity of the data, and the realization that detailed
spectroscopy of superdeformed bands will be performed at even lower
intensity levels, has led to the first 8TT experiment designed expressly to
acquire 7-7-7 coincidence events in the Ge detector array. The
accompanying increase in sensitivity should result in a) the resolution of
data that cannot be resolved in two-dimensional analysis, b) the
enhancement of weakly-fed structures, and c) the use of novel and more
sophisticated correlation procedures in three dimensions. Our initial
approach has been to develop new techniques for the study of nuclei with
very large deformations.

The reaction 124Sn(34S,5n)153Dy was chosen for the first triples
experiment, to follow up theoretical predictions of close-lying multiple
superdeformed bands in that nucleus (PR-PHS-P-7: 3.1.14; AECL-9995). A
higher-than-normal rate of 7-7-7 coincidences was achieved via a number of
simple steps: beam current, target stack thickness, and low-energy 7-ray
absorption were increased, and some minor changes in the electronics were
introduced in order to compensate tor the correspondingly higher detector
count rates. The resulting Ge triples event rate was 300/sec, gated by a
BGO ball fold of 11 or more. In two weeks of running time, 140xl06 7-7-7
events were acquired, of which approximately 50% were left after sorting
into a three dimensional matrix gated by H and K cuts designed to enhance
the known 153Dy superdeformed band. This triples "cube" had dimensions
464x464x464 channels, at a resolution of 2 keV/channel, and covered the
range 600 to 1530 keV. The data were also sorted into a standard 7-7
matrix containing 210xl06 events.

A powerful new method for detecting superdeformed bands has been developed
by J. Kuehner et al., at McMaster University (PR-PHS-P-6: 3.2.12; AECL-
9859). The so-called "Band-Aid" procedure relies on the fact that the
regular pattern of two-dimensional 7-7 coincidence peaks - characteristic
of superdeformed bands is a much more reliable signature than any
individual (statistically poor) one-dimensionally gated spectrum. In the
program, a figure of merit is derived that is composed of the summed
contributions of a well-defined grid of two-dimensional gates. A search
can be carried out by varying the position (energy mid-point) and spacing
of a "trial lattice" over a range of values. The presence of a band
possessing such a regular structure is revealed by a large figure of
merit.
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This technique has been adapted to three dimensions. A very clear
correlation signal was found at a 7-ray energy spacing of 46 keV,
corresponding to the known superdeforraed band in 153Dy (PR-PHS-P-6:
3.1.12; AECL-9859), which has a relative intensity 0.25% that of the 5n
channel population. A similar search at 48 keV spacing resulted in the
independent and nearly simultaneous discovery of two additional
superdeformed bands, seen in the two-dimensional data only after a lengthy
investigation (PR-PHS-P-7: 3.1.14; AECL-9995).

Analysis of the present triples cube is in progress to improve gating and
background subtraction procedures. It is clear that discrete-line triple
coincidence measurements are viable with the 87r spectrometer, probably
with a better combination of H,K selection, Compton suppression, and
resolution than at other facilities. The independent discovery of
multiple superdeformed bands in 153Dy has been accomplished in three
dimensions. With the accompanying corroboration from two-dimensional
analysis, the present reliance on one-dimensional 7-ray gating procedures
will probably be lessened in the future. Along with planned improvements
to the three-dimensional "Band-Aid" type of treatment, there are
possibilities to investigate feeding-in and feeding-out characteristics
and correlations in non-standard planes of the cube. It will be very
interesting to extend the triples procedures to other nuclei, especially
those likely to exhibit more than one superdeformed rotational band.

3.1.16 High-Spin Spectroscopy of 154Dy

V.P. Janzen, H.R. Andrews, D. Horn, D.C. Radford and D. Ward wi :h
J.K. Johansson, J.A. Kuehner and J.C. Waddin^ton (McMaster
University), A. Djaafri, S. Flibotte and S. Pilotte (Universite de
Montreal) and T.E. Drake and A. Galindo-Uribarri (University of
Toronto)

Recent 87r spectrometer experiments directed primarily toward the study of
153Dy (PR-PHS-P-7: 3.1.14; AECL-9995) have also resulted in very good
information on the neighboring 154Dy nucleus, in both double- and triple-
coincidence form. Gamma-gamma data derived from the 124Sn(34S,4n)154Dy
(165-167 MeV) "byproduct" reaction are, if anything, cleaner than those
obtained with the 5n channel, because of the higher total energy and 7-ray
fold of the 4n process. An (H,K)-gated coincidence matrix has been
searched for signs of regular band structure corresponding to
superdeformation, with no clear signal observed so far. This preliminary
result is consistent with theoretical predictions, which suggest that
these bands would be very weak and extremely difficult to observe.
Perhaps more importantly, the 4n reaction excitation energy and input
angular momentum are not favorable to the population of superdeformed
bands, based on our past experience (PR-PHS-P-3: 3.1.7; AECL-9503).

The high-spin structure of 154Dy contains some surprising features, as
shown by recent results from the Argonne group (W- Ma et al., Phys. Rev.
Lett. 6J. (1988) 46; R. Holzmann et al., Phys. Rev. Lett. 62 (1989) 520).
Following the yrast sequence of discrete transitions from the ground state
up to high spins, it appears that the energy systematics and lifetimes
describe an evolution from collective prolate to single-particle oblate
and then back to weakly prolate structure.
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This unexpected discrete-line observation of the latter change remains in
contradiction to the existing theoretical descriptions of high-spin
structure in this region, which predict that the oblate single-particle
excitations dominate above spin 38.

Preliminary coincidence spectra indicate that we shall be able at least to
confirm the published results, and possibly add to the information
available at the very highest spins.

In addition, a unique double-bumped feature has been observed in quasi-
continuum E2 spectra (R. Holzmann et al., loc cit), and has been taken to
indicate the existence of vibration-like behavior in addition to the usual
rotational characteristics of unresolved transitions above the yrast line.
Preliminary spectra from the present 8n data do show unusual features in
the quasi-continuum background when gated by known discrete-line
transitions.

Analysis of both the double- and triple-coincidence data is continuing.

3.1.17 High-Spin States in 178Pt and 179Pt

A. Djaafri, Y. Berube, G. Cazelais, B. Ferraoun, G. Kajrys,
J. Mailloux, S. Monaro, N. Nadon, S. Pilotte and A. Tehami
(Universite de Montreal) with H.R. Andrews, V.P. Janzen and
D. Ward, and J.K. Johansson, D. Prevost, J. Rodriguez, and
J.C. Vaddington (McMaster University)

High spin states in 178Pt and 179Pt were populated via the reactions
15°Sm(32S,4n) at 165 and 167 MeV and 155Gd(28Si,4n) at 145 MeV. The
detection of gamma rays was performed with the 8JT spectrometer. In 178Pt,
in addition to the yrast sequence (identified up to spin value 32+), three
new bands were observed. Analysis is. in progress at the Universite de
Montreal.

3.1.18 Scattering Recoil Coincidence Spectrometry: A New Experimental
Technique for Profiling Hydrogen Isotopes in Low-Z Thin Films

J.S. Forster with J.R. Leslie and T. Laursen (Queen's University)

The technique of elastic recoil detection (ERD) (J. L'Ecuyer et al., J.
Appl. Phys. 47 (1976) 881) has been in use for some years as a method of
profiling light atoms in heavy substrates. One of the problems with this
technique in ion-beam studies of polymer films or thin foil samples is
that the probing beam degrades the sample because of radiation damage.
This arises mainly because of the small solid angle of the detector used
for particle detection, which is necessary to convert an energy spectrum
into a concentration vs. depth profile.

Recently, a new spectrometry has been proposed by Chu and Wu (W-K. Chu et
al., Nucl. Instr. and Meth. in Phys. Res. B35 (1988) 518), which allows
the use of detectors with solid angles of the order of steradians instead
of millisteradians. The depth resolution that would normally be lost
because of the large solid angles is retained to a reasonable extent by a
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coincidence measurement of the scattered beam particle and the recoiling
light ion; however, because the technique relies on the difference in
stopping power before and after scattering, the depth sensitivity is
inferior to that obtained in Rutherford backseattering (RBS) or ERD.

We have demonstrated experimentally the technique suggested by Chu and Wu.
Two experimental geometries were used. In both, two annular, surface-
barrier detectors of 150 mm2 active area were used to detect coincidences
between scattered 4He ions and recoiling XH or 2D atoms; the first
detector was placed =3 mm downstream of the target and subtended an
angular range from 33° to 69°. In the first geometry, the second detector
was placed =39 mm downstream of the target and subtended an angular range
from 6° to 15°. In the second geometry, the second detector was placed
=12 mm downstream of the target and subtended an angular range from 12° to
30°. In the first geometry, only elastically recoiling *H atoms in
coincidence with scattered 4He ions were accepted because of kinematic
constraints, while in the second geometry both 1H and 2D recoiling atoms
in coincidence with scattered 4He ions were recorded.

Several foils were used as targets and included 1) a 25 jug/cm2 C film made
from cracked ethylene, 2) a 70 jug/cm2 evaporated C film, which was
subsequently implanted with 7.5 keV 1H+ atoms to a dose of 1017/cm2, and
3) a 50 jig/cm2 CD2 foil.

Data were collected, event-by-event, on the Queen's University PDP-15
computer. Each event consisted of the energy signal from each detector
and the time correlation between them. The data were analyzed on the
TASCC Concurrent 3230 mini-computer. During analysis, the individual
energy spectra, the time spectrum and total energy spectrum (sum of
energies in detectors 1 and 2) were generated.

Two-dimensional spectra of intensity as a function El and E2 were also
generated for windows on the prompt time peak and total-energy peak. The
distribution of 1H (or 2D) could be seen clearly in the resulting two-
dimensional contour plots. The *H (or 2D) distribution in the foils could
also be obtained from the total energy spectra.

A paper describing the results for the first geometry in which XH
distributions were measured for the cracked ethylene foil and for the
implanted foil with the hydrogen facing 1) upstream and 2) downstream has
been accepted for publication.

Further analysis of the data is in progress.

3.1.19 The Effects of Anodic Oxidation of Zr-2.5wt%Nb on Near-Surface
Deuterium

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

The work on hydrogen ingress in Zr and its alloys reported earlier (PR-
PHS-P-6: 3.1.15; AECL-9859) has continued. We have studied the effect of
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anodic oxidation on near-surface deuterium in thin (-3.5 fim) foils of Zr-
2.5wt2Nb.

A substantial concentration of D was introduced into the foils by etching
with a solution of 0.1£ NH4HF2 in D20; this solution removed the native
oxide on the liquid side of the foil and allowed uptake of D, from the
D20, into 200-300 nm of the foil.

The cell was then flushed thoroughly with H20 and left filled with H20.
The D concentration in the foil was measured, in situ, by observation of
protons, at 170° to the beam direction, from the D(3He,p)4He reaction
induced with a beam of 2.0 MeV 3He.

Electrical connections to the foil and a separate Pt electrode in the cell
allowed anodization of the surface of the foil.

In three separate experiments, foils were anodized to thicknesses of 160,
200 and 280 nm and the D content of the foil measured. In all three
cases, a second measurement of the D content was made as follows. The
cell was emptied and the foil mount was reversed so that the anodized
surface faced the incident 3He beam which was reduced in energy to 0.8 MeV
as the beam did not have to penetrate the total foil thickness before
interacting with the deuterium. Detailed analysis of the data shows that
the effect of oxidation is to return most of the D, in the anodized
region, to the solution.

3.1.20 Superallowed 0+ -> 0* Nuclear Beta Decays

I.S. Towner (Theoretical Physics Branch) with J.C. Hardy,
V.T. Koslowsky and E. Hagberg and H. Schmeing (TASCC Accelerators
and Development Branch)

A complete and critical survey of all lifetime, decay energies and
branching ratio measurements relating to the superallowed decays of 140,
26mAl, 34C1, 38raK, 42Sc, 46V, 50Mn and 54Co has been completed; no
measurements are ignored, though some are rejected and others updated.
The associated calculations and theoretical corrections needed to convert
these results into Ft values have also been assessed. As an exacting
confirmation of the conserved-vector-current hypothesis, the Ft values are
found to be constant to 4 parts in 104. In addition, the effective vector
coupling constant of nuclear beta decay is determined to be G^ = (1.14939
+ 0.00065) x 10'5 GeV^2; the up-down quark-mixing element of the
Kobayashi-Maskawa matrix is Vud = 0.9740 ± 0.0021, which sets a limit on
the possible participation of a fourth generation of quarks. The data are
also used to set a new limit for the Fierz interference term, and for
possible mixing of massive neutrinos.



3-25

3.2 INSTRUMENTATION AND FACILITY DEVELOPMENT

3.2.1 ISOL; Operation and Development

V.T. Koslowsky, E. Hagberg, J.C. Hardy, W.L. Perry, M.J. Watson,
H. Schmeing with S. Yuan (Institute of Modern Physics, Lanzhou,
The People's Republic of China)

In this reporting period, four on-line experiments have been performed in
collaboration with scientists from the University of Manitoba and the
Institute of Modern Physics, Lanzhou, The People's Republic of China.
These experiments involved preparatory tests for 71,72,733,. m a s s

measurements with the FEBIAD ion source; production tests of isotopes:
59Zn, 61Ga, i18'120Ba, 132'134Sm with the He-jet ion source; and one
experiment dedicated to the study of 120Ba 0 decay. They are described in
(PR-PHS-P-7: 3.1.3, 3.1.4, 3.1.7; AECL-9995). Off-line ion-source
development primarily focussed on improving the reliability and extending
the capabilities of the helium-jet ion source (PR-PHS-P-7: 3.2.3; AECL-
9995). Lastly, the fast tape station that transports implanted
radioactive samples to the counting location (PR-PHS-P-4: 3.2.2; AECL-
9680) has been upgraded by replacing the slits in the differentially-
pumped tape/ISOL vacuum interlock with precisely ground ones. This plus
the acquisition of new aluminized mylar tape has resulted in very reliable
operation of this device and its use has become routine.

3.2.2 TASCC Beam Line Leading to ISOL

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

The last remaining component of the vacuum section Is, the fast-closing
VAT valve, has been installed and tested. Of the two valves purchased as
part of TASCC Phase II, one was defective and returned for servicing.
Tests indicate that the remaining valve meets its specifications and
closes within 25 ms. Its trigger has a 10 ms delay. The shock wave
propagates to the valve in 40 to 50 ms for initial target-chamber
pressures between 5 atm and 1 atm, respectively. Hence, beam-line vacuum
beyond this valve is not significantly degraded except for some initial
seepage that occurs before the pressure differential across the diaphragm
positively seats the 0-ring. This surge is enough to trip the valves in
the immediately preceding vacuum section, lp, but does not require pump-
out before resetting the lp valves.

Electronic control circuitry for vacuum section Is is disturbed by high-
voltage transients caused by ISOL ion-source sparking. During operation
with the FEBIAD ion source, the disturbances are infrequent. However,
operation with the He-jet source is barely tolerable. We shall continue
to address this shortcoming.

3.2.3 He-iet Ion-Source Developments

M.J. Watson, W.L. Perry, I. Neeson and V.T. Koslowsky

Early in this period, the installation of the new high-voltage pump stand,
re-location of the vacuum pumps, and the extension of the protective cage
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was completed and commissioned (PR-PHS-P-6: 3.2.3; AECL-9859). This
system now enables us to operate the helium-filled target chamber with 10
times higher gas flow without high-voltage flash-over because all vacuum
pumps operate at the ion-source accelerating potential.

The side-jet, an additional helium jet aimed across the skimmer orifice,
has been installed and meets our expectations of reducing the helium
leakage into the ion source by a factor of 10 to 30. Off-line experiments
are continuing to determine the impact this jet has on radioactive yield.

Recent on-line experiments aimed at studying 120Ba have identified a
number of shortcomings that are presently being addressed. First,
operation of the upper heater under high power (>1 kW) conditions has
melted a portion of the W-anode cylinder because the heat was not
uniformly distributed. Model tests in a bell jar have revealed that
alternative filament designs offer no improvements. Consequently, we are
presently investigating whether a miniature electron gun can be used to
illuminate and heat the upper portion of the anode cylinder uniformly.
Second, the production of 120Ba was enhanced by replacing the Ar support
gas with a Ar(99.5£)/CF4(0.5%) mixture and extracting the molecular ion,
120BaF+. After several hours of successful on-line operation, arc
discharges across the accelerating gap became so frequent and intense that
the experiment was terminated and the ion source rebuilt. Normal
operation was only achieved after all BN and C components were replaced
and the W-anode cylinder was etched in HF + HN03. Unfortunately, other
ion-source parameters such as a variable and unknown CF4 concentration and
an intermittent electron-suppression voltage prevented us from
unambiguously determining the cause of the sparking. This will be
investigated further off line.

3.2.4 Precise Half-life Determination of Superallowed <8 Emitters

V.T. Koslowsky

The bias introduced by averaging hundreds of half-lives, each determined
from small statistical samples, has been estimated and eliminated by
performing a coupled analysis of large data sets. In the analysis, many
multi-scaled samples are analyzed simultaneously. The initial counting
intensity is adjusted in each sample but only one common half-life is
fitted to all data sets. The technique offers the following advantages.
First, the variance of each data point is retained rather than lost as is
the case when data sets are conventionally summed. Second this is a
rigorous treatment of Poisson-like data, whereas in the averaging of many
half-lives a Gaussian weighting procedure is invoked. The coupled
analysis procedure has been tested on hypothetically-generated data (PR-
PHS-P-6: 3.2.7; AECL-9859) and is the only algorithm tested that does not
introduce a bias greater than 0.01% in the resultant half-life. This is
of importance in the study of superallowed 0+-+0+ (1 emitters where one is
aiming at measuring half-lives to an uncertainty of less than ±0.05%.

The computer program is a vectorized adaptation of MLSQQ and runs on the
CYBER 990E.
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3.2.5 A Phoswich Array for Reaction Studies with TASCC Beams

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

Construction of the small phoswich array (PR-PHS-P-6: 3.2.9; AECL-9859) to
be used with near-term TASCC beams is continuing. Progress for this
reporting period includes beam tests of the first production module,
purchase and testing of all the phototubes to be used in the array,
completion of the detailed design for the detector cans and the mechanical
supports, and the machining and measurement of all the heat-pressed
scintillator pieces.

a) Beam Tests of a "Production" Phoswich Module

Tests with an alpha-particle source revealed a reduction of about 6% in
the light-collection efficiency near the long side of the trapezoidal
detector face relative to that near the center of the detector. Selective
absorption, with black paper on some sides of the detector proved
detrimental to the resolution because of poorer photon statistics, and had
no major effect on the position dependence of the signal amplitude;
accordingly, selective absorption was abandoned and the detector sides
were roughened slightly and wrapped in Tyvek paper to maximize diffuse
reflection. The increase in the amount of light collected should then
improve the pointwise energy resolution without worsening the position
dependence. The detector was tested with 26 MeV protons from the Tandem.
The pointwise energy resolution (fwhm) for individual collimated spots on
the detector face was generally about 5%; with the entire detector exposed
to scattered protons, the overall resolution was 6E/E=7.3Z for 26 MeV
protons, significantly better than the 10X mentioned in the previous
progress report. The difference can be ascribed partly to improvements in
the heat-pressing technique and partly to use of more energetic protons.
These results were obtained by integrating the E signal over a relatively
short period. We also demonstrated that additional improvements in energy
resolution could be obtained with a longer integration period, which
included the prompt portion of the signal.

b) Photomultiplier Tubes and Bases

Twenty Philips XP2252 2" tubes and 20 Hamamatsu R580 1-1/2" tubes were
purchased and checked upon arrival at TASCC. One 2" tube proved defective
and was returned for replacement.

The remote base developed previously was tested for performance and
heating effects in vacuum. The base temperature, initially 23°C,
saturated at 26° after 1.5 hours of operation; the phototube gain
stabilized after about one hour of operation. Though this is already
adequate for our needs, further improvements are expected when proper
heat-sink techniques are applied to the base mounting. Printed-circuit-
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board layouts have been made for bases for the 2" tubes, and base layouts
for the 1-1/2" tubes are nearly complete.

The use of ribbon cables for voltage distribution to the dynodes of each
photomultiplier tube, discussed in the previous report, will be retained.
However, to achieve better shielding and impedance matching, the anode
signal will be taken along a separate true coaxial cable rather than the
ribbon cable.

c) Mechanical Design of Detector Mounts

The detailed design of the detector cans, mounting collars, and support
ring is now complete and the drawings are ready to be released for
construction. The nominal target-detector distance has been increased
from 50 to 51 cm to accommodate the measured tolerances in scintillator
sizes (see following section) and the thickness of the reflective wrapping
material, while retaining the intended geometry and the existing
components.

d) Production and Quality Control of Scintillators

The heat-press lamination of AE and E scintillator material is complete.
The 16 phoswiches needed for each of the two array rings, and one spare of
each type have now been machined. All of the 34 detectors have been
measured for overall dimensional tolerances and are within 0.5 mm of the
specified size. This information was used by Plant Design in finalizing
the dimensions of the detector cans and mechanical supports. The AE
thickness of each machined scintillator was measured with a microscope at
16 points around its perimeter under UV light. The average thicknesses
for individual detectors ranged from 0.64 to 0.72 mm, with typical
standard deviations along the perimeter of 0.01 mm for the small detectors
and 0.02 mm for the larger detectors. Gluing of the light guides to the
scintillators has begun. The detectors are being fabricated in the
configuration tested in beam (see section a) with diffusely-reflecting
sides and Tyvek wrapping.

3.2.6 Extension of the Study of Highly Excited Nuclear Matter Systems
with an Exclusive Impact-Parameter Trigger

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

Preparations are continuing for the experiment (PR-PHS-P-6: 3.1.4; AECL-
9859) that will extend, in temperature and mass, our current study of
highly excited nuclear systems (PR-PHS-P-7: 3.1.2; AECL-9995).

An aluminum matrix to hold six high-resolution AE-E telescopes has been
fabricated. In addition to orienting the three light-ion and three heavy-
ion telescopes, the mount provides cooling for the silicon detectors and
photodiodes, solid angle definition (7.85 msr at 18 cm from the target)
for each telescope, electron suppression by means of permanent magnets at
the entrance to each telescope, and strain relief for the coaxial cables
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connected to the 12 detector elements. The Si detector elements, CsI(Tl)
crystals, and large-area photodiodes are now in hand.

Two CsI(Tl) logs from Harshaw and two from Bicron were prepared by Counter
Development Section of NSSP Branch. Each log was 10 cm long by 4 cm in
diameter, with one end tapered to mate with a 2.7 cm x 2.7 cm square
Hamamatsu S-3584-05 photodiode. The photodiode-crystal assembly was
mounted in an aluminum cylinder with a thin, aluminized-mylar light shield
at the entrance and an optical-grease coupling between the crystal and
photodiode. We tested the position sensitivity, linearity, and overall
resolution of one crystal from each manufacturer with elastically
scattered protons from the tandem. The Bicron crystal had superior
position uniformity, leading to an overall resolution of <l% (fwhm) for
26 MeV protons; the Harshaw crystal was just under 2%, also adequate for
our present needs. Based on 6 energy measurements between 10 and 26 MeV,
the linearity of the Bicron crystal was better than 1% in this range.

Detector elements of the Chalk River Forward Array have been failing at a
rather high rate, apparently because the design subjects both ends of the
phototube to mechanical stress. Of our 41 phoswich elements, six have
failed in the past year, CHC had been broken previously, and two had non-
standard photomultiplier tubes and bases. These nine were given to
Counter Development Section of NSSP Branch to be refurbished with new
Hamamatsu HTV 2060 photomultiplier tubes and standard bases. In addition,
glue joints were repaired on some detectors and four CaF2(Eu) AE crystals
were replaced. A recent series of tests with a p- source indicates that
we now have 35 phoswiches working properly and one working with reduced
gain. New phototubes have been mounted on the remaining five detectors,
which still need to be reassembled and tested. Thirty-six detectors and
several spares are required for the experiment; one has been shipped to
Michigan State University for tests in "parasitic" mode so that proper
voltages and amplification factors can be determined for experiments with
75 MeV/u Ar beams.

3.2.7 Data Acquisition

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

During the past six months, several hardware/software upgrades were
implemented. The serial highway was extended to include the ISOL (Room
112) and the particle facility (Room 111). Commissioning of the new 128 k
CAMAC memory modules and associated display controllers were completed. A
2.3 GB Exabyte tape drive and SCSI controller were purchased and
installed. Software modifications required for this drive to be used for
playback have been implemented. Each 2-hour 8 mm tape will hold
approximately 14 standard 6250 tapes of event-by-event data.

A new CAMAC FIFO module and associated DMA board for the CCUR 3230 have
been designed and fabricated. These modules will replace the parallel
CAMAC interface for input of data.
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The conversion of TASCC files to NOS/VE was completed on schedule. The
hardware/software for acquiring and analyzing radial-probe data on the
CCUR 3230 has been upgraded to improve reliability and reduce the load on
the data-acquisition computer system.

3.2.8 Future Data Acquisition/Analysis Computing Facility

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

An updated RFA for the TASCC Phase II Experimental Computing Facility was
submitted and received approval from the EMC in March. The computer
system will be funded over two fiscal years beginning this year. A
Concurrent 3280 SP minicomputer with one 850 MB disk drive, one 6250 bpi
magnetic tape drive, an ethernet controller and all associated software
was ordered 1989 June 29 for delivery 1989 October 2.

3.2.9 Data Acquisition Hardware Development

F.J. Sharp and L.H. Bucholtz

During the past 6 months, an adequate amount of time has been scheduled on
the Concurrent 3230 computer. Consequently, reasonable headway has been
made in catching up on the backlog of failed data-acquisition modules and
the development of new equipment.

Automatic magnetic-field control and stabilization for the ion-source
inflection magnet and the Y switching-magnet systems have been
implemented. A locally-designed and -constructed intelligent CAMAC
auxiliary crate-controller module forms the control portion of the field-
control system. Two more systems are being built to control the magnets
of the second ion source.

An on-line histogramming display system, consisting of a CRT monitor
control unit and a 128 k x 24 CAMAC RAM module has been tested and will
replace the present system in use at the first opportunity.

A prototype 16-input weighted analog mixer module has been built and is
being evaluated for use in the study of highly-excited nuclear systems at
Michigan State University (PR-PHS-P-7: 3.1.2; AECL-9995).

The development and debugging of the new software required for the beam-
line microprocessor vacuum-system controllers is being done on a
continuing basis.

3.2.10 Miniature Array of Particle Detectors

A. Galindo-Uribarri, T.E. Drake and G. Zwartz (University of
Toronto) with T.K. Alexander, H.R. Andrews, G.C. Ball, N.C. Bray,
P. Dmytrenko, J.S. Forster, J.D. Lori, D. Phillips, D.C. Radford,
A.R. Sprake and D. Ward

Feasibility studies (PR-PHS-P-6: 3.2.10; AECL-9859) have shown that by
taking advantage of the unique features of CsI(Tl) crystals and large-area
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photodiodes, a new array for detection and identification of light
particles can be realized at TASCC for a low relative cost and in a short
time. As an outcome of this study, we decided to design and construct
such an array with large solid-angle coverage to operate inside the 871
spectrometer.

The array consists of a mini-ball of 16 CsI(Tl) scintillators coupled to
large-area photodiode detectors mounted inside a plastic vacuum chamber.
This array allows detection and isotopic separation of light particles
with good energy resolution; e.g. 1.2Z FHWM for protons at 15 MeV.

Its use with the 871 spectrometer allows the study of the effects of
nuclear deformation on particle evaporation spectra, thus providing
insight into the shapes of "hot" nuclei. The array removes uncertainties
in studying the competition between particle, fission and gamma-ray decay
modes. The miniball's modular design and ease of reconfiguration also
make it useful in conjunction with other instruments such as the Q3D
spectrometer, the Chalk River Forward Array and for the apparatus used in
channeling studies.

In addition to the plastic chamber, an extension of the beam line to a
beam dump, a pumping station and a support structure for the miniball
apparatus were added to the standard 8JT configuration. A detailed report
of the miniball is in preparation. The table 3.2.10.1 summarizes the
development tests that have been carried out.

3,2.11 Experimental and Theoretical DCO Ratios for the 8TT Geometry

S. Pilotte (Universite de Montreal) with D. Ward

A method has been developed to extract DCO (Directional Correlation from
Oriented states) ratios from high-resolution 7-7 coincidence data from the
8?r spectrometer. The software utilizes the existing library of sorting
and fitting programs, MATFIT,LF8R and the E~~E7 sorting tasks (PR-PHS-P-3:
3.2.7; AECL-9503).

An unsymmetrized 4k x 4k matrix containing on one axis the ±37° energies
in coincidence with the ±79° E~ along the other axis is fitted and used to
create an E^-E^ intensity database (see MATFIT). This database contains
all the information needed to calculate the DCO ratios associated with
every pair of coincident 7-rays and can be interrogated with a modified
version of the program LF8R. This analysis of the DCO ratios is greatly
improved over the conventional method since a large number of ratios
involving many different gates can be compared and averaged in a short
working session. The method has proved very powerful in extracting
information on weak transitions.

We have also calculated DCO ratios specifically for the 8jr geometry. We
have considered transitions J^J+J-2 where the second decay is pure E2 and
the first decay is mixed L=2, L=l, and with Ji=J,J+l and J+2. The results
have been summarized in graphical form, which is convenient for assigning
multipolarities and mixing ratios.
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The influence of the population alignment of high-spin states, and the
differences between high and low angular momentum input reactions have
been investigated.

TABLE 'H.2.10.1

TESTS ON Cs£(Tl) - Photodiodes

Off-line

Beam

Beam

Off-line
(parasitic)

Beam or Reaction

Sources (e,-y,a,
x-ray, fission
fragments) and
light-emitting
diodes

p, C, S, F, I
(direct beam
detection)

30Si + 60Ni

160 + 110Cd

Energy
(MeV)

various

various

135

60

Purpose

. Response and
optimization

• Pulse-shape
discrimination

• Response and
optimization

• Pulse-shape
discrimination

Particle-identification
methods:

• gates
• pulse-shape discrimination
• Si-Csl telescope
. phoswich

• Timing between
87t BGO ball and NE213

Beam 2 8 S i + 12C
28S 1 + i 6 0

60 Timing between 8Pi BGO ball
and Csl (Tl)- Photodiodes
Particle identification
Electronics and
data acquisition
39K experiment

Beam i05Pd 155 Test of several
detectors
Miniball installed
New chamber and
beam line
133Nd experiment
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3.2.12 Calibration of the Low Energy Particle Analyzer (LEPA)

D. Anglin, J. Firth and E. Taada (National Research Council,
Ottawa), R. Pyle and F. Sopron (University of Chicago) with
J.S. Forster

A final calibration of the Low Energy Particle Analyzer (LEPA) was carried
out with beams from the Tandem (PR-PHS-P-6: 3.2.13; AECL-9859).

Beams of 12C, 19F, 20Si, 32S and 59Cu were used to bombard targets of C, Al,
Ni and Au with the LEPA detector positioned at 30° to the beam.
Elastically- and inelastically-scattered projectiles as well as reaction
products provided a wide range of ions and energies for calibration of the
instrument.

3.2.13 Thin Plastic Scintillator Detector Used as a Time-Zero Detector or
Flux Monitor

A. Galindo-Uribarri and T.E. Drake (University of Toronto) with
G.C. Ball, J.S. Forster, D. Horn, E. Hagberg and C. Pruneau

A time-zero detector and beam-flux monitor to be used with intermediate-
energy heavy ions has been developed (PR-PHS-P-3: 3.2.20; AECL-9503, PR-
PHS-P-4: 3.2.14; AECL-9680 and PR-PHS-P-5: 3.2.9; AECL-9758). It is based
on a self-supporting thin film of plastic scintillator placed at one focus
of a high-quality ellipsoidal mirror. The light emitted is concentrated
on the photocathode of a photomultiplier tube situated at the other focus.
This detector system has excellent energy resolution and timing
characteristics and very low threshold of detection. The performance with
respect to light output, time resolution and detection efficiency has been
studied for various transiting ions.

The advantages of this type of detector are fast response, small energy
loss of transmitted particles, insensitivity to radiation damage,
simplicity, low cost, and high count-rate capability, characteristics that
could not be attained by any other type of detector and which make its use
with intermediate-energy heavy ions very attractive.

Final tests to determine the timing response and threshold of detection of
the device were done with a 28Si beam at 130 MeV and a proton beam at
10 MeV. This time we used a thinner (10 fim thick) ultrafast BC418
scintillator foil with a 1.36 nsec decay time and a wavelength of maximum
emission at 391 nm. With a 28Si beam, we obtained an overall FWHM of
250 psec for the time distribution between this detector and a stop
detector 1 m away. This stop detector consisted of a thin scintillator
foil of the same characteristics, but coupled to a cylindrical light guide
and viewed by the same type of photomultiplier (Philips XP2030). The
draft of a paper describing this detector and its performance has been
written.

3.2.14 Target Laboratory

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

The laboratory has again prepared targets for experimentalists in the
Nuclear Physics Branch, and carbon stripper foils for both the tandem
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accelerator and the superconducting cyclotron. Targets have also been
produced for commercial sales and other branches at CRNL.

Preparation of Materials for TASCC

The following targets were produced:

Natural C, Ca, Sc, Ni and Pb; CD2> CD2.CH2;
 12C, 46Ti, 54Fe, 92Mo, 94Mo,

"Ru, 100Pd, 102Pd, 105Pd, 106Cd, 113Inf
 114Cd, 116Sn, 117Sn, "4Sn, "<»Te,

144Sm, 155Gd and 197Au.

Mechanical and chemical treatments were carried out on Delrin surfaces to
determine the best conditions for coating the particle detector mini-ball.
Several different coatings were tried including a silver-base epoxy,
Cu/Cr, Cr and a carbon-base epoxy.

Csl crystals were polished for the mini-ball detectors.

Fifteen phoswich scintillator blocks for the detectors of the new phoswich
array (PR-PHS-P-7: 3.25; AECL-9995) were heat bonded, and a phoswich
detector was aluminized for the particle group.

Rolled Zr2.5Nb foils and a ZrO2 thickness color gauge were produced for
collaborative liquid/solid studies at Queen's University.

Work has continued on producing electroplated films of cadmium. Films
have been electroplated on nickel and stainless steel backings but efforts
to produce a self-supporting film have failed.

Preparation of Materials for Other Branches

Highly-polished stainless-steel surfaces were coated with inconel and gold
layers for the Accelerator Physics Branch.

Mirrors were coated with evaporated aluminum for the Mechanical Equipment
Development Branch.

Mirrors were coated with evaporated gold for the Physical Chemistry
Branch.

Mylar targets were coated with evaporated gold for the Physical Chemistry
Branch.

3.2.15 Progress in Accelerator Mass Spectrometry

H.R. Andrews, G.C. Ball, W.G. Davies and V.T. Koslowsky with
B.F. Greiner and Y. Imahori (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 directed
toward 36C1 detection and the second served to commission the automatic
control system with 14C samples. These will be discussed in turn.



3-35

a) 36C1 Detection

The Bragg detector described previously (PR-PHS-P-6: 3.2.14; AECL-9859)
was lengthened to minimize dead-gas path length between the window and the
active volume of the detector. With this configuration and the UNIS
source, 36C1 was successfully detected against a manageable 36S
background. Some 37C1 ions were detected also but these should be
suppressed by the velocity filter, which was not used in these tests.
There was evidence that some of the 36S may have been coming from the Ta
sample holders because the 36C1 and 36S signals peaked at slightly
different values of the inflection-magnet field.

The resolution of the Bragg detector is still not as good as that reported
in the literature. It is degraded by electrical pickup when the detector
is mounted on the beam line. Efforts will be directed towards reducing
this problem through changes in grounding and capacitative grounding of
the grid in front of the anode.

b) Automatic Control System Commissioning

The second run was directed toward the achievement of fully automated
operation. This goal was realized and included field control of the
injector magnets. Time constraints did not permit useful measurements of
14C in scientific samples.

3.2.16 Equilibrium Charge-State Distribution Measurements for Heavy Ions
in Carbon

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

The equilibrium charge-state measurements required to select the optimum
charge-state combinations for future cyclotron beams have continued (PR-
PHS-P-6: 3.2.15; AECL-9859). New measurements were carried out for
15-45 MeV 63Cu, 20-90 MeV 90Zr, 30-90 MeV 115In and 40-100 MeV 197Au. In
all cases, significant deviations from the predictions of semi-empirical
formulae were observed (K. Shima et al., Atomic Data and Nuclear Data
Tables 34 (1986) 357 and references contained therein). These data also
show that the foil thicknesses required for the dominant charge fractions
to approach equilibrium are significantly less than those for low-
intensity charge states. As a result, 10 mg/cm2 foils should be adequate
for most cyclotron beams.

3.2.17 The Diagnostic Probe for the Superconducting Cyclotrcr. Extraction
Channel

N.C. Bray, W.G. Davies and R.E. Howard

The slightly modified version of the extraction-channel probe (PR-PHS-P-6:
3.2.23; AECL-9859) has been in regular operation since February 28 of this
year, and has already demonstrated its value as a diagnostic tool. Only
two problems have been encountered with its operation, the first being a
step-down in size of the beam pipe leading to the extraction channel,
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causing the probe to "hang-up" in this area, and preventing insertion.
Remote tooling was developed to insert a teflon "coil spring" into the
bellows immediately preceding this obstruction, this spring acting as a
"funnel" to guide the probe head. This proved to be a totally successful
solution. The second problem has been ice that forms along the first
15-20 cm of the channel near its entrance. This ice has caused the probe
to freeze fast on two occasions. On the latter occasion, beam heating was
all that was required to free the probe head.

Evidence for large vertical deflections of the beam has been seen which
emphasizes the need for better vertical information in addition to the
horizontal information already provided. (The probe only has "horizontal"
position segments at present.) The design and construction of a four-
segment head to fit the curved 8 mm x 13 mm extraction channel has been a
significant challenge, complicated by the soldered-in cooling tubes that
occupy the corners of the channel. The four-segment probe assembly is now
75% completed, and it includes a new, improved drive strip and a new take-
up reel.

The two-segment probe currently in use will be upgraded to a four-segment
assembly. This will provide a complete back-up probe, and the probe
drive-system design allows for a rapid changeover time of about 1/2 hour
plus pump-down time. With the higher-power beams expected soon from the
cyclotron, this spare extraction-probe assembly must be considered
essential.

3.2.18 Cyclotron Mid-Plane Measurement Platform

N.C. Bray and F.J. Sharp

Further development work has been carried out to make this a more
versatile instrument. A second rotating turntable has been added, with a
horizontal axis, stacked on the vertical axis turntable. This permits
vertical dial indicator sweeps to be made. Locks and memory stops have
been added to both turntables.

The angular position of the platform with respect to magnet "0" can now be
measured. A 2000-bit shaft encoder driven by a wheel, which contacts the
cryostat liner inner wall, has been spring-mounted on one of the
platform's support legs. A readout system has been built to provide a
direct L.E.D. display of degrees of rotation with a resolution of 0.01°.
Work is continuing to improve the repeatability of this measurement.
Accuracy problems are thought to be at the "0"-ring-rimmed drive
wheel/cryostat wall interface.

Suitable dial indicators and magnetic multi-position bases are being
sought to enable measurements to be taken of the difficult-to-access
components in the dee-mounted deflector.
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3.2.19 Betatron Oscillations in the Superconducting Cyclotron

V.G. Davies

A report has been written and published as SCC Note (Series II) #47 that
outlines the origins of betatron oscillations in the cyclotron, their
precessional behavior and interpretation. This document is meant as an
instructional aid as veil as a compendium of useful formulas that can be
applied to the interpretation of turn patterns as measured by the radial
diagnostics probes in the cyclotron. The following concepts are
elaborated in some detail in the document: The terms "betatron frequency"
and "wave length" are defined and the connection between the focusing
strength and the betatron frequency and amplitude is exhibited. The
concept of resonance is introduced, and formulae to calculate how the
betatron oscillations precess when they are not resonant are derived and
discussed, both for the cases when the frequency is "constant" and when it
is changing significantly during the precessional cycle. The terms
"coherent" and "incoherent" betatron oscillations are also defined and
examples are given to illustrate these concepts and their interpretation
in the cyclotron. The case where the focusing strength and hence the
betatron frequency is changing significantly within one betatron period is
included and the basic equations of motion are derived. Finally, the
concept of adiabatic damping is developed and formulas are derived that
can be used to calculate how the betatron amplitudes and divergence angles
vary in the cyclotron as a result of the acceleration of the beam and as a
result of the continuously changing focusing strength.

These concepts are illustrated by figures and examples from the cyclotron,
and possible consequences of some of this behavior to the problems we have
encountered with extraction are outlined.

3.2.20 Linear and Non-Linear Effects of the Fringe-Field on the Final
Turns in the Superconducting Cyclotron

V.G. Davies

The last three to five turns before extraction occur in the fringing-field
region of the main magnetic field in the cyclotron where there is a strong
and rapidly varying radially-defocusing field gradient as well as a large
field curvature or sextupole component. Because of the small gap width
and also because the electrostatic deflector is in a "valley" instead of a
hill, where it is located in most cyclotrons, these effects are much more
pronounced in our cyclotron. The small hill gap results in a sharply
falling fringe-field, and the fact that the deflector is in a valley means
that the mean radius of the extraction orbit is outside the extraction
point rather than inside it as is usual. This effectively pushes the last
orbits further out into the fringing field where the gradients are
stronger. In fact, the radial betatron frequency vr goes as low as 0.2
for low-energy, low-field beams, and is less than 0.6 even for the highest
field beams, whereas the "rule-of-thumb" is that one extracts around vr =
0.8 (E.H. Lindqvist, private communication). Here we define vt to be the
betatron frequency of an equilibrium orbit at the radius in question. The
consequences of this situation are being investigated with the aim of
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attempting to understand some of the reasons for poor extraction
efficiency, especially at low mean magnet fields (PR-PHS-P-6: 3.2.24;
AECL-9859).

In this regard, a computer program has been written that numerically
integrates the "amplitude function" (PR-PHS-P-7: 3.2.19; AECL-9995 and SCC
Note Series II #47) and the optical phase advance of the beam over the
last few turns. In these calculations, the mean focusing strength per
unit length is calculated from the values of vz computed by the orbit
dynamics code TRIUMF3. Only the lowest harmonic of the field flutter has
been included in these calculations, and the resonant decentering is
parameterized and forced. (Neither the centered, or decentered, central
ray is computed here, only the effects of the decentering on the focusing
function and hence on the beam envelope is being computed.) The results
show that the beam "blow-up" resulting from the Iocs of the radial
focusing in the fringe-field is quite large, reaching 1.75 times its
starting value in the case of a 107Ag - 6.5 HeV/u beam. (The adiabatic
formula for the "undamping" effect of the change in focusing would predict
a factor of 2.13.) The calculations can also qualitatively reproduce the
often observed phenomenon that the penultimate turn is wider than the
extracted turn, although the magnitude of the broadening is not
reproduced. The main result of these calculations is to confirm that even
though the focusing strength is varying extremely rapidly throughout the
last turn, the beam broadening is still significant and is more closely
associated with the final value of vx than with the average value.

The question now arises as to what extent the nonlinearities in the
magnetic field come into play. The program is being extended to include
these, but the effects of both the linear and non-linear resonances that
can occur in the extraction region of the cyclotron are also being studied
analytically. There are several resonances that can be excited near
extraction, by various "field errors" in addition to the resonant
decentering deliberately introduced at i/r = 1. These are vz = 1/2, driven
by the first harmonic in the field, vz = 1 driven by a second harmonic in
conjunction with the quadrupole field (this should be very weak), and most
importantly the Walkinshaw resonance that occurs when vr = 2vz. This
resonance is driven by the field curvature or sextupole component in the
fringe-field, and requires no "harmonic" errors in the field. The effects
of this resonance, which causes beam blow-up in the vertical direction,
has been seen on at least two occasions when the number of turns exceeds
about 140. Finally, if mid-plane symmetry is broken, we can generate a
rotated or "skew" quadrupole field that can drive the er = vz resonance.
This resonance, like the Ualkinshaw resonance, can occur without the
necessity of harmonic errors in the magnetic field, but because the mid-
plane asymmetry is not nearly as large as the sextupole field, one would
expect the vc = vz resonance to be much less of a problem than the
Valkinshaw resonance. The analysis of these effects is continuing.
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3.2.21 TASCC Electronics Development

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

The installation of 6 capacitive pick-up discs with individual charge
sensitive amplifiers on the end of each of the shorting rods in the Tandem
accelerator has been completed (PR-PHS-P-6: 3.2.19; AECL-9859). These
detectors provide important diagnostic Information about voltage
fluctuations along the tandem column structure. Unfortunately, the Data
6000 Digital analyser employed for evaluation of the signals received has
had to be returned to the factory for replacement of a failed
microprocessor card. This has made it impossible to evaluate the
additional diagnostic information available from the column structure.

Vacuum tube buffer amplifiers were installed on the input leads from the
various column signals to overcome equipment failure from terminal
breakdowns (PR-PHS-P-5: 3.2.13; AECL-9758). There have been no failures
in the past four months since this installation. A prototype circuit for
real-time measurement of chain slippage (PR-PHS-P-5: 3.2.13; AECL-9758)
has been demonstrated on one chain.

The modified Generating Voltmeter (GVM) (PR-PHS-P-4: 3.2.12; AECL-9680) is
now in use. The effect has been to reduce random variations in the
terminal voltage readout from one part in -1400 to one part in 14000.
This was primarily because of reduction in the amount of 60 Hz pick-up.
Linearity tests are now continuing. It is possible to switch back and
forth between the new and old systems instantaneously for comparisons.

3.2.22 Computer Control System

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

See PR-PHS-P-7: 4.5; AECL-9995.

3.2.23 NOS/BE to NOS/VE Conversion

E.H. Lindqvist (TASCC Accelerators and Development Branch) with
C.R.J. Hoffmann (Accelerator Physics Branch), W.G. Davies and
M.A. Thompson and R. Roiha (Mathematics and Computations Branch)

See PR-PHS-P-7: 4.3.9; AECL-9995.

3.2.24 Bunched Beam Diagnostics

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

See PR-PHS-P-7: 4.2.3; AECL-9995.
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3.3 PHASE II

Phase II is proceeding well and is currently three months ahead of
schedule.

3.3.1 Beam Transport System Magnets and Power Supplies

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

Commissioning of the TASCC Phase II beam-transport magnets and power
supplies needed for target locations T5 and T9 is complete (PR-PHS-P-6:
3.3.2; AECL-9859). This includes the installation and commissioning of
the three remaining NMR probes as well as the calibration of these dipoles
(I vs. B) needed for automatic set-up by the control computer. In
addition, all steerers and their associated power supplies are
commissioned.

Analysis of the quadrupole field-mapping data (PR-PHS-P-5: 3.3.5; AECL-
9859) has been completed for the remaining 21 quadrupole elements, and
these data have been given to the computer-control group for inclusion in
the BTS set-up program. This completes the installation and off-line
commissioning of the BTS system for Phase II. Final commissioning of the
whole beam-transport system with beam will take place early in the next
quarter.

Documentation of the system is progressing satisfactorily and is scheduled
to be complete by the end of the year. In addition, the necessary
inventory of spare parts is being assembled, and a testing program for the
more critical spares is also in progress.

3.3.2 Beam Line and Installation

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

Beam lines to target locations T6 and T7 are complete. The beam line to
T5 - the angular correlation table - is in place but not yet commissioned.
Beam lines to T8 and T9 are about 10£ complete. All remaining work is
expected to be completed on schedule.

3.4 PUBLICATIONS, DOCUMENTS AND TALKS

Publications and Reports

THE DIRECT DETERMINATION OF THE MASSES OF UNSTABLE ATOMS WITH THE CHALK
RIVER ON-LINE ISOTOPE SEPARATOR
K.S. Sharma, H. Schmeing, H.C. Evans, E. Hagberg, J.C. Hardy and
V.T. Koslowsky
Nucl. Instr. & Meth. A275 (1989) 123
AECL-9836

THE DECAY OF 20Na: MEASUREMENT OF ISOSPIN MIXING AND THE WEAK VECTOR
COUPLING CONSTANT AS WELL AS OTHER NEW DECAY DATA
E.T.H. Clifford, E. Hagberg, J.C. Hardy, H. Schmeing, R.E. Azuma,
H.C. Evans, V.T. Koslowsky, U.J. Schrewe, K.S. Sharma and I.S. Towner
Nuclear Physics A493 (1989) 293
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THE TANDEM ACCELERATOR SUPERCONDUCTING CYCLOTRON (TASCC) FACILITY SAFETY
MANUAL
G.C. Ball, N. Burn, J.H. Ormrod and D.C. Radford
AECL-MISC-263 (Rev. 1)
1989 March

DEFLECTION OF GeV PARTICLE BEAMS BY CHANNELING IN BENT CRYSTAL PLANES OF
CONSTANT CURVATURE
J.S. Forster, H. Hatton, R.J. Toone, G. Este, S.I. Baker, R.A. Carrigan,
Jr., W.M. Gibson, R.L. Wijayawardana, L. Emman-Wori, J.A. Ellison and
B.O. Kolbesen
Nuclear Physics B318 (1989) 301

THE DESIGN OF ION-OPTICAL SYSTEMS FOR MEDICAL AND INDUSTRIAL IRRADIATION
W.G. Davies
Nucl . I n s t r . and Meth. in Phys. B4J. (1989) 1178

BETATRON OSCILLATIONS, THEIR ORIGIN, PRECESSIONAL BEHAVIOR AND
INTERPRETATION IN THE CYCLOTRON
W.G. Davies
SCC Notes #47, Series II

ADDITIONAL SUPERDEFORMED STATES IN THE CONTINUUM OF 149Gd
P. Taras, S. Flibotte, J. Gascon, B. Haas, S. Pilotte, D.C. Radford,
D. Ward, H.R. Andrews, F. Banville, J.K. Johansson and J.C. Waddington,
Phys. Lett. 222B (1989) 357

ROTATIONAL BANDS AND BAND CROSSINGS IN 119Xe
V.P. Janzen, J.A. Cameron, M.P. Carpenter, J.K. Johansson, S. Monaro,
S. Pilotte, D.G. Popescu, D.D. Rajnauth, L. Riedinger, W. Schmitz and
J.C. Waddington
Phys. Rev. C39 (1989) 2050

IRREGULARITIES AT HIGH SPIN IN THE ODD-ODD NUCLEUS 158Tm
M.A. Riley, Y.A. Akavali, C. Baktash, M.L. Halbert, D.C. Hensley,
N.R. Johnson, I.Y. Lee, F.K. McGowan, A. Virtanen, L.H. Courtney,
V.P. Janzen, L.L. Riedinger, L. Chaturvedi and J. Simpson, Phys. Rev. C39
(1989) 291

Invited Lectures

STUDY OF EVAPORATION SPECTRA IN COINCIDENCE WITH SUPERDEFORMED BAND OF
133Nd USING AN ARRAY FOR LIGHT PARTICLES
A. Galindo-Uribarri
Invited talk at the Gordon Conference on Nuclear Chemistry, New London,
New Hampshire, U.S.A., 1989 June 12-14.

DEFLECTION OF GeV PARTICLE BEAMS BY CHANNELING IN BENT Si CRYSTALS
J.S. Forster
Colloquium presented at Cologne University on 1989 May 2 and University of
Naples on 1989 May 5.
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STUDIES OF SUPERDEFORMED NUCLEAR STATES
D. Ward
Seminar presented at Stony Brook, SUNY, 1989 February.

RECENT RESULTS WITH THE 8TT SPECTROMETER
D. Ward
Invited talk at the Eastern Region Meeting, Universite Laval, 1989 March

MULTIPLE SUPERDEFORMED BANDS IN 153Dy
D. Ward
Invited talk at the Gordon Conference on Nuclear Chemistry, New London,
New Hampshire, 1989 June 12-16.

RECENT RESULTS WITH THE 8* SPECTROMETER
H.R. Andrews
Invited talk at the Western Regional Nuclear Physics Conference, Lake
Louise, Alta., 1989 February 17-19.

CANADA'S NUCLEAR EDGE
H.R. Andrews
Public Affairs talk given to the Ingleside Rotary Club, 1989 March 15 and
the Belleville Rotary Club, 1989 May 1.

RECENT DEVELOPMENTS FROM THE 8TT COLLABORATION
S. Pilotte
Seminar given at the University of Tennessee, Knoxville, 1989 May 19.

SEARCH FOR RESONANCE RELATED TO THE SHARP POSITRON-ELECTRON PEAKS IN
HEAVY-ION COLLISIONS
T.K. Alexander
Invited talk at the 1989 CAP Congress, University of Guelph, Guelph,
Ontario, 1989 June 26-28.

PRECISE 0-DECAY HALF-LIVES FOR THE DETERMINATION OF THE WEAK VECTOR
COUPLING CONSTANT
V.T. Koslowsky, E. Hagberg, J.C. Hardy, H. Schmeing, K.S. Sharma and
X.J. Sun
Colloquium presented at TRIUMF, Vancouver, 1989 June 9.

Conference Abstracts and Submissions

MEASUREMENTS OF THE MASS DIFFERENCES OF LIGHT INDIUM ISOTOPES
E. Hagberg, K.S. Sharma, G. Dyck, V.T. Koslowsky, H. Schmeing and
J.C. Hardy
Conference abstract submitted to the Eastern Regional Nuclear Physics
Conference, Quebec City, P.Q. 1989 March 17-19.

SEARCH FOR BAND TERMINATION IN 12«Ba
S. Pilotte and the 87T collaboration.
Contribution to the Eastern Meeting of the Canadian Association for
Physics, Mont. St-Anne, Quebec, 1989 March 18-20.
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AN IMPACT PARAMETER TAG FOR HEAVY ION COLLISIONS AT INTERMEDIATE ENERGIES
C. Pruneau, G.C. Ball, E. Hagberg, D. Horn, L. Potvin, C. Rioux,
C. St-Pierre, T.E. Drake, A. Galindo-Uribarri, G. Zwartz, D. Cebra,
S. Howden, J. Karn, C. Ogilvie, A. Van der Molen, G.D. Westfall,
J. Winfield and K. Wilson
Conference abstract submitted to the Meeting of the American Physical
Society, Washington, D.C., 1989 May 1-4.

STRUCTURE CHANGES AT HIGH SPIN IN a6Zr
C.J. Lister, P. Chowdhury, P. Ennis, B. Crowell, J. Johannson,
J.C. Waddington, S. Pilotte, H.R. Andrews, D. Horn, D. Radford and D. Ward
Conference abstract submitted to the Baltimore Meeting of the American
Physical Society, Baltimore, Maryland, 1989 May 1-4.

CHANNELING STUDIES USING BEAMS FROM SIS/ESR
J.S. Forster
Conference c o n t r i b u t i o n presented a t the Workshop on Atomic Physics
Experiments a t SIS/ESR, Lindenfels , West Germany, 1989 Apr i l 26-29.

PRECISE 0-DECAY HALF-LIVES FOR THE DETERMINATION OF THE WEAK VECTOR
COUPLING CONSTANT
V.T. Koslowsky, E. Hagberg, J . C . Hardy, H. Schmeing, K.S. Sharma and
X.J. Sun
Conference abstract and talk to the XXIII Yamada Conference, Toyonaka,
Osaka, Japan, 1989 June 12-15.

SCATTERING RECOIL COINCIDENCE SPECTROMETRY: A NEW EXPERIMENTAL TECHNIQUE
FOR PROFILING HYDROGEN ISOTOPES IN LOW-Z THIN FILMS
J.S. Forster, J.R. Leslie and T. Laursen
Conference contribution presented by J.S. Forster at the Ion Beam Analysis
Conference, Queen's University, Kingston, 1989 June 26-30.

AN ARRAY FOR LIGHT PARTICLES
A. Galindo-Uribarri, T.E. Drake, G. Zwartz, T.K. Alexander, G.C. Ball,
J.S. Forster and the 8n Collaboration
Submitted to 1989 CAP Congress, University of Guelph, Guelph, Ontario,
1989 June 26-28

SUPERDEFORMED BANDS IN 153Dy
J.K. Johansson and the 871 Collaboration
Conference abstract submitted to the 1989 Eastern Regional Nuclear Physics
Conference, Quebec City, P.Q., 1989 March 17-19.

PRELIMINARY RESULTS FROM 87t TRIPLE GAMMA-RAY COINCIDENCES
V.P. Janzen and the 8n Collaboration
Conference abstract submitted to the 1989 Eastern Regional Nuclear Physics
Conference, Quebec City, P.Q., 1989 March 17-19.

MEASUREMENTS OF THE MASS DIFFERENCE OF LIGHT INDIUM ISOTOPES
E. Hagberg, V.T. Koslowsky, H. Schmeing, J.C. Hardy, K.S. Sharma and
G. Dyck
Conference abstract submitted to the 1989 CAP Congress, University of
Guelph, Guelph, Ontario, 1989 June 26-28.
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HIGH-SPIN SPECTROSCOPY IN 124Ba
S. Pilotte, H.R. Andrews and the 8n Collaboration
Conference abstract submitted to the 1989 CAP Congress, University of
Guelph, Guelph, Ontario, 1989 June 26-28.

PRELIMINARY RESULTS FROM 8JT TRIPLE GAMMA-RAY COINCIDENCES
8pi Collaboration
Conference abstract submitted to the 1989 CAP Congress, University of
Guelph, Guelph, Ontario, 1989 June 26-28.

THIN PLASTIC SCINTILLATOR DETECTOR USED AS A TIME ZERO DETECTOR OR FLUX
MONITOR
A. Galindo-Uribarri, T.E. Drake, G.C. Ball, J.S. Forster, D. Horn,
E. Hagberg and C. Pruneau
Conference abstract submitted to the 1989 CAP Congress, University of
Guelph, Guelph, Ontario, 1989 June 26-28.
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4.1 CYCLOTRON

4.1.1 Main Magnet Intelligent Controller

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

The LSI-11 controller has been installed and routinely supervises the
magnet operation. The software carries out the duties of the original
4044 controller with improved detail in operation logging, and the added
ability to shut down the magnet automatically. Some minor revisions to
the software in the light of operating experience are in hand.
Repackaging of the IGOR interface, bubble memory and alarm circuits are
proposed to reduce competition for scarce rack space.

A mechanical upgrade to the main lead-flow control has been completed.
Lead-flow control software has been revised and is under test with the
help of some additional circuits in the magnet simulator. This software
can be transferred to the operating system as soon as tests are completed.

The magnet IGOR interface front panel has been modified to indicate fault
states. At present, four states are indicated by LED panel lights: 1)
printer failure; 2) switchgear, failure to open; 3) main lead over-
temperature; and 4) lead-flow stepping-motor control failure. Concurrent
with the signalling of any one of these faults, a closing contact is
provided for the annunciator in the control room.

The third failure in approximately two years of some of the 21 voltage-
tap-monitor relays has been traced to the buildup of tarnish on the
silver-plated contacts in these relays. The currents passing through the
contacts in this application are too low to clean off the corrosion.
Replacement relays with gold-plated, low-current contacts have been
obtained and will be installed at the first opportunity.

4.1.2 Dump Switchgear Control Panel

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

A new panel has been completed and installed. It provides the same manual
switchgear control as the original panel, but the role of the automatic
dump relays has been assumed by the new satellite controller. Emergency
metering is now digital, powered from the magnet bus, and reads down to a
few amperes before extinguishing. The panel is fully operational.

4.1.3 Flexible Supply Lines for Lower Magnet Pole

R.E. Milks and R.R. Tremblay

A design has been completed and parts procured to install flexible cable
guides and flexible service connections to the lower pole of the
cyclotron. Installation of the new hardware will allow operators to lower
the pole with most of the control and service circuits still connected;
opening and closing of the cyclotron should be several hours faster as a
result. Installation is expected to begin in the near future.
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4.1.4 Additional Beam Diagnostics

R.E. Milks, R.R. Tremblay, with J.A. Hulbert (Accelerator Physics
Branch) and D.R. Proulx (Mechanical Design Branch)

A new six-finger aperture was designed, fabricated and installed on the
extraction-channel entrance. Its purpose is to provide information about
beam position and size at its point of entry into the long and narrow
channel. The system vas tested during a run and assisted us greatly in
extracting a beam from the cyclotron.

Additional "scraper" plates for detecting beam offsets have also been
installed at the entrance to hill-lens # 2. Leads to all these plates run
through the r.f. cavity and are attached to specially installed cooling
lines. This installation is somewhat precarious because of its passage
through high r.f. fields, and it must be regarded as experimental until it
has been thoroughly tested in pi-mode operation.

4.1.5 Radial Probes

J.A. Hulbert (Accelerator Physics Branch), R.E. Milks, R.R.
Tremblay and D.R. Proulx (Mechanical Design Branch)

Spurious beam-current readings from the integral plate have indicated
problems with secondary electron emission, perhaps in combination with
r.f. pickup. In addition, heating problems were experienced with the two
movable radial probes during the 5.12 MeV/u 127I Ji-mode run. The first
and fifth probe fingers were removed temporarily, and a shield was
installed to try to reduce the r.f. heat load on the remaining probe
fingers. Vhile this approach alleviated some problems, it became obvious
that a radical re-design of the probe heads was called for.

The new design retains the integral-current plate and axial array of five
fingers, but also includes an integral radio-frequency shield with good
thermal contact to the water-cooled probe barrel. It also includes an
axially oriented, thin-wire sensor for high spatial resolution and the
ability to detect turns that have crossed inside other turns. In
addition, there is better vacuum sealing of the head from the inside of
the probe barrel and a plug-in mounting for efficient maintenance. The
design is almost finished, and machining has begun.

4.1.6 Cavity Modifications for Pi-mode Operation

J.A. Hulbert (Accelerator Physics Branch)

The prototype cavity-wall cooling lines have been removed and replaced
with a well-engineered cooling-distribution manifold. The hill-lens
cooling lines have been connected to this manifold and, at the same time,
the hill-lens covers have been removed and the hill lenses silver plated.
This removes some potential obstructions to the outermost orbit and also
removes undesirable thermal resistances to cooling of the r.f.-heated
surfaces.
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A second cooling line has been installed which runs along the path of the
internal cabling to the new six-finger aperture, to provide cable cooling
against the absorption of r.f. power.

Two further manifold connections remain for cooling of the radial-probe
port areas under hills 1 and 2. Two silver-plated cooling panels have
been fabricated to fit between the upper and lower poles at hills 1 and 2
against the outer cavity wall. These panels bolt to the outer wall and
provide r.f. spring contacts to the hill surfaces and the two radial-probe
ports. The panels connect to the cooling-water manifold in upper valley
2-3 and will be installed when the pole is lowered.

These panels, to be installed at the end of July, are the final additional
cooling-elements planned before the next tests of Ji-mode heating.

4.1.7 Foil Changer

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

When the foil-changer was removed for the installation of the cavity
internal cooling manifold, it was noted that the vacuum feedthrough for
the shaft drive was binding because of bearing wear. The feedthrough was
replaced before the foil changer was reinstalled.

The foil-changer transport chain drive jammed in routine operation, after
the rotary vacuum feed-through had been replaced. The problem was
corrected by modifying the feedthrough drive cap. Resulting changes in
azimuthal reference positions required retuning of the system to achieve
consistent foil loading.

4.1.8 Probe Data Analysis

E.G. Long and R.R. Roiha (Mathematics and Computation Branch)

The probe-data-analysis programs presently running on the Concurrent 3230
computer of Nuclear Physics Branch are being converted to run on a
dedicated micro-computer. A program was written to collect data from a
real probe scan, and operation of the communications software was
verified. In addition, the data-acquisition program operated correctly
with the data from the real scan, which was saved as a data file.
Finally, the data-acquisition program has demonstrated pseudo-real-time
operation from internally-generated data. The program is presently ready
for real-time testing, where a data-stream from a probe scan is collected
and displayed in one operation. It is anticipated that code to handle
data-transmission errors will have to be developed.

This program is written in Turbo C, with the graphics software supplied
with the language. The communications software used is the "Greenleaf
Comm Library". A second program, PATTURN, which analyses probe-data, has
been transferred to the micro-computer, but runs without the graphics
displays. The conversion of the graphics software used by this program is
just now beginning.
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4.1.9 Electrostatic Deflector

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

Development and testing of deflector-system insulators continued, with the
high voltage test stand as well as the cyclotron itself used for tests.
Before installation in the cyclotron, all insulators operated
satisfactorily in the test stand. High-voltage performance in the
cyclotron did not improve beyond 60 kV despite increased vacuum pumping to
the insulator regions, although a further decrease in leakage current was
achieved. There is evidence that support insulators are degraded in the
cyclotron. Some support insulators, tested in the test stand after
operation in the cyclotron for a week, have shown leakage currents up to a
factor of 4 larger than values obtained before installation. Feed
insulators have not shown a similar behaviour.

An alternative support insulator system was fabricated, tested in the test
stand and used in the cyclotron. The single insulator post, made from
Macor coated with a thin layer of Cr2Q3 and oriented across magnetic field
lines, was positioned between electrodes spaced 36 mm apart. This
replaced two, 23 mm Macor posts oriented along the magnetic-field lines.
There was no improvement attained beyond a deflector-electrode voltage of
60 kV.

The deflector test stand was modified to accommodate the whole deflector
electrode assembly, which operated to the desired 100 kV on the deflector
electrode. Two experiments were performed to determine the effects of
vacuum degradation on deflector performance. Vacuum pressure was varied
from 10*6 to 10-3 Torr, with a controlled leak of dry nitrogen, without
any significant change in deflector performance. The introduction of a
vial of roughing-pump oil into the system also caused no significant
change in performance.

A series of deflector experiments has been performed in the cyclotron to
attempt to identify specific problem areas. The cathode system was
assembled and tested, with one piece added at a time, beginning with the
high-voltage feed insulator, terminated with a smooth, metal nose-piece.
Measurements of leakage current and voltage were made, with and without a
2.5 T magnetic field. Leakage current was also measured, with and without
magnetic field, for a hangar with a short electrode and for the full
assembly.

All three assemblies showed the general behaviour that leakage currents
for voltages of 50 kV and above are higher with the magnetic field on than
with the magnetic field off. Repeated zero-field measurements following a
test with magnetic field show higher leakage currents than the
measurements made before the magnetic field was applied. Analysis of data
and further experiments will continue.
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4.1.10 Electrostatic-Deflector Insulator Development

K. Brown, N. Jacob and K. Faulkner (Deep River Science Academy)
and G.R. Mitchel with C.R.J. Hoffmann and J.F. Mouris (Accelerator
Physics Branch)

Since evidence indicates that the support insulator may be a weakness in
the deflector, a program of insulator fabrication and testing has begun,
with the deflector test stand, to determine the merit of using chromium
trioxide coatings (Cr2O3) on Macor (ceramic) insulators of various
lengths. These coatings have been reported to improve the performance of
alumina insulators greatly. They reduce the secondary-electron emission
coefficients and thereby limit the propagation of discharges along the
surface. The tests are still in the planning stages at the end of the
report period.

4.1.11 Equilibrium Charge-State Distribution Measurements for Heavy Ions
in Carbon

G.C. Ball, T.K. Alexander, H.R. Andrews, V.G. Davies and
J.S. Forster (Nuclear Physics Branch)

See PR-PHS-P-7: 3.2.16; AECL-9995.

4.1.12 The Diagnostic Probe for the Superconducting Cyclotron Extraction
Channel

N.C. Bray, V.G. Davies and R.E. Howard (Nuclear Physics Branch)

See PR-PHS-P-7: 3.2.17; AECL-9995.

4.1.13 Cyclotron Mid-Plane Measurement Platform

N.C. Bray and F.J. Sharp (Nuclear Physics Branch)

See PR-PHS-P-7: 3.2.18; AECL-9995.

4.2 RADIOFREQUENCY SYSTEM

4.2.1 Power Amplifier System Operation

E.P. Stock with J.E. McGregor (Accelerator Physics Branch),
S.G. Whittle, and G.R. Mitchel

In January, the 5 kW driver-amplifier tuner jammed, requiring a complete
disassembly and fingerstock replacement. The electrical cabling was
upgraded for easier future disassembly. The bearings were replaced with
sealed ball bearings and various mechanical components were remachined.

Most components for the off-line water loads, for both the 5 kW driver
stage and 100 kV final stage, have been received and are being installed,
and the transmission lines modified for switching loads from the cyclotron
to the water loads. These water loads will allow the driver and power
amplifiers to be tuned and run independently of the cyclotron as an aid to
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set-up and diagnostic activities. Instrumentation has been specified and
ordered for monitoring water flow rates and temperatures.

During the 13 MeV/u silver run on May 12, the 13 cm. flexible r.f. drive-
line burst into flames under the cyclotron and was extensively damaged.
An examination of the coupling immediately downstream from the fire
indicated that the contact had probably never been tight. The reason for
the long-standing observation that the coupling was warm under power is
now very clear. While considerable reverse r.f. power must have been
generated as the line failed, the only directional coupler operating in
the line was too far away upstream to detect the problem. A replacement
line has been built and installed, and the coupling is now cool to the
touch at all times. A purchase order has been placed for additional
instrumentation that will detect reverse power anywhere in the line and
turn off the power amplifier if any level beyond preset limits is
detected.

4.2.2 Bvnchers and Phase Control System

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

Both the low-energy buncher (LEB) and the high-energy buncher (HEB) have
performed reliably over the six month period. The automatic frequency-
control circuit of the HEB controller was repaired without loss of beam
time. Re-design and re-building of the HEB controller into a more
serviceable form is partially complete. Improvements to the bandwidth of
the beam-pulse detection system (see section 4.2.3) now allow the injected
bunch phase width to be set to as low as 4° r.f. This improvement, in
conjunction with the thin-wire probe currently under development (see
section 4.1.5), will allow measurements of cyclotron beams with a spatial
resolution of 0.2 mm or better.

Six bunched beams have been delivered to the cyclotron during the
reporting period, for eight cyclotron runs. Injection amplitude stability
was better than + 2 % and phase stability better than + 1° r.f. (typically
+ 0.5° r.f.)- With the improvements made to the beam-pulse detection
system, we can measure bunch widths as low as 220 ps FWHM. The typical
bunch widths measured are 275 ps or 5° r.f., including about 1° total
phase jitter.

4.2.3 Bunched Beam Diagnostics

G.R. Mitchel with J.J. Hill (Nuclear Physics Branch)

A third capacitive phase probe (PP3) has been installed on the extraction
beam line to monitor the bunched, extracted current directly. It has a
response time of 1.9 ns and is sensitive to currents > 5 nA. Its time-
averaged signal provides homodyne detection of the extracted beam, an
important cross-check to direct current measurement with Faraday cups,
probe fingers, or scrapers.

A third beam pulse detector (BPD3) with 100 ps response time has been
built and awaits installation on the extraction beam line. Its very high
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bandwidth will allow measurement of the extracted-beam. bunch width. By
comparing that quantity with the injected-beam bunch width, we can begin
to sort out the effect of phase slip (lack of isochronism) within the
cyclotron and phase jitter on the dees themselves.

Overall, the bandwidth of the beam-pulse detection system has been
increased from about 500 MHz to 3 GHz (100 ps response time) by use of a
different r.f. clock with much lower jitter. This allows us to set the
buncher voltages more precisely, which results in a sharper time focus at
the cyclotron stripper and narrower orbits.

4.2.4 R.F. Stability Measurements

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

Beam stability and its effect on extraction efficiency has been the object
of much investigation over the report period. In late 1988 (see PR-PHS-P-
6: 1.6; AECL-9859), the extracted-beam current was observed to drop to
zero intensity on a 60 Hz time scale. It was surmised that r.f.
instabilities were responsible for the observed beam instability, and it
was hoped that improvement of the r.f. stability would "fill in" the
dropouts and increase the efficiency of beam extraction considerably.
Detailed investigations showed that a major component of the observed
instability was produced by the Faraday-cup multiplexor system (see
section 4.2.5), and not by the r.f. system.

Small capacitive pickups, mounted in each hill and facing the dees,
provide r.f. signals regularly used to set the overall power level and to
balance the dee voltages. These eight signals were monitored individually
to check dee-to-dee phase and voltage stability, as well as the phase and
amplitude stability of the r.f. field in a given accelerating gap with
respect to the master oscillator. The results are summarized in Table
4.2.4.1. Overall, the phase stability is excellent. While the amplitude
stability could be improved, there is no immediate concern.

TABLE 4.2.4.1

DEE-TO-DEE PHASE AND AMPLITUDE STABILITY MEASUREMENTS

Quantity Value Frequency Components
Comments

abs. dee phase stability < + 0.25°
A6 (dee vs synthesizer)

A8 (dee 1 vs dee 2) < 0.1°

dee imbalance several %

" Vd..2)

3Hz, 30Hz
value limited

noise measurement limit

adjustable with balance
capacitors but absolute
read-back accuracy i s
limited.

voltage ripple < 0.4Z 30, 60, 120, 180 Hz
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In February 1989, ii ŵ .s discovered that our r.f. synthesizer produced an
unacceptably wide spectrum, with sidebands as high as -27 d3 at ± 60 Hz
from the r.f. carrier. The synthesizer was replaced with a different
model, which has sidebands no greater than -70 dB at ± 120 Hz. The
results given in table 4.2.4.1 were all taken with the new synthesizer.
The ripple of 0.4 % is an upper limit, because of the difficulties
involved in measuring low-level power-line frequency components. This
limit corresponds to a maximum beam wobble at extraction radius of 1.3 mm,
less than the spatial resolution of the present radial probes. Data on
beam wobble at extraction radius (5.12 MeV/u iodine-127, 1989-Mar),
obtained directly by partially intercepting the outside of a given turn
with a single probe finger (see section 4.2.5), put an upper limit of 0.5
mm on the radial wobble of the beam. Stability measurements are
continuing.

The present automatic voltage-control system (AVC) on the dees does not
respond above 20 Hz or so, being designed for thermal transients. A
prototype AVC module with kHz response has been tested on the dees and
showed promise in further reducing AV/V, should that be felt necessary in
the future.

4.2.5 Amplitude-modulation of Extracted Beams

G.R. Mitchel

Intensity modulation of the beam extracted from the cyclotron is generally
30% or less, showing low-frequency components at 10 Hz, 60 Hz, and higher
frequency harmonics.

Many current-sensing elements have been added in the extraction region:
vertical scrapers on hill-lens 1, horizontal scrapers on hill-lens 2, a
six-finger array that completely brackets the extraction channel, the
extraction probe, and a capacitive phase probe to measure the bunched
current on the extraction beam line. The time behaviour of the beam
intercepted by each of these elements has been studied and compared with
that measured on the extraction cup. This comparison has allowed us to
discover a ground-locp problem that added 60 Hz noise and severely
distorted the current waveform seen on the extraction cup as read through
the multiplexer, until recently the only current measurement available.
This system has been changed. Now, one of the extraction-cup amplifiers
is independently powered, with manual gain switching only, and read out
through a single coaxial cable to the control room. This preserves the
kHz band-width of the Danfysik amplifiers and accurately reproduces the
extracted current waveform.

Overall, the extracted beam stability has been improved by proper
alignment of the beam in the various apertures and extraction channel, as
well as through reduction of injected bunch width, phase jitter, and
amplitude instability. While all of these factors have improved
extraction and beam stability, the extraction efficiency is still
typically less than 50% of the circulating beam. Study of the modulation
of extracted beam will continue, with the aim of discovering the origin of
the residual instability.
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4.2.6 R.F. Modeling Studies

Zhou Xue-Hou (Accelerator Physics Branch)

Earlier measurements of dee-voltage distribution have been confirmed by
vector voltmeter measurements in both 0- and pi-modes over the range of
cavity operating frequencies. Following this, the measurements of dee-
voltage distribution were repeated by the GSI parallel impedance method.
This method gives more precise results without the need for corrections
for probe parameters.

A direct measurement was made of electric fields between upper and lower
hills in pi-mode over a range of frequencies. The effect on the
redistribution of wall current of installing capacitors at the hill tips
was measured in pi-mode and the relative power between the tuner short and
the cavity wall calibrated. The effect of balance-capacitor and drive-
capacitor positions in causing imbalance of the dee voltage was measured
on the model. This information is required to estimate the degree of
orbit decentering that can be attributed to uncompensated dee imbalance.

The present studies with the half-scale model are now complete. The
program has quantified the voltage variation along the length of the dees,
which allowed a cross-check of values derived from mathematical modelling
and from orbit measurements and helped to improve the calculation of
cyclotron set-up parameters. It has also discovered and quantified the
voltage difference between the top and bottom of the dee gap and between
the front and back gap of the dee, which explains a major contribution to
the previously puzzling vertical steering in the cyclotron. Most
recently, the model has demonstrated that mechanical asymmetries between
two dees on the same stem cause significant voltage differences, which
provides a long-sought explanation for much of the orbit decentering
observed in the cyclotron. Detailed results of the r.f. modeling studies
appear in SCC Note (Series II) # 17.

4.3 BEAM DYNAMICS

4.3.1 Alignment of Extraction Elements

E.H. Lindqvist

On various occasions it has been observed that the optimum beam intensity
on the stub probe after hill-lens 1 and the optimum intensity on the
extraction cup does not occur for the same deflector voltage. The
different extraction elements seem not to be aligned properly. Recent
calculations show that repositioning hill-lens 2 by 1.5 mm radially inward
towards the cyclotron center would be the best compromise over the full
operating range of the main magnetic field. The new diagnostic at the
entrance of hill-lens 2 will soon allow us to confirm the calculation.
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4.3.2 Beam Broadening at Extraction

E.H. Lindqvist

Under simplifying assumptions of zero energy spread and zero bunch length,
calculations indicate that the outer turn will broaden as it enters the
deflector, because of the defocusing fringe field. The radial betatron
frequency of an equilibrium orbit starting and ending at the entrance of
the deflector is low (0.2 to 0.55) compared to other cyclotrons, with the
lower values occuring at lower main fields.

Any energy spread and/or non-zero bunch length will broaden the beam more.
A small inward repositioning of the deflector might reduce beam broadening
and improve extraction efficiency.

We have observed discrepancies between the experimental and theoretical
beam widths and positions on the last turns. This is partly due to
magnetic perturbations from the extraction channel elements. The effects
of these perturbations on the beam have been measured and the earlier
measured magnetic-field perturbations will be added to the beam-dynamics
code GOBLIN.

4.3.3 Vertical Displacement During Extraction

E.H. Lindqvist

A number of experiments have been done to investigate the vertical
behaviour of the beam during extraction. The vertical motion on the
scrapers in hill-lens 1 as a function of the dee voltage has been
investigated. The amplitude of the vertical motion seems to increase with
decreasing dee voltage. During one experiment, the beam blew up at a low
dee-voltage, perhaps because of the Walkinshaw resonance, indicating that
acceleration of more than approximately 160 turns should be avoided if
possible. The vertical displacement is most likely due to coherent
betatron oscillations starting from injection. The oscillations probably
result from the difference in the voltages on the top and bottom of the
dees, an effect that is more pronounced for higher frequencies.

4.3.4 Decentering Due to Asymmetric Dee-Voltages

E.H. Lindqvist

After the observation of dee-voltage imbalance in the half-scale model
(see section 4.2.6), beam decentering from dee-voltage asymmetries was
studied with the beam-dynamics code GOBLIN. The observed position of the
orbit centres as a function of turn number is reproduced best by a 10%
difference in dee voltage across the cyclotron. Similar best fits are
obtained for two test cases. In one case, the injection-dee voltage is
10% higher than the voltage on the opposite dee on the same stem. In the
second case, the voltages on the injection dee and the adjacent dee,
housing the deflector, are both 5% higher than on their partners across
the cyclotron. While the general features of the observed decentering can
be reproduced by this theoretical treatment, the fit is not precise.
Thus, if decentering is caused by asymmetric dee voltages, there must be
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other effects as well, such as first harmonics in the magnetic field or
incorrect foil position.

4.3.5 Orbit Centering

C.B. Bigham, J.H. Ormrod and J.A. Hulbert (Accelerator Physics
Branch)

The best extraction efficiency (approximately 50%) has been obtained with
10 MeV/u 127I and about 110 turns for acceleration. This beam has
(fortuitously) better orbit centering near extraction than has been
obtained for other beams. Consequently, efforts have been made to improve
centering, making local first-harmonic adjustments to the magnetic field
by small offsets of the trim rods. Turn patterns from the radial probes
were used to estimate the centering error.

A Lotus 1-2-3 spreadsheet was compiled by J.H. Ormrod to simulate orbit
decentering as a function of first-harmonic magnetic-field errors. The
simulation, which ignores field flutter, has been very successful in
developing trim-rod adjustments to compensate field errors and improve
orbit centering. The original spreadsheet has been revised in layout, and
macros added to make its operation more "automatic", so that it may be
more readily used as an instructional tool for cyclotron operators. Vork
is continuing to develop a straightforward beam-centering procedure.

An initial set of first-harmonic corrections is determined by comparing
the decentering with the predictions of the spreadsheet. These
corrections are then adjusted empirically during beam development. This
technique has given well-centered beams out to 600 mm radius. Beyond this
radius it is difficult to compensate exactly because of the sensitivity of
the outermost turns to the orbit centering near the vr = 1 resonance.
This resonance occurs part way through the radial extent of the trim-rod
# 13 region. Since the # 13 rods are primarily required to compensate
first-harmonic fields to allow the beam to enter the extraction system, it
is difficult to centre or steer the beam with these rods at the same time.
The adjustment is most easily made if the beam is well centered (say, to
half an orbit separation) as it enters the trim-rod # 13 region at 618 mm
radius.

The first-harmonic trim-rod corrections are similar for the various beams
at inner radii, but are gnificantly different at outer radii. This
makes it difficult to U»». . '-e a general centering prescription for new
beams.

4.3.6 Centering Rules-of-Thumb for the Non-expert

E.H. Lindqvist

As centering with the trim rods is not an easy task, rules of thumb have
been worked out to determine the phase of the first harmonic needed to
center the beam at a certain radius. The position of a specific turn on
one probe is compared with its position on the other probe, and the turn
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separation on the two probes is compared with the turn separation of a
centered beam by use of the semi-empirical formula outlined previously.
(See PR-PHS-P-6: 4.4.1; AECL-9859.) The rules have been presented in
tabular form for easy use. For details see SCC Note (Series II) # 42.

4.3.7 Deflector Voltage vs Mass and Energy

E.H. Lindqvist

In order to give an approximate impression where the limits of extraction
are in the mass-energy diagram due to limitations in the deflector-voltage
(55 kV), lines of equal deflector-voltage have been calculated. If no
particular effort is applied to finding stripping charge-state
combinations that reduce the deflector voltage, the number of expected
additional beams possible to develop as a result of the upgraded tandem
tubes will be zero. In addition, some of the higher energy, very heavy
ion beams cannot be extracted. However, if stripping charge-state
combinations are chosen wisely to reduce the deflector voltage, more beams
can be developed than the above calculations indicate.

4.3.8 New Beams Calculated

E.H. Lindqvist

Cyclotron and beam-line parameter settings have been calculated for the
following beams: 10 MeV/u 107Ag, 10 MeV/u 79Br, 15 MeV/u 79Br, 18 MeV/u
79Br and for a new charge-state combination of 20 MeV/u 79Br. The
upgraded tandem tubes make it possible to find charge-state combinations
for the above beams that decrease the deflector voltage to approximately
50 kV.

4.3.9 NOS/BE-to-NOS/VE Conversion

E.H. Lindqvist with C.R.J. Hoffmann (Accelerator Physics Branch),
W.G. Davies (Nuclear Physics Branch), M.A. Thompson and R.R. Roiha
(Mathematics and Computation Branch).

As the CYBER NOS/BE computer was taken out of operation on 1989 April 01,
more than 1000 files under that system had to be transferred to the new
N0S/VE system. All major programs like CYCMATCH, Q78FIT, DIAFIT, TRIUMF2,
TRIUMF3 and GOBLIN have been converted so that beam-line and cyclotron
parameters can be calculated and beam-dynamics studies can continue. Many
smaller programs like I0NSCAN, FOIL and QUENCH have also been converted,
but some work remains to be done. Many of the source codes need to be
modified to produce plots under NOS/VE.

4.3.10 Code Development

C.R.J. Hoffmann (Accelerator Physics Branch)

Work has begun on the general orbit code SUPERGOBLIN to add the effects of
perturbations from the active magnetic-channel elements to the field map
for the acceleration region. Code has been written and some measured
perturbation field maps for the channel elements have been transferred to
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NOS/VE from TASCC control-computer archive files. Minor changes were made
to the TRIUMFTHREE code so that it will calculate up to 200 equilibrium
orbits in a run.

4.3.11 Betatron Oscillations in the Superconducting Cyclotron

V.G. Davies (Nuclear Physics Branch)

See PR-PHS-P-7: 3.2.19; AECL-9995.

4.3.12 Linear and Non-Linear Effects of the Fringe-Field on the Final
Turns in the Superconducting Cyclotron

V.G. Davies (Nuclear Physics Branch)

See PR-PHS-P-7: 3.2.20; AECL-9995.

4.4 CRYOGENIC SYSTEM

R.E. Milks, R.R. Tremblay

4.4.1 Operation

The system operated continuously throughout the six-month period except
for minimum scheduled outages for maintenance, one unscheduled maintenance
and five power failures. Delivery of the second screw-compressor was
taken on 1989 January 03.

A total of 145 cylinders of helium gas were added to the system compared
to 328 cylinders during the previous six months. Most of the gas was lost
after power failures. During power failures, the cryostat relief solenoid
fails to open and the cryostat boil-off gas is vented to atmosphere. The
valve is also connected to emergency power which is supposed to come on
during power failure. In all 5 cases of power failure, there was either
no emergency power, or the emergency power was delayed for 8 to 10 minutes
before coming on, thus allowing the relief valve to freeze open.

The relief system has a diaphragm valve that is mounted in parallel with
the relief solenoid. The diaphragm valve was the original pressure-relief
device, which relieved over-pressures reliably, but had minor, undesirable
side-effects. For this reason, a normally-closed relief solenoid has been
purchased and will be installed in early July to overcome the power-
failure problem. The system will rely on the diaphragm relief valve
during power outages or until emergency power is supplied.

Liquid-nitrogen deliveries estimated at 320,000 L were made to the large
storage tank, compared to 323,230 L during the previous six months.

4.4.2 Crvostat

The cryostat level was maintained full at 632 litres over the six-month
period except for small fluctuations in the cryostat level during power
outages, with one exception.
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An accident, which occurred during some cyclotron maintenance in late
January, caused a drop of about 100 litres in the cryostat level. A clamp
that attaches the tower-3 relief line to the cryostat (helium can) was
accidentally kicked off. A protective cover has been installed over the
clamp to prevent another occurrence.

The cryostat-vacuum ionization-gauge problem (see PR-PHS-P-6: 4.3.2; AECL-
9859) has been cured by our switching from Vacuum Generators ion-gauges to
Varian UHV-24 gauge heads. These new heads have been operating reliably
for approximately 2 months.

The high cryostat pressures experienced in December last year were cured
by removing an ice blockage from the 'H' transfer tube in early January.
This requires our removing the transfer tube from the cryostat, letting it
warm up and then vacuum-pumping on the line. Some pressure fluctuations
have been experienced during cyclotron experimental runs because of a
faulty cryopump foot-valve actuator on number-1 cryopump. A new actuator
has been designed, fabricated and installed on cryopump number 2. The new
actuator operates flawlessly, and we are still awaiting fabrication of the
second actuator.

4.4.3 Helium Liquefier

Scheduled 7500-hour maintenance was completed on engine #5 in mid January.
(Engine #7 had been done in mid-December.) In March, the main shaft,
bearings and crankpin were replaced on engine #5 and the 10,000-hour
maintenance was completed on both engines.

Engine #5 has operated a total of 35,000 hours, and engine #7 a total of
35,500 hours.

4.4.4 Helium Compressor

The screw compressor ran trouble free, as usual. Operation was almost
continuous throughout the period for a lifetime total of 36,474 hours.
The four reciprocating compressors also ran trouble free, although their
operation is minimized because maintenance is very costly.

The new screw compressor has been installed in room 206 and the associated
piping connected, cleaned and leak checked, but not connected into the
main system. A lengthy shut-down time of 2 to 3 weeks is needed to tie
the piping into the system. The power to the new compressor has been
installed, but we are still waiting for delivery of a 200 A switch to
connect it to the main supply.

The TASCC electronics technicians have built and installed an interface
module and are presently bench-testing a new compressor control-panel
which will control all 6 compressors.
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4.4.5 Remote Monitoring and Control

A duplicate chart-recorder has been installed in the control room to
monitor important cryogenic parameters continuously. A control panel has
been designed and parts ordered to allow operator-control of selected
parameters from the control room. These controls will include engine
speeds, liquid-helium transfer to the cryostat and rate of precooling.

All of the read-out parameters from the Universal Modules in room 209 have
been calibrated for readout at the touch-panel locations in the control
room. A few of the parameters require re-calibrating because of noise in
the system.

New global-status generators for the cryogenic system have been designed
and the printed circuit-boards for these are now on order.

4.5 COMPUTER CONTROL SYSTEM

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

4.5.1 Operation

The control system was available for more than 99.5 % of the calendar time
during the period, but operators of the beam-delivery system were vexed by
control-desk hangups. Because the hangups occur only a few times per week
and are very simple to recover from, correction of the underlying software
has been deferred. (See section 4.5.2.)

4.5.2 Software

One more of the remaining few vacuum sections of TASCC, Phase II was
commissioned under computer control. Additional data-base changes were
required for upgrades to the negative-ion injector and to prepare for
commissioning of the remaining TASCC, Phase II dipoles and quadrupoles.

Setup of the beam-transport system has suffered from the software problem
referred to in the previous section, and the extension of the software to
provide a comprehensive setup program has been deferred until the
underlying fault has been corrected. Preparations for a complete
recompilation of the operating system and corrected control-system package
are as advanced as possible without halting other work on the development
computer, and a period of continuous effort on this problem has been
arranged.

Software in two, CAMAC-resident microprocessors (see section 3.2.9), has
been debugged and tuned to provide closed-feedback-loop control of the
inflection dipole in the negative-ion injector and the Y-magnet outside
the injector, based on a high-precision, Hall-probe "teslameter".
Calibration of the two dipoles with beams has enabled a coupled control-
variable to be installed on the control system, and exploration of the
applicability of this feature to routine operation has begun.
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Various, partly-understood problems with the transfer of cyclotron turn-
pattern data from the probe computer to the Concurrent 3230 computer of
Nuclear Physics Branch were largely overcome by the development of a data-
transfer program on the control computer. The vagaries of computer-
terminal transfer from the probe computer are completely avoided by
reliance on CAMAC data-transfer from the probe CAMAC crate into the
control computer. The remainder of the transfer makes extensive use of
comprehensive, on-line terminal-configuration software on the control
system. Although the program is rather crude and user-unfriendly, it has
remained in service long beyond its anticipated lifetime, pending
development of a micro-computer-based system.

The extension of the NMR-based control of beam-line dipoles to include
TASCC, Phase II magnets has begun. Known problems with the existing
program and additional features that will assist operators in using the
NMR instrument will be addressed during this project.

4.5.3 Hardware

The last CAMAC crate needed for TASCC, Phase II has been installed and
brought on-line. The installation of the CERN-designed bypass/repeater
units has advanced, but the full complement of hardware has not yet been
run all together. The power-supply problem (see PR-PHS-P-6: 4.5.3; AECL-
9859) has been gradually corrected over the past six months, but testing
is difficult because the CAMAC system is normally in use for 29 out of
every 30 days. In addition, another design fault, which causes serious
noise problems, has been discovered and is being corrected.

Ninety per cent of the control-system hardware for control of the second
injector has been specified and purchased or manufactured during the
period. Testing of CAMAC-related hardware has begun, but installation of
the hardware in the second injector is waiting for completion of
mechanical structures and electrical services.

4.5.4 Progress in Accelerator Mass Spectrometrv

H.R. Andrews, G.C. Ball, V.G. Davies and V.T. Koslowsky with
B.F. Greiner and Y. Imahori (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 PR-PHS-P-7: 3.2.15; AECL-9995.

4.5.5 Beam Transport System Magnets and Power Supplies

W.G. Davies, R.L. Brown and B.L. Luloff (Nuclear Physics Branch)

See PR-PHS-P-7: 3.3.1; AECL-9995.
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4.6 NEGATIVE-ION INJECTOR

Y. Imahori

The General Ionex Corporation 860A sputter source operated continuously to
produce ion beams for nuclear physics experiments until the end of
February. During the first week of March, it was modified according to a
design obtained from the University of Washington accelerator group. The
new design shields internal insulators from caesium vapour and allows
better vacuum pumping from the caesium ionizer chamber, with the results
that source start-up is more tolerant of excess caesium and the time
between source shutdowns is greatly increased.

The modified source operated with much greater reliability and stability
than the unmodified source, for the remainder of the period. Ion beam
production is presented in section 4.7.1. Analyzed beams of nitrogen,
sodium, aluminum, molybdenum and Indium were obtained for the first time
in this laboratory. The second 860A source is now being modified to the
same University-of-Washington design.

Construction of the second ion injector is underway. The inflection
magnet, pre-accelerator tube and E.S.A.G lens have been installed and
vacuum-leak testing is being carried out. Power supplies are being
installed and hardware for computer control is largely on hand. The
schedule has slipped slightly because of competition for tradesmen from
other branches.

4.7 TANDEM ACCELERATOR

4.7.1 Operation

L.B. Bender

The tandem accelerator operated s a t i s f a c t o r i l y during the period,
producing beams in the bypass mode (tandem only) for Nuclear Physics
experiments at three target locations: ISOL Facil ity, Particle Facility
and 8JI Spectrometer Fac i l i ty . The tandem also produced beams for
cyclotron beam development. Accelerated beams are l i s t ed in Table
4 .7 .1 .1 .

4.7.2 Generator

L.B. Bender

The tandem generator operated very satisfactorily during the period at
terminal voltages up to 14.25 megavolts. The only major incident was
breakage of one of the high-energy chains early in the period. These
chains were causing problems during the last period because of serious
spark damage. (See PR-PHS-P-6: 4.7.2; AECL-9859.) The failure was not
unexpected because of the fact that the chains had accumulated more than
40,000 hours operation. Since new chains were not available at the time,
used chains having less than 20,000 hours accumulated time were installed
and have operated satisfactorily throughout the period. A set of new
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TABLE 4.7.1.1

BEAMS ACCELERATED BY THE MP TANDEM
1989 JANUARY 01 TO JUNE 30

Isotope Negative Ion Current
from the injector (pA)

Beam Energy from the
MP tandem (MeV)

Protons
Carbon-12
Carbon-13
Nitrogen-14
Oxygen-16
Fluorine-19
Sodium-23
Aluminum-27
Silicon-28
Sulphur-32
Sulphur-34
Chlorine-35
Chlorine-36
Chlorine-37
Copper-63
Bromine-79
Zirconium-90
Molybdenum-98
Silver-107
Indium-115
Iodine-127
Gold-197

2.0
30.0
0.05
0.12
10.0
3.0
0.1
0.26
3.0
6.0
2.8
0.1
<0.0001
0.15
1.4
2.0
0.26
0.2
2.0
0.5
6.8
5.0

10 to 26
40 to 98
56
70
51 to 120
140
95 to 125
153 to 155
60 to 165
132 to 182
167
64
92.5
90
15 to 220
45
20 to 90
70
73 to 86
30 to 90
44 to 78
70 to 100

(1)

Note (1): isotope unconfirmed.

chains was acquired during the period and these will be installed should
problems arise with the chains presently in use.

The generator tank was opened on five occasions during the period, three
of which were for scheduled maintenance and routine inspection. The two
unscheduled tank openings were due to the high-energy-chain breakage and
failure of the SF6 gas re-circulator blower.

The Vivirad resistors continue to perform satisfactorily. A few tube
resistors were changed when resistance checks revealed a slight drop in
value. This was found during routine inspection, and operation was not
affected by these low-value resistors.
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4.7.3 Sulphur Hexafluoride (SP6) Gas System

L.B. Bender

The SF6 gas-transfer system operated normally as required during the
period. Problems were experienced, however, vith the gas-
drying/purification system, with the gas re-circulation blower failing on
two occasions. On the first occasion, low-voltage breakdowns prompted
inspection of the system, which revealed that a failed seal on the blower
had allowed gear-case oil to enter the gas system. The spare blower was
installed, gas subsequently purified and normal operation resumed. Later
in the period the spare blower suffered an impeller failure, most likely
caused by failure of one of the bearings. The original unit, having been
repaired, was installed. It has been normal practice in the past to
operate the re-circulator continuously at tandem voltages above 10 MV. In
order to reduce the likelihood of further blower failures, procedures have
been changed to operate the re-circulator only as required.

The generator-tank main-vacuum-pump-interface valve was found to be
leaking through the valve seals. This was discovered during leak-checking
procedures prompted by excessive gas losses. The valve was removed during
a tank opening and repaired as well as possible. The leak rate has been
reduced, but a new valve is required and has been ordered.

Sixty cylinders of gas were added to the system, partly because of the
leaking valve, and also to increase the normal operating pressure in the
generator tank.

4.7.4 TASCC Electronics Development

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

See PR-PHS-P-7: 3.2.21; AECL-9995.

4.8 BEAM TRANSPORT SYSTEM

L.B. Bender

4.8.1 Magnets

The beam-transport-magnet systems operated satisfactorily during the
period. There were no major difficulties with the system, with only
normal maintenance and repair on various power supplies including the
replacement of three filter banks. It is expected that the filter banks
will soon have to be replaced on all the TASCC, Phase I, power supplies.
New non-magnetic compensated NMR probes have been installed on bending
magnets BI-1 and BI-2. Quadrupoles and dipoles for Phase II target areas
T6 and T7 are operational, but calibration factors are required prior to
full commissioning under computer control.
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4.8.2 Vacuum Svstem

The vacuum system operated normally during the period except for
intermittent problems with section-valve and device controllers. Repairs
and modifications are being carried out as required. Electrical
transients continue to cause various pumps, valves and cups to trip.
While some of these trips are caused by tandem breakdowns, many are caused
by undiagnosed problems. Beam delivery has not been interrupted
significantly by these problems.

4.8.3 Beam Diagnostic Devices

Beam Diagnostic slits, Faraday cups, beam-profile monitors and their
multiplexed controllers operated normally during the period. The four-
segment cup was removed from magnet BI-6. This cup had limited diagnostic
value and was prone to failure.

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 only failures were the number-3 de-ionized water-pump check valve,
which was replaced, and the number-2 chilled-water-loop pump, for which
parts had to be ordered. Pump repairs are now nearing completion. The
water chiller was started up without incident in order to switch the
system from winter to summer mode.

4.9.2 Electrical

There were five Ontario Hydro power failures during the period. Some
concern has arisen with the plant-wide diesel emergency power. In most
cases the emergency powir has failed to come on in an adequate time. The
situation is being investigated.

4.9.3 Safety

The oxygen monitor in room 113 failed once during the period. The monitor
was repaired and returned to service.

4.10 PUBLICATIONS. DOCUMENTS AND TALKS

L.W. Thomson

Five new TASCC Instructions have been released during the period, and six
have been revised. Thirty-eight SCC Notes (Series II) have been
distributed. One operations manual was written. Monthly issues of the
TASCC Newsletter continue to be written, with a current mailing list of 80
v- .'pients, about 55 being off-site.
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Publications and Reports

(I) TASCC Reports

TASCC COOLING WATER MANUAL
P.I. Hurley
TASCC-1-36-2

(II) New TASCC Instructions

SHORTING ROD SHIELDING; REMOVAL AND RE-INSTALLATION
B.V. Luloff, L.V. Thomson
TASCC Instruction # 3.14.

LIQUEFIER/REFRIGERATOR ENGINE VARMUP
R.R. Tremblay
TASCC Instruction # 4.2.20.

TRIM-ROD DRIVE REMOVAL AND INSTALLATION
R.R. Tremblay
TASCC Instruction # 4.7.04.

RAISING LOVER POLE CHECKLIST
R.E. Milks, R.R. Tremblay
TASCC Instruction # 4.11.04.

TO RESTORE BUILDING SERVICES FOLLOWING ELECTRICAL POWER FAILURES
P.I. Hurley
TASCC Instruction # 8.01.

(III) SCC Notes

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

MODEL CAVITY TESTS. 1988 APRIL-JULY
Zhou Z-H (Accelerater Physics Branch)
SCC Note # 17, Series 2.

MODEL CAVITY TESTS 1988 AUGUST-DECEMBER
Zhou Z-H (Accelerator Physics Branch)
SCC Note # 17.1, Series 2.

ANALYSIS OF 107AG 6.5 MEV/U RUN
E.H. Lindqvi.it
SCC Note # 32, Series 2.

CURRENT-LIMITING PROTECTOR FOR BSD
L.V. Thomson, J.F. Mouris (Accelerator Physics Branch)
SCC Note # 35, Series 2.
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PROGRAM TO CALCULATE Bl CORRECTIONS
J.H. Ormrod (Accelerator Physics Branch)
SCC Note # 36, Series 2.

AG-6.5 CENTERING EXPERIMENT ON 1988-12-09
C.B. Bigham (Accelerator Physics Branch)
SCC Note # 39, Series 2.

RUN DIARY: IODINE-5.12 (1989 FEB. 13/17)
L.V. Thomson
SCC Note # 40.1, Series 2.

RUN DIARY: IODINE-5.12 (1989 FEB. 26/MAR. 02)
L.V. Thomson
SCC Note # 40.2, Series 2.

1-5.12 n-MODE RUN ON 1988-DEC.22
C.B. Bigham (Accelerator Physics Branch), L.V. Thomson
SCC Note # 41, Series 2.

COMMENTS ON SCC NOTE # 41
E.P. Stock
SCC Note # 41.1, Series 2.

METHOD TO COMPENSATE FOR "TURN SEPARATION ERRORS" DUE TO DECENTERING IN
THE SCC
E.H. Lindqvist
SCC Note #42, Series 2.

EXTRACTION STUDY CONCERNING DECENTERED BEAMS AND OBSTRUCTION ON THE LAST
TURNS
E.H. Lindqvist
SCC Note # 43, Series 2.

MORE ABOUT CENTERING
E.H. Lindqvist
SCC Note # 44, Series 2.

RUN DIARY: SILVER-10 (1989 MAR. 13/17)
L.V. Thomson
SCC Note # 45, Series 2.

HORIZONTAL BEAM-VIDTH OF THE LAST TURNS IN THE SCC AND A SUMMARY OF OTHER
REASONS FOR LOV EXTRACTION EFFICIENCY
E.H. Lindqvist
SCC Note # 46, Series 2.

RUN DIARY: IODINE-10 (1989 APRIL 10/13)
L.V. Thomson
SCC Note # 48, Series 2.
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RUN DIARY: IODINE-10/21 (1989 APRIL 24/28)
L.V. Thomson
SCO Note # 48.1, Series 2.

SOME COMMENTS ON SCC NOTE #48.1
J.A. Hulbert (Accelerator Physics Branch)
SCC Note # 48.2, Series 2.

I-10 CENTERING EXPERIMENT OF 1989 APRIL 14
C.B. Bigham (Accelerator Physics Branch)
SCC Note # 49, Series 2.

STATUS OP CENTERING CORRECTIONS TO 1989 MAY 11
C.B. Bigham (Accelerator Physics Branch)
SCC Note # 49.1, Series 2.

CYCLOTRON R.F. HEATING
E.P. Stock
SCC Note # 50, Series 2.

I-10 EXTRACTION EFFICIENCY 1989 APRIL 27
C.B. Bighara (Accelerator Physics Branch)
SCC Note #51, Series 2.

RUN DIARY: SILVER-13
L.V. Thomson
SCC Note # 52, Series 2.

REPORT ON AG-13 RF FIRE: 1898-05-12
L.V. Thomson
SCC Note # 52.1, Series 2.

DEFLECTOR VOLTAGE VS MASS AND ENERGY
E.H. Lindqvist
SCC Note # 53, Series 2.

RUN DIARY: BROMINE-10
L.V. Thomson
SCC Note # 54, Series 2.

TRIM ROD # 13 - FIRST HARMONIC SCANS FOR IODINE-10
E.P. Stock
SCC Note # 55, Series 2.

RESULTS FROM EXTRACTION CHANNEL PERTURBATION EXPERIMENT
E.H. Lindqvist
SCC Note # 56, Series 2.

TRAVEL REPORT FROM THE TWELFTH INTERNATIONAL CONFERENCE ON CYCLOTRONS AND
THEIR APPLICATIONS IN BERLIN
E.H. Lindqvist
SCC Note # 57, Series 2.
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STRAY MAGNETIC FIELDS AND EXPOSURE GUIDELINES
L.W. Thomson
SCC Note # 58.0, Series 2.

PROGRESS REPORT ON OPTIMIZATION OF THE R.F. POWER AMPLIFIER
E.P. Stock
SCC Note # 59, Series 2.

VACUUM MEASUREMENTS IN THE ESD TEST STAND AND SCC HIDPLANE
R.E. Milks
SCC Note t 6 0 , S e r i e s 2 .

TECHNICAL REVIEW COMMITTEE 1989; OVERVIEW OF TASCC ACCELERATORS AND
DEVELOPMENT
H. Schmeing
SCC Note t 61.1, Series 2.

TECHNICAL REVIEW COMMITTEE 1989; TANDEM OPERATION AND DEVELOPMENT
L.B. Bender
SCC Note # 61.2, Series 2.

TECHNICAL REVIEW COMMITTEE 1989; SCC DEVELOPMENT-THE TECHNICAL OVERVIEW
H. Schmeing
SCC Note # 61.3, Series 2.

TECHNICAL REVIEW COMMITTEE 1989; THE CYCLOTRON R.F. SYSTEM
E.P. Stock
SCC Note # 61.4, Series 2.

TECHNICAL REVIEW COMMITTEE 1989; BEAM DYNAMICS AND BEAM DEVELOPMENT IN THE
CYCLOTRON
E.H. Lindqvist
SCC Note #61.5, Series 2.

ANALYSIS AND COMMENTS ON EXPERIMENTS USING Br-10 1989 MAY - JUNE 01
E.H. Lindqvist
SCC Note 62, Series 2.

Conference Abstracts and Submissions

TASCC BUNCH INJECTION AND PHASE CONTROL SYSTEM: REVIEW, OPERATING
EXPERIENCE AND RECENT IMPROVEMENTS
G.R. Mitchel, J.E. McGregor, E.P. Stock
Proceedings of the 12th International Conference on Cyclotrons and Their
Applications, Berlin, 1989 May.

CURRENT STATUS OF THE SUPERCONDUCTING CYCLOTRON AT CHALK RIVER
H. Schmeing, C.B. Bigham, N.C. Bray, W.G. Davies, B.F. Greiner,
C.R.J. Hoffmann, J.A. Hulbert, P.I. Hurley, E.H. Lindqvist, J.E. McGregor,
R.E. Milks, G.R. Mitchel, J.F. Mouris, J.H. Ornrod, L.V. Shankland,
E.P. Stock, L.W. Thomson, R.R. Tremblay, X.H. Zhou.
Contribution presented by H. Schmeing at the 12th International Conference
on Cyclotrons and Their Applications, Berlin, 1989 May. Paper to be
published in Proceedings of the Conference.
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PHYSICS SUMMARY

5.1 Theoretical Physics

The comprehensive treatise on "Neutron Optics" has now been published by Oxford
University Press.

Theoretical support for neutron inelastic scattering experiments on amorphous
and crystalline H2O ice has allowed the setting of a new standard for the
accurate determination of the phonon density of states (7.2, 7.3).

Work, both in the form of written codes and papers, continues to document
theoretical estimates for multiple scattering of ions. This work has caught the
attention of those interested in the scattering of ions at relativistic energies
who have requested extensions of existing theories developed at CRNL (7.5, 7.6).

Studies of non-equilibrium effects in relativistic heavy ion collision have
shown that it is not possible to relate the nuclear equation of state directly
to the observed transverse momentum distribution as had been generally
considered possible. Other calculated quantities have been compared to data
from Lawrence Berkeley Laboratory and will be compared to those from Saturne at
Saclay (7.10, 7.11). The experimental program in Michigan on intermediate heavy
ion collisions that succeeded in showing for the first time the disappearance of
flow has been supported by theoretical calculations at CRNL (7.13).

Considerable progress is being made in understanding the relationship of
underlying structures for many physical systems ranging from elementary particle
to condensed matter with existing mathematical group theories (7.14, 7.15,
7.16).

The work on dilepton production from nucleon-nucleon collisions based on meson
exchange theory, that was compared to p-Be data from the Bevalac, has now been
accepted for publication in Physics Letters B (7.12).

Theoretical support for the Accelerator Business Unit and the beam transport
system for TASCC has shown that existing codes are not valid for the low
energies for which they need to be applied. Analytic work has been done which,
while not having the flexibility of application of existing codes, nevertheless
is mora accurate for the applications for which it is intended (7.17).

-•seconded to Government Relations Office, Corporate Office, for 1 year
effective 1989 May 1

'•-effective 1989 May 1
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Calculations to date have failed to resolve the serious discrepancy between
theory and experiment for neutral-pion photo-production at threshold on the
proton. Continuing work taking the calculations to higher order in perturbation
theory has necessitated the use of renormalisable pion-nucleon field theory and
great care in selecting sets of graphs that satisfy gauge invariance (7.8).

5.2 Condensed Matter Physics - Research

A major review article has been written on how the presence and changing
magnitude of the Bose condensate in Liquid ^He affects the dynamics in the
superfluid phase. Recent studies in this field are considered near a
breakthrough for a fundamental understanding of liquid Ĥrj (6.5).

Neutron scattering experiments have been performed on both high- and low-density
amorphous ice as well as cubic and hexagonal crystalline ice at 15 K and
frequency transfers in the range -0.8 < v < 31.A THz. Although significant
differences in spectra axist in the range 4 to 10 THz between the crystalline
and amorphous samples, it still can be concluded that long-range electrical
forces play an important role in both types of structure.

Neutron scattering experiments were made at Laboratoire Leon Brillouin, Saclay,
in collaboration with physicists there, to examine the detailed structure of the
orientational disordered phase in C2Bro and search for such a phase in CI4.
Both of these solids are expected to have an order/disorder phase transition
above room temperature unlike most solids. Some evidence for a phase transition
was found in CI4 but none for C2Brg (6.11).

Neutron powder diffraction measurements have been utilized to search for
structural evidence of a glassy phase in C2F2CI4 below 90 K as suggested in the
literature from Brillouin scattering experiments. No evidence was found either
for a glassy or crystalline phase which is considered very unusual (6.12).

Neutron powder diffraction measurements have been performed on three lead
halides ( ( ^ 3 ^ 3 ^ X 3 with X = Cl, Br or I) to examine orientational disorder
for salts containing non-spherical ions as a function of environment and
temperature. To try to resolve ambiguities in determining the crystal symmetry
in the chlorine and bromine samples, experiments were also performed on the
time-of-flight High Resolution Powder Diffractometer at the Rutherford-Appleton
Laboratory (UK). The structure of the chloride sample could be determined at
298 K as cubic and at 176 K as orthorhombic but still ambiguities remain at
100 K. The bromine sample was tetragonal at 165 K, orthorhombic at 15 K but
still could not be unambiguously determined at 5 K (6.13).

The incompatibility of the octahedral symmetry of the free TeFg molecule with
the orthorhombic symmetry of the crystal structure, determined by powder
diffraction data, indicates considerable molecular distortion (6.14).
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Serious errors have been found in calculations in the literature using the
embedded atom method to determine point defect energies and vacancy
concentrations in stoichiometric M3AI at 1000 K. A reworking of the formalism
however now finds unreasonable values and a puzzle why the embedded atom method
appears to give unrealistic results (6.15).

Parallel experiments on uranium nitride using the neutron scattering technique
at CRNL and the magnetic X-ray scattering technique at the Synchrotron Light
Source at the Brookhaven National Laboratory have revealed that the measured
order parameter critical exponents are different. Reasons for the difference
have yet to be illuminated (6.18).

Disagreements have been found between an otherwise successful quantum field
theory and recent polarised neutron experimental results for the frequencies of
magnon branches away from the ordering wave vector in CSN1CI3. Evidence has
been found for a severely over-damped mode existing near the ordering wave
vector (6.19).

5.3 Condensed Matter Physics - Instrumentation and Facilities

Preliminary design parameters are being determined for the most appropriate cold
neutron source to be inserted in the T-section confluence of the N2, C2, T3
proposed tubes of the new NRU calandria vessel. A decision has been made to
focus on a liquid H2 moderator. This decision is based on the minimisation of
cost for maximum flux of neutrons taking into account both safety and heat load
aspects. Effort is now directed on a quantitative determination of design
parameters using neutron transport codes (6.3).

Work began on the fabrication of the DUALSPEC neutron scattering apparatus and
site preparation at the C2 and C5 beam tubes at NRU (6.4). The C5 spectrometer
was completely dismantled, upgraded and reassembled at the T3 hole at NRU in
order to make room for the DUALSPEC work to proceed at the C2/C5 reactor face
(6.29). DUALSPEC will provide both AECL and University users with a new
diffractometer and polarimeter facility. It is jointly funded by AECL and
NSERC.

A program has commenced to measure the spatial variation of neutron flux on a
sample for different monochrometer crystals and different reflections from the
same monochrometer crystal. Such information is essential in order to be able
to normalize to an average neutron flux falling on a sample at each point in a
scan (6.9) and was needed for recent diffraction and inelastic-scattering
measurement on amorphous and crystalline ice (6.6, 6.7, 6.8).

Several significant improvements have been made to the computer software for
spectrometer control systems at NRU (6.24, 6.25). Software has been written to
locate automatically the peak positions of Bragg reflections from a crystal
mounted on a kappa-diffractometer thereby increasing efficiency in measurements
on single-crystal structures (6.23).
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Upgrade to the 30-element multi-detector array has led to reduced background and
greater versatility for its application as a diffraction detector (6.25).

Equipment has been developed for the application of strain and heat for
specimens in order to test the capability of the neutron scattering technique to
measure stress and temperature simultaneously (6.26).

In a rapid response to claims of the discovery of cold fusion by conventional
electrolysis of heavy water with palladium electrodes, a neutron monitor was
quickly set up to test for possible neutron production that could have been the
signature for the fusion events. The monitor has been used to test a variety of
cells supplied by System Chemistry and Corrosion Branch, Chemical Engineering
Branch and Kossuth University (Hungary). No neutron enhancement over background
was detected for any cell (6.27).

5.4 Topical Review - Ice

For Canadians, ice is synonymous with winter or something to cool a cocktail.
The physicist also sees ice as the prototype of a hydrogen-bonded crystal and,
equally important, as an orientationally-disordered, or plastic, crystal.

For temperatures below 300 K and pressures below 25 kbar there are at least 10
different crystalline phases and 2 amorphous phases of ice all of which are
tetrahedrally coordinated i.e. each H2O molecule is surrounded by a tetrahedron
of neighbouring H2O molecules. Many phases are metastable and transitions from
one to another are often not reversible. In a recent experiment, ice in the
high-density amorphous (hda) phase was prepared by compressing to about 10 kbar
at 77 K and then held at a temperature of 15 K. By heating to 115 K, and
cooling back to 15 K, ice in the low-density amorphous (Ida) phase was created.
Subsequent heating to 155 K and 240 K with intermediate cooling to 15 K created
the cubic (Ic) and hexagonal (Ih) crystalline phases respectively.

Studies of ice have been made with a variety of techniques, including infrared
absorption, Raman scattering and X-ray diffraction, by the group at the National
Research Council of Canada headed by Dr. Ted Whalley, who is one of the world's
leading authorities. The NRC group has recently been collaborating with both
experimentalists and theorists at CRNL and Laurentian University to apply the
techniques of neutron diffraction and inelastic scattering.

The inelastic incoherent scattering of neutrons provides a direct means of
obtaining the phonon density of states g(v) which in turn provides information
about interatomic forces. Past neutron work had produced information only on
the Ih phase i.e. the phase of conventional snow flakes. Recent work has
included studies also on the Ic, Ida and hda phases. A new self-consistent
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iterative method has been developed to correct the observed data for raulti-
phonon scattering. This analysis had set a new standard of excellence for the
accurate determination of g(v) from neutron scattering.

Work is in progress to extend the study to other phases of ice and to calculate
from the measured g(v) the specific heat and other thermodynamic properties for
these phases.

5.5 Industrial Applications and Techniques

As part of the program on applications of neutron diffraction for industry,
changes in residual stress distributions have been determined for a 17 mm thick-
walled, Y'^uenched, U-0.8% Ti alloy tube after application of a variety of
stress levelling and aging techniques (6.16).

Preliminary data has demonstrated the feasibility of using small angle neutron
scattering (SANS) experiments for industry. This technique has been used in
studies associated with high voltage damage in insulators, a quantitative
analysis of fatigue and a CRNL project to improve uniformity of protective
coating on pressure tubes. Current work is aimed at improving the
instrumentation to achieve greater experimental sensitivity (6.22).

Measurements continue to determine continuous channels of cubic p-phase in Zr-
20 wt% Nb, and hence channels for hydrogen diffusion, by the superconductivity
technique at low temperature. Recent work has concentrated on the effect of
heating at 400°C for different durations. Heat treatment tends to decrease the
amount of connected p-phase but does not entirely eliminate it. The
discontinuity in the maximum slope of the temperature derivative of the
resistivity against the superconducting transition temperature at about 47 min
can be correlated with formation of Nb-enriched p-phase and the metastable
hexagonal w-phase and is considered hard evidence of the usefulness of
resistivity measurements as a tool in the pressure tube surveillance program
(6.17).

An evaluation has been made of the radioactivity that might be present in food
as a result of irradiation by yrays from °̂ Co or l-*'Cs, bremsstrahlung X-rays
of 5 MeV end point, or electrons with 10 MeV end point. The conclusion is that,
with irradiation needed to achieve sterilization, the induced radioactivity
would be less than 0.25% of that already present in the food (6.34).

5.6 Sudbury Neutrino Observatory

The proponents of the Sudbury Neutrino Observatory were given a great morale
boost by the strong fiscal commitment from the Natural Sciences and Engineering
Research Council of Canada, and the US Department of Energy, provided similar
commitments can be obtained from elsewhere. A time limit has been set by
funding agencies for the documentation of management and complete funding for
the SNO project by October 1989.
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Decisions have now been made on a Mark II design for the neutrino detector
involving a spherical (rather than cylindrical tank) and smaller size, but an
increased number, of photo multiplier tubes with light collecting cones. The
change in shape requires a different shaped hole to be dug (which is considered
feasible by INCO) but will allow a decrease in the amount of low radioactivity
concrete that need be used.

Extensive work continues at CRNL on the assessment of methods and actual
measurements of very low levels of radioactivity in acrylic. This work has
required the building of a new clean air station to prevent contamination of
samples. A new alpha-counting station has also been set up.

5.7 Radionuclide Metrology

Comparisons of the half life of *• I, determined by 40 measurements in 19
laboratories around the world, has illuminated a small but significant
discrepancy with the AECL data. The reason for the differences has not been
determined but it is suspected to arise from solution sampling (6.38).
International comparisons have also been made for "y-ray emission rates from Se
decay and the metastable state in ^As (6.39).

Measurements on -^'Os and checks on statistical accuracy half-life, which have
now extended over eight years, are now completed and the results now supersede
all previously reported values (6.40, 6.41).

Ten standard sources have been issued to Nuclear Physics Branch, 3 to Chemical
Operations, 6 to Dosimetric Research, 1 to General Chemistry and 2 for Queen's
University.

Glassblowing work was done for Chemical Operations, Chemical Engineering, Fuel
Engineering, Fuel Materials, Accelerator Physics, Waste Management, Dosimetric
Research, System Chemistry and Corrosion, Ontario Hydro as well as that for
Neutron and Solid State Physics (6.65).
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6.2 In Search of Cold Fusion in Electrolytic Cells and Metal/Gas Systems

V.J.L. Buyers, D.C. Tennant and M.A. Lone with D.R. McCracken, J.
Pa ette, N.A. Briden (System Chemistry and Corrosion Branch), R.E.
Jo son (Chemical Engineering Branch), V.G. Cross, A. Arneja (Dosimetric
Research Branch), K.W. Chambers, A.K. Mcllvain, E.M. Attas and R. Dutton
(Uhiteshell Nuclear Laboratories)

A variety of electrochemical cells having palladium cathodes in the form of
vires, tubes, foils and rods have been used to electrolyze heavy water
containing 0.1 mol.dnr3 LiOH, 0.1 mol.dnr3 LiOD or 0.50 mol.dnr3 D3P04.
Current densities of up to 140 mA.cnr2 have been used. The mass of the
palladium cathodes covered the range from 1 to 40 grams and the surface area
varied from 8 to 140 cm2. Neutron detection systems with low constant
backgrounds were used to search for the presence of a neutron flux during
electrolysis. These included moderated 3He- and 10BF3-based detectors. After
running some of the cells for up to 28 days no neutron flux above background
could be detected. No enrichment of the electrolytes in tritium was evident
after correction for evaporative losses. Chemical analysis of one of the
cathodes after 25 days of electrolysis indicated that the average bulk
composition was PdD0 7 with the ratio of deuterium over palladium remaining
constant to a depth of at least 20 jum. Experiments were also performed with
the titanium metal/deuterium gas system. These consisted in exposing titanium
metal to a deuterium gas pressure of 40 atin, lowering the temperature to
-196°C, releasing the pressure and gradually warming the titanium to room
temperature. No neutron flux above background was observed during these
experiments.

6.3 Cold Neutron Source for the NRU Reactor

E.C. Svensson, V.J.L. Buyers, J.H. Root and T.M. Holden with G. Dolling
(Office of the Vice President), V.F. Sears (Theoretical Physics Branch),
P.M. Brewster and G.C. Campbell (Reactor Physics Branch), V. Mellors
(Mechanical Equipment Development Branch) and D.A. Barrington and D.L.
Hickey (Safety and Reliability Directorate)

After further consideration of specific concepts for the cold moderator
material (PR-PHS-P-6: 6.2; AECL-9859), it has been decided to focus on liquid
H2. This choice (rather than liquid D2 or a D2-H2 mixture) minimizes the
total "hydrogen" inventory (of major importance as regards safety
considerations) and heat load, and hence the cost of the facility, while still
giving, for the limited space available in the T3 tube of the 3rd vessel for
the NRU reactor, close to the maximum flux of cold neutrons. Ve envisage that
the total thickness of liquid H2 along the primary (C2 and N2) beam directions
will be about 4 cm and that the total volume of liquid H2 will be about 1
liter.

Effort is now being directed toward quantitative evaluation of the preliminary
cold neutron source concepts. It has been decided to use the Monte Carlo
Neutron Photon code MCNP for the neutron transport and nuclear (neutron + 7-
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ray) heat deposition computations. This code should allow us to make a
realistic simulation of a chosen cold source design in the NRU lattice.
P.M. Brewster attended a Workshop on MCNP in Atlanta, 1989 June 5-7, and a
data library to describe the scattering of neutrons from liquid H2 which is
needed for the low neutron energy calculations for the cold source has been
requested from Los Alamos National Laboratory. The computations will give us
absolute directed fluxes in the 3 beams (C2, N2 and T3) from a given cold
source. In order to be able to estimate the gain in the flux of cold
neutrons, computations will also be carried out for a "reference source", D20
at 310 K. To evaluate the effect of chamber shape, the cold neutron beam
fluxes for a re-entrant shape (cross-arch) with displacers will be compared
with the beam fluxes for a simple slab-disc chamber of the same liquid H2
thickness. Computations will also be carried out to find the optimum liquid
H, thickness and, possibly, the optimum ortho-to-para ratio. Since it is
necessary to have a realistic total amount of material for the heat deposition
computations, dimensions and materials for the chambers, vacuum can and beam
tubes have been specified and the geometrical input to MCNP is now being
developed and tested.

Preliminary thermodynamic calculations have also been carried out to examine
the relationship between the height required for a liquid H2 thermosiphon and
the rate of heat removal with and without boiling. A list of safety concerns
is also being prepared as groundwork for the eventual safety analysis.

6.4 Progress on DUALSPEC

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

Following transfer of the C5 spectrometer to the E3 beam hole (PR-PHS-P-7:
6.29; AECL-9995) and the removal of the C4 spectrometer to storage (PR-PHS-P-
7: 6.30; AECL-9995) construction work at the DUALSPEC site has begun. The
reactor face in the vicinity of the C2 and C5 holes has been cleared of all
external services (piping, cabling etc.). The scattering can was removed from
the C2/N2 through tube and sent for disposal. A new scattering can will be
fabricated and inserted from the N2 side of the through tube, to allow an
unimpeded view of the can by the DUALSPEC spectrometer at C2. A hole has been
cut into the reactor wall around the C5 beam tube. When completed, this hole
will house the rotating collimator/gate assembly for the DUALSPEC spectrometer
at C5. At the C2 beam hole a cavity presently exists in the reactor wall.
The block which fills this cavity has been retrieved from storage and a
corresponding hole has been cut into it to house the rotating collimator/gate
for C2.

Fabrication of the filter modules for each spectrometer is complete and the
vacuum chambers have been tested. The filter materials (Be and sapphire) have
been inserted and final assembly of the complete modules is in progress.
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Detailed drawings of the analyzer assembly for the polarized beam spectrometer
are complete and have been sent to fabricators for quotation. Final layout
drawings for the diffractometer support system are in progress.

6.5 Temperature Dependence of SfQ.oi for Liquid 4He

E.C. Svensson

Studies of the temperature dependence of S(Q,w) for liquid 4He can give
detailed information on how the presence and changing magnitude of the Bose
condensate affects the dynamics in the superfluid phase and hence hold the
promise of guiding us to the long sought true fundamental understanding of
liquid 4He. A major review article on this topic was completed and has
appeared in the book "Elementary Excitations in Quantum Fluids" ed. by K.
Ohbayashi and M. Watabe (Springer Verlag, Berlin and Heidelberg, 1989). This
article covers in detail the neutron scattering studies of the past 3 decades
with particular emphasis on the work of Woods and Svensson (Phys. Rev. Lett.
41 (1978) 974) at saturated vapour pressure (SVP) and that of Talbot, Glyde,
Stirling and Svensson (Phys. Rev. B 38 (1988) 11229; see also PR-PHS-P-3:
7.23; AECL-9503 and PR-PHS-P-4: 7.3; AECL-9680) at P = 20 bars. The most
important finding from these latter two studies is that sharp one-phonon peaks
in S(Q,u) are present only in the superfluid phase. The one-phonon peaks
broaden appreciably and decrease rapidly in intensity as the temperature is
raised in the superfluid phase but their mean energy shows only a modest
decrease. The one-phonon excitations in fact remain rather well defined
excitations right up to the point (just below T^) where they effectively
disappear. Analysis in terms of the two-fluid model of Woods and Svensson
indicates that the excitation energies vary linearly with the normal-fluid
fraction p^l f> (i.e with the population of thermal rotons) over the full range
of superfluid temperatures. The total variations are 13% and 212 for rotons,
and 2% and 5% for maxons, at SVP and 20 bars, respectively. There is no
indication of a soft-mode behaviour as has been suggested for superfluid 4He
by Ruvalds (Phys. Rev. Lett. 22 (1971) 1769) and as is common for excitations
as one approaches a phase transition characterized by a broken symmetry. The
observed behaviour in fact suggest that the "excitations" continue to exist
above T^ but then no longer have any weight in S(Q,w), i.e. are no longer
density fluctuations.

A great deal of progress has been made over the last decade in unravelling the
mysteries of liquid 4He and we have now reached the stage where both
experiment and theory show that the Bose condensate plays a crucial role in
determining the dynamics of superfluid 4He. Although there are still some
gaps in our knowledge and a need for additional selected experiments, we
appear, after more than 80 years of puzzling over liquid 4He, to be on the
verge of a breakthrough to a true fundamental understanding.
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6.6 Neutron Scattering Determination of the Vibrational Spectra of Amorphous
and Crystalline H20 Ice

E.C. Svensson, J.H. Root and C. Szornel with V.F. Sears (Theoretical
Physics Branch), D.D. Klug and E. Whalley (National Research Council)
and E.D. Hallman (Laurentian University)

Neutron inelastic scattering measurements have been carried out on high-
density amorphous (hda) and low-density amorphous (Ida) ice as well as cubic
(Ic) and hexagonal (Ih) crystalline ice. The hda H20 ice sample (density 1.17
g.cm"3 at zero pressure) was made at NRC by pressurizing ice Ih to about 10
kbar at 77 K. It was sandwiched between two silicon single-crystal wafers in
a special cell, transported to CRNL and transferred to a closed-cycle
refrigerator while keeping its temperature continuously below 80 K.
Measurements were carried out at 15 K on the hda sample and then (also at 15
K) on the Ida, Ic and Ih samples (densities 0.93 - 0.94 g.cnr3) made by
heating successively to temperatures of 115, 155 and 240 K and then recooling.
The scattering from the empty cell was also determined at 15 K. The
measurements were carried out using the N5 triple-axis crystal spectrometer
with a fixed scattered-neutron frequency of 8 THz. Si(331) and Si(lll) planes
were used as monochromator and analyzer, respectively. All measurements were
for a momentum transfer Q = 6 A"1. Frequency transfers covered the range -0.8
< v < 31.4 THz and the experimental resolution (FWHM) varied from 0.5 THz at v
= 0 to ~ 2 Thz at v = 30 THz.

For all four phases studied, the vibrational spectra consist of well separated
phonon and libron bands. The spectra for the two crystalline phases are
essentially identical. The spectra for the amorphous phases are very similar
to those for the crystalline phases at low and high frequencies but are
markedly different at intermediate frequencies. For example, the distinct
three-peaked structure observed in the range 4 - 1 0 THz in the phonon band for
the crystalline phases is largely washed out in the amorphous phases. Also,
the leading (low frequency) edge of the libron band moves to lower frequency
and rises less steeply as ore goes successively from the crystalline phases to
the Ida and hda phases. This is a reflection of the fact that, as previously
inferred from Raman scattering measurements (D.D. Klug, 0. Mishima and E.
Whalley, J. Chem. Phys. 86, (1987) 5323), the distribution of nearest-
neighbour hydrogen-bonded 0—0 distances has a larger width and larger mean
value for the Ida phase than for the crystalline phases, and larger values
still for the hda phase. The phonon band is weighted somewhat more toward
lower frequencies for the 25% denser hda sample but, surprisingly, the high
frequency cut-off of the phonon band is essentially the same for all four
phases. It is known that long-range electrical forces are responsible for the
existence of phonon modes in the range 7-10 THz for Ice Ic and Ih. These
long-range dipolar forces are clearly still present and play on equally
important role in the much more disordered amorphous phases.

Analysis of the results to obtain the velocity spectrum, f(i>), and the
frequency distribution function, g(v), is essentially complete (see PR-PHS-P-
7: 7.2; AECL-9995).
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6.7 Rietveld Analysis of Neutron Diffraction Results for Ice V

E.C. Svensson with E.D, Hallman and F. Fallagh (Laurentian University)
and D.D. Klug and E. Whalley (National Research Council)

Rietveld analysis of the three sets of neutron diffraction results
(corresponding to different degrees of deuteron ordering) for D20 Ice V
obtained earlier (PR-PHS-P-6: 7.3; AECL-9859) is in progress. Prior to
fitting, the data were corrected for the empty cell scattering, absorption and
the variation of the average flux on the sample (see PR-PHS-P-7: 6.9; AECL-
9995). Parameters optimized during the fitting process included deuterium
occupancies, thermal (Debye-Valler) factors for deuterium and oxygen atoms,
cell sites and lattice parameters. In most of the analysis thus far we have
assumed a structure with 28 molecules and a total of 132 atomic sites in a
monoclinic unit cell, space group A2/a, which is believed to be appropriate
for fully disordered Ice V and which also allows a large amount of deuteron
ordering, but not full ordering. This model gives a rather good fit to all
three sets of results (goodness-of-fit parameter Rp - 4.0) and indicates clear
differences in the deuterium occupancies for the three "samples". The sample
that was expected to be fully ordered indeed shows the largest occupancies for
certain preferred deuterium sites but the analysis gives no evidence (for any
of our samples) for the very low occupancies for certain other deuterium sites
obtained by Hamilton et al. (p. 44 in "Physics of Ice", ed. by N. Riehl et
al., Plenum NY 1969) for a partially-ordered sample of Ice V at 110 K. The
thermal parameters have values similar to those found for other forms of ice
and the cell sites and lattice parameters are in good agreement with those of
Hamilton et al. Preliminary analysis in term of a structure with space group
P21/a which has been suggested (B. Kamb and S.J. LaPlaca, Trans, Am. Geophys,
Union 56 (1974) 1202) for fully-ordered Ice V has also been carried out. Thus
far, this model appears to give a poorer overall description than the model
with space group A2/a. The analysis is continuing.

6.8 Rietveld Analysis of Neutron Diffraction Results for Ice IX

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

Since our last report (PR-PHS-P-6: 7.4; AECL-9859) we have measured (PR-PHS-7:
6.9; AECL-9995) the spatial distribution of neutron flux given by the Be (110)
monochromator used for the diffraction measurements on ice IX (PR-PHS-P-5:
7.6; AECL-9758). Under the conditions of the ice IX measurements (1.000 A
neutrons, 0.3° collimation between the monochromator and sample and the 5 cm
x 5 cm x 0.15 cm thick sample in symmetric transmission), the average flux on
the sample was found to increase by 33% between 4> = 10° and 0 = 120° (0 is the
scattering angle and 10" and 120° were the limits of the measurements) and to
exhibit distinct oscillations. After correcting the data for this flux
variation; the Rietveld analysis (see last report) was repeated. A factor of
two improvement in the thermal parameters was obtained as well as a better
overall fit to the data in terms of a model with full deuteron ordering. When
deuterons were then added at low occupancy sites and their positions allowed
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to vary, they were quickly "moved" to non-physical sites. Finally, we fixed
deuterons at low occupancy sites and determined the R factor (which
characterizes the goodness of the fit) as a function of deuteron occupancy.
This gave a very clear minimum in the R factor at the fully ordered
configuration. We conclude that, in our ice IX sample at 15 K, there was full
deuteron ordering.

6.9 Measurement of the Spatial Distribution of Neutron Flux from
Monochroma tors

E.C. Svensson and J.H. Root with D.D. Klug (National Research Council)

If the flux in the incident monochromatic neutron beam is not spatially
uniform, then, in general, the average flux on a sample will depend on the
orientation of that sample in the neutron beam. In order to be able to make
accurate corrections for such spatial nonunifortuities (i.e. to be able to
normalize to the actual average flux falling on the sample at each point of a
scan), we have commenced a program to measure the spatial variation of flux
for different monochromator crystals and different reflections from the same
monochromator crystal. Thus far, we have measured the beam profiles for the
Be(llO) and Si(331) reflections used, respectively, in recent diffraction and
inelastic-scattering measurements on amorphous and crystalline ice (see PR-
PHS-P-7: 6.6, 6.7, 6.8 and 8.2; AECL-9995). Spatial variations in flux are
especially important for these studies where a large thin-slab sample
(typically 5 cm x 5 cm x 0.15 cm thick.) is maintained in symmetric
transmission while the scattering angle 0 (the angle between the incident and
scattered beams) is varied, often over a very large range.

To measure the beam profile, we translated a polythene rod (1,2 or 3 mm in
diameter and the same height, 5 cm, as the ice samples) across the beam at the
sample position in fine steps (0.25 - 1.0 mm) and, at each step, measured the
scattered neutron intensity with a 3He detector set at 0 = 90° with no
collimation between the rod and detector. The rods were initially positioned
using laser beams and the b^am centre was checked by allowing only a narrow
beam to pass through the centre of the incident-beam collimator. Measurements
were carried out for the different incident-beam collimations and the full
range of incident-neutron wavelengths used in the ice studies.

For the relatively small Be monochromator (total length 6.9 cm used in
symmetric transmission for the (110) reflection), the flux for both 0.9 A
(monochromator scattering angle 2eH = 46.26°) and 1.0 A (20M = 51.9°) neutrons
is peaked very close to the beam centre and, in gross feature, falls off to
both sides with the distance between the half-height positions being about 0.7
of the nominal beam width (5.1 cm). Superimposed on the gross behaviour
intrinsic to the monochromator are uniformly spaced maxima and mimima arising
from shadowing by the absorbing blades (Cd-plated steel) used to fix the
collimation. These beam profile measurements show that the average flux on
one of our 5 cm wide ice samples increases by 33% as 0 increases from 10° to
120°, a typical range for the diffraction measurements made with the Be(110)
monochromator.



6-11

In the case of Si(311), where the monochromator is a large disc (13 cm
diameter x 2.2 cm thick) in symmetric reflection, the flux, in gross feature,
rises from one beam edge to a veil defined maximum that is substantially
displaced from the beam centre position and then falls to a relatively flat
shoulder before decreasing to zero at the other edge. The displacement of the
maximum from the beam centre position increases as 2en increases, largely a
geometric effect caused by the rotation of the monochromator. At 28H = 47.32°
(1.0 A neutrons), for example, the maximum is displaced from the beam centre
position by about 0.7 cm and the flux at the shoulder is about 55% of the peak
flux. The distance between the two half height positions is typically 0.85 of
the nominal beam width. The normalization factor for the change in average
flux on the sample only varies by about 11% over the full range of frequency
transfers (-0.8 to 31.4 THz) in the inelastic scattering measurements (PR-PHS-
P-7: 6.6 and 8.2; AECL-9995) made with Si(331). The variation is much smaller
than in the diffraction measurements partly because the sample is rotated less
during the inelastic measurements and partly because the Si(331) reflection
gives a more uniform flux distribution than the Be(110) reflection even though
it is of more complex shape.

6.10 Phonon Anomalies and Structural Modulations in Ni0 5BAl0 12

E.C. Svensson with E.D. Hallman (Laurentian University)

Additional measurements of the marked phonon anomaly in the [ffOJT]̂  acoustic
branch in Nio.5sAlo.42 have been carried out at 15 K using the N5 spectrometer
under conditions of higher experimental resolution than in our previous study
(PR-PHS-P-5: 7.7; AECL-9758). The high resolution allowed us to extend the
measurements down to f = 0.075 and the region of the anomaly, centred at f -
0.20, was completely mapped out. Selected measurements were also carried out
at 15 K over the range 0.1 < f < 0.3 for the [00f]T acoustic branch. An
extensive study of the elastic satellite peaks which we reported earlier (PR-
PHS-P-5: 7.7; AECL-9758) for this alloy and which Shapiro et al. (Phys. Rev.
Lett. 62 (1989) 1298) have also observed for Ni0 6 2 5 A l 0 3 7 5 was also carried
out at 15 K. These satellites are believed to reflect the periodicity of the
structural modulation which is a precursor to the martensitic phase transition
which occurs at T - 0 K for Ni0 58Al0 42. Satellite reflections were observed
for f - 0.13 along [Off] and [Off] directions near the (020), (002), (031) and
(031) reciprocal lattice points with the most extensive measurements being
carried out under conditions of high experimental resolution near (020) and
(002). Here the satellite peaks beyond the reciprocal lattice points are
observed to be about 4 times more intense than those inside the reciprocal
lattice points (i.e., closer to the origin). This difference probably
indicates substantial strains in our specimen. The stronger satellite peaks
have intensities - 0.003% of the (020) and (002) Bragg peaks. We also observe
additional weaker satellite peaks at f ~ 0.167 beyond (020) and (002).
Selected measurements were also carried out at 150, 225 and 295 K. The
satellite peaks decrease in intensity as the temperature increases and the
intensities at 295 K are approximately half those at 15 K. Analysis of the
results is in progress.
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6.11 Search for Orientationallv Disordered Phases at High Temperatures

B.M. Powell with F. Dunstetter (Laboratoire Leon Brillouin)

All molecular solids which exist in an orientationally disordered (OD) phase
have at least one transition to a normal, ordered phase. The majority of
these order/disorder transitions occur below room temperature, but a few
solids are expected to have this transition above room temperature, if they
have an OD phase at all. Two such solids are hexabromoethane (C2Br6) and
carbon tetraiodide (CI4).

At room temperature the structure of C2Br6 is orthorhombic and is fully
ordered. Differential thermal analysis (T. Koide, M. Tsujino, M. Sawada and
T. Oda, Bull. Chem. Soc. Japan 47 (1974) 2998) shows a transition at 177°C to
a bcc structure, the expected OD phase, which persists to the melting point at
200°C. The room temperature structure of CI4 is ordered with the tetragonal
space group I42m. It is not known if an OD phase exists in CI4 below its
decomposition point at 171°C, but comparison with the behaviour of the bromine
analog (CBr4) suggests that such a phase could only exist near 171°C. Neutron
powder diffraction measurements were made to examine the detailed structure of
the OD phase in C2Br6 and to search for such a phase in CI4

The measurements were made on the powder diffractometer G-4-1 at Laboratoire
Leon Brillouin, Saclay. The incident wavelength was 2.44 A and the 800-wire
detector, with resolution 0.1° provided a range of scattering angles between
10° and 90°, with a single repositioning to obtain points every 0.05°.
Measurements were made at room temperature for both materials and preliminary
indexing of the data agreed with the known room temperature structures.
Measurements were then made as a function of temperature. For C2Br6 there was
no evidence of a transition up to a temperature of ~ 132°C, where the material
decomposed - well below the supposed melting point of 200°C. A second sample
of C2Br6 was then used with the sensors located inside the powder sample. The
same result was obtained. At present we have no explanation for the
discrepancy between the nominal melting temperature and the temperature at
which our sample decomposed. The effect is analogous to that found earlier in
C2F6 (B.M. Powell, W. Press, G. Dolling and V.F. Sears, Mol. Phys. 53 (1984)
941). For CI4 decomposition was so rapid at elevated temperatures that
unambiguous results could not be obtained, but decomposition appeared to be
complete at ~ 125°C. However, there was evidence that a transition took place
at - 75°C prior to complete decomposition.

6.12 Search for Glass Phase in 1.2-Difluorotetrachloroethane

B.M. Powell

Several molecular solids which have an orientationally disordered, high
temperature phase are reported to either pass through or to enter a glassy
phase on cooling. The occurrence of such a phase may depend on the thermal
manipulation of the sample. One such solid is 1,2-difluorotetrachloroethane
(C2F2C14). On the basis of line narrowing observed in Brillouin scattering
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measurements (C.H. Wang and S.K. Satija, Chem. Phys. Lett. 87 (1982) 330) it
vas suggested that a glass phase exists in this solid from ~ 90 K. Neutron
powder diffraction measurements have been utilized to search for structural
evidence of this phase.

The measurements were made on the C5 spectrometer with the MD30 multidetector
array. The monochromator was Si(115) and the neutron wavelength was 1.4795 A.
Powder diffraction data was collected at temperatures of 290, 175, 125, 110,
90, 70, 50, 30 and 12 K. At 290 K the diffraction profile contained well-
defined Debye-Scherrer lines superposed on an intense and highly structured
diffuse background. This is the well-known signature of a disordered crystal.
No Debye-Scherrer lines are evident for scattering angles greater than 20 =
42° indicating a large effective Debye-Waller factor.

Preliminary Interpretation of the Debye-Scherrer lines indicates the crystal
structure is tetragonal with a = 4.9180(8) A and c = 9.876(3) A. The
diffraction profile shows minimal change as a function of temperature and
there is no evidence for a structural transition to either a glassy phase or a
more ordered crystalline phase. This is very unusual behaviour, for it is
expected that either an order/disorder transition or a transition to an
orientational glass would occur as the temperature is lowered.

6.13 Phase Transitions in Hethvlammonium Lead Halides

B.M. Powell with 0. Knop (Dalhousie University) and M.T. Dove (Cambridge
University)

The orientational disorder of the ammonium ion (NH4)
+ has been extensively

investigated for many years as a function of crystal environment, temperature
etc. The methylammonium cation (CH3NH3)

+ represents the next level of
complexity for simple systems showing cation orientational disorder, since
(CH3NH3) is not "spherical". The methylammonium lead halides ((CH3NH3)PbX3, X
= Cl, Br, I) are a class of salts containing this "non-spherical" ion, which
show several phase transitions as a function of temperature. It is expected
that the transitions are related to the orientational ordering of the
methylammonium cation.

Neutron powder diffraction measurements were made on the three halides with
the 30-element multidetector. The neutron wavelength was 1.4795 A. For the
chloride data was collected at temperatures of 185, 176, 165 and 12 K, for the
bromide at temperatures of 165, 154, 140 and 12 K and for the iodide at
temperatures of 293, 170, 160 and 12 K. Several of these scans were
successfully indexed but the crystal symmetry determined for other scans was
ambiguous, while some could not be indexed at all. It was decided that
several of these ambiguities might be resolved if higher resolution data could
be obtained. Consequently, samples of the chloride and bromide were taken to
the time-of-flight High Resolution Powder Diffractometer (HRPD) at the
Rutherford-Appleton Laboratory and further powder diffraction data was
collected.
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Measurements were made in two time-of-flight ranges, 210 - 130 ms and 150 - 80
ms so that the two lowest index peaks were not observed. For the chloride
data was collected at temperatures of 298, 176 and 100 K and for the bromide
at temperatures of 165, 151 and 5 K. These data sets were augmented by
inclusion of the lowest index peaks from the Chalk River results and the
preliminary indexing derived from these results was utilized to guide the
interpretation of the combined data sets.

At 298 K the structure of (CH3NH3)PbCl3 was confirmed as cubic and inital
attempts to refine the structure indicate the methylammonium ion is
orientationally disordered. At 176 K the chloride has an orthorhombic
structure with a = 8.0085 A, b = 7.9503 A and c = 11.3362 A. The preliminary
indexing suggested this phase was tetragonal, but the higher resolution of
HRPD shows that it actually has orthorhombic symmetry. Attempts to index the
100 K data have failed to find an acceptable solution. The structure of
(CH3NH3)PbBr3 at 165 K is tetragonal with a = 8.2967 A and c = 11.8823 A. The
probable space group is P4/mmm. At 15 K the bromide is orthorhombic with a =
8.4760 A, b = 8.2259 A and c = 11.7208 A and the possible space group is Pmmm.
These interpretations confirm the preliminary conclusions based on the Chalk
River data. Interpretation of the data at 5 K has failed to find an
acceptable solution for the structure of this phase of the bromide.

6.14 Crystal Structure of Tellurium Hexafluoride. TeF6

B.M. Powell with L.S. Bartell (University of Michigan)

The crystal structure of the low temperature phase of TeF6 has been determined
from the powder diffraction data measured previously at 190 K. (PR-PHS-P-3:
7.10; AECL 9503). The structure is orthorhombic, space group pnma with a =
9.5207(4) A, b = 8.6075(4) A, and c = 4.9991(2) A and 4 molecules in the unit
cell. The symmetry of the molecule is incompatible with the orthorhombic
crystal symmetry and the molecules are thus distorted from their ideal
octahedral symmetry.

Electron diffraction data from microcrystalline clusters (L.S. Bartell, E.J.
Valente and J.C. Caillat, J. Phys. Chem. 9J. (1987) 2488) show the existence of
two phases of TeF6 below the high temperature orientationally disordered
phase. However, in the bulk sample used for the neutron powder diffraction
measurements, only the orthorhombic phase could be observed. This effect is
analogous to the comparison between electron and neutron diffraction results
on sulphur hexafluoride (SF6). The former technique again observes two low
temperature phases whereas the latter probe observes only one. However, the
orthorhombic structure found for TeF6 is very different from the monoclinic
structure observed in SF6. Despite the presence of a chalcogenide atom in
both molecules, the crystal structure of TeF6 behaves like that of a
transition metal hexafluoride e.g. UF6 (J.C. Taylor and P.W. Wilson, J. Solid
State Chem. U (1975) 378) rather than like that of SF6. The difference is
probably due to the greater bond length in TeF6 (Te - F = 1.81 A) compared
with SF6 (S - F = 1.5 A).
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6.15 The Embedded Atom Method and Vacancy Concentrations in Ordered Ni3Al

S.M. Kim

In recent years the embedded atom method of Daw and Baskes (M.S. Dav and M.I.
Baskes, Phys. Rev. Lett. 50 (1983) 1285; Phys. Rev B 29 (1984) 6443) has been
successfully applied to a wide range of problems in pure metals such as defect
energies, diffusion, surfaces and phonons. The embedded atom method has also
been extended to an ordered alloy Ni3Al in order to calculate, among other
things, point defect energies and vacancy concentrations (F.M. Foiles and M.S.
Daw, J, Mater. Res. 2 (1987) 5). For stoichiometric Ni3Al at 1000 K, Foiles
and Dav obtain a vacancy concentration of 3 x 10"8 and the formation energy of
a vacancy of 1.47 eV, which is in good agreement with the experimental value
of 1.6 ± 0.2 eV.

We have examined these calculations in detail and found, however, that the
above results as well as the composition dependence of Ni and Al vacancy
concentrations at 1000 K obtained by these authors are all incorrect since
these authors made serious errors in their calculations. We have carried out
correct formulation of the theory and find that the vacancy concentration in
stoichiometric Ni3Al at 1000 K according to the embedded atom method is =10*

31

and that the formation energy of a vacancy is 6.1 eV, in sharp contrast to the
more reasonable values, 3 x 10"8 and 1.47 eV, respectively, they obtained
previously. At present it is not clear why the vacancy concentrations and
formation energies calculated from the embedded atom method are so entirely
unreasonable.

6.16 Effect of Heat Treatment and Uniaxial Compression on the Residual Stress
in U-0.8 wt.% Ti Allov Measured by Neutron Diffraction

J.H. Root and T.M. Holden with A. Salinas-Rodriguez and S.R. MacEwen
(Advanced Materials Research Branch) and G.M. Ludtka (Martin Marietta
Energy Systems)

The residual stress distribution in 17 mm thick-walled, 7-quenched U-0.8X Ti
alloy tubes was studied using neutron diffraction techniques. Additional
measurements were made after the as-quenched tubes were stress levelled at
room temperature (0.015 strain in compression), or aged at 658 K followed by
immersion quenching, or after combined stress levelling and aging. The
stresses were calculated with the isotropic bulk values of the elastic
constants for U-0.8£ Ti alloys given strains measured from shifts in the
(110), (111) and (112) Bragg peaks.

Quenching from the 7 field resulted in a biaxial stress state at every point
across the wall of the tube (Fig. 6.16.1). The radial stress was negligible.
The axial and circumferential stresses were equal, reaching 700 MPa in
compression at the tube outer surface and 500 MPa in tension in the interior.
After the tube was aged at 658 K for 4 hours and immersion quenched to room
temperature the residual stresses were about 30% lower than those observed in
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the as-quenched condition. Stress levelling reduced the maximum residual
stresses by a factor of about ten (Fig. 6.16.2).
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6.17 Characterization of CANDU Reactor Pressure Tubes by Superconductivity
Measurements

P. Unrau, Z. Tun, B.B. Whalen and V.J.L. Buyers with B.C. Skinner (Fuel
Channel Components Branch)

In extruded CANDU Reactor pressure tubes a small amount of the cubic /8-phase
with composition Zr-20 wt%Nb exists in a form of continuous channels. Since
these channels are mostly responsible for hydrogen diffusion through the bulk
material, the tubes are usually heat-treated in order to break up the /3-phase
microstructure into isolated Nb-enriched regions. Unlike the majority a-phase
which remains normal down to 0.5 K, the 0-phase is known to become super-
conducting at 7.8 K. A suggestion was made by Fuel Channel Components Branch
at WNRE to exploit this property to determine whether the /8-phase
microstructure is continuous in a given pressure tube sample. Preliminary
measurements of resistivity p on a few samples have shown that the technique
is feasible (PR-PHS-P-6: 7.11; AECL-9859).

More recently, measurements have been carried out on seven new samples cut
from the same extruded pressure tube but heat treated at 400°C for different
durations. Resistance of the samples were measured down to 4.2 K by the
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4-wire method and the resistivity curves obtained for the extreme samples are
shown in Fig. 6.17.1. Sample I has not been subjected to any heat-treatment
but sample VII has been annealed at 400°C for 1 day. The transition of sample
I is very sharp and shows most rapid descent at 7.9 K, indicating that the /S-
phase microstructure is continuous. Sample VII undergoes superconducting
transition at a lower and much broader temperature range. The wide transition
range is a signature of less well-connected 0-phase and is reflected in the
lower value of maximum dp/dT. Nevertheless, the residual resistivity of
sample VII does fall eventually to a very low value suggesting that break up
of ft phase microstructure is not complete, or if it is superconducting, the
gaps between the £-phase regions are smaller than the characteristic size of
superconducting Cooper pairs.

Upon examining the resistivity curves of the other samples which span between
sample I and VII, a striking correlation depicted in Fig. 6.17.2 is observed.
For all the samples transition temperature Tc is adopted as the temperature
where dp/dT tends to a maximum (also see Fig. 6.17.1). The samples were
annealed at 400"C for different periods as listed in the inset. Tc generally
decreases for longer anneal time except for sample IV where it shows a slight
retraction. A more prominent retraction is seen in (d/>/dT)max which otherwise
decreases monotonically. The discontinuity between sample III and IV is
interesting since it corresponds precisely to formation of Nb-enriched 0-phase
and the metastable hexagonal w-phase which occurs after 47 tnin annealing at
400°C (B.A. Cheadle (1975) CRNL-1208). This correlation is the first hard
evidence that resistivity measurements could be used as a tool in the pressure
tube surveillance program.
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Fig. 6.17.1 Resistivity of two pressure
tube samples. Sample I was not heat-
treated but sample VII was annealed at
400°C for 1 day.

Fig. 6.17.2 Correlation between
Tc and the maximum value of
temperature derivative of
resistivity dp/dT.
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6.18 Critical Exponents Measured by Magnetic X-rav and Neutron Scattering
Techniques

Z. Tun and W.J.L. Buyers

The long-range antiferromagnetic order in uranium nitride (UN) is regarded as
a typical example of 3-dimensional Ising model with the order parameter
critical exponent 0 of 0.31 ± 0.5 K and the associated Neel temperature TN =
49.5 ± 0.5 K. Validity of these parameters determined by neutron diffraction
(Holden et al. Phys. Rev. B 26 (1982) 6227) was questioned by a resonant
magnetic X-ray scattering experiment recently completed at the National
Synchrotron Light Source (NSLS), Brookhaven National Laboratory, since the
latter gave significantly larger value of p and higher TN. Unlike the
magnetic dipole interaction of neutrons with magnetic ions, the resonant
magnetic X-ray scattering is due to electric multipole interactions between
photons and partially filled levels of the ions. The apparent disagreement
between X-ray and neutron results, if confirmed, would suggest that the two
methods probe different critical behaviours. Alternatively, the disagreement
could be an artifact caused by severe extinction suffered by neutron radiation
as it passes through the much larger sample.

A neutron scattering experiment was carried out with the particular (small) UN
crystal that was used in the NSLS experiment. The values of fi independently
deduced from magnetic Bragg reflections (HO) and (221) are 0.35 and 0.31,
respectively with the associated TN of 49.0 ± 0.5 K. Since these results are
in excellent agreement with the original neutron scattering results, it is
tentatively concluded that the critical exponents measured by magnetic X-ray
and neutron scattering techniques are intrinsically different.

6.19 Over-Damped Magnons in CsNiCl3

Z. Tun, W.J.L. Buyers with A. Harrison (McMaster University)

It has been reported that a qualitative explanation of magnetic excitations in
the one-dimensional and three-dimensional (1-D and 3-D) phases of CsNiCl3 is
provided by approximate mapping of Heisenberg antiferromagnetic (HAFM) chains
onto ( 1 + 1 ) dimensional quantum field theory (PR-PHS-P-6: 7.15; AECL-9859).
The theory proposed by Affleck (Phys. Rev. Lett. 62 (1989) 474) predicts a
triplet gap mode with 2n periodicity in Q-space for isolated chains as
observed by neutron scattering experiments (PR-PHS-P-4: 7.18; AECL-9680 and
PR-PHS-P-5: 7.18; AECL-9758). For the coupled chains of CsNiCl3 the triplet
degeneracy is lifted below the Neel order temperature: two of the triplet
members become Goldstone modes at the ordering wave-vector (1/3,1/3,1) while
the third member which arises from novel longitudinal fluctuations of the spin
vector S persists as a gap mode. The 3-D phase magnon frequencies near
(1/3,1/3,1) and the intensities predicted by the field theory are in very good
agreement with neutron scattering results.

However, a disagreement was seen when the frequencies of magnon branches avay
from the ordering wave vector were measured in a recent polarized neutron



6-19

experiment. The field theory predicts the frequencies of the Goldstone modes
(transverse excitations) to rise to 0.546 THz and 0.386 THz at (001) while the
longitudinal mode frequency becomes 0.437 THz. A constant-Q scan near (111),
equivalent to (001), shows the following disagreement (see Fig. 6.19):

1. The peak in spin-flip (SF) channel ought to occur at lower frequency
compared to the peak in non-spin-flip (NSF) channel but the peaks in the
two channels appear to be at the same frequency.

2. The total intensity in the SF channel is too weak compared to the
expected intensity resulting from superposition of the four spin-flip
excitations.

Fig. 6.19. Polarized neutron scan at
(0.9,0.9,0.97). The predicted magnon
frequencies and relative intensities
normalized to the strongest mode are
shown by arrows and associated numbers.
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These disagreement prompted a question of whether previous scattering
experiments had failed to detect a mode severely over-damped near (001). A
scan at (0.05, 0.05, 1) using a very large CsNiCl3 crystal snowed evidence for
such a mode. The peak observed is centered on 0.34 THz with only about 1/4 of
the main peak intensity. The width of the peak is clearly broader than the
instrumental resolution suggesting that the associated excitations are highly
over-damped at this wave vector.
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6.20 The Neel Transition in Cr-V Alloys

D.R. Noakes and T.M. Holden with E. Favcett (University of Toronto)

Previously (PR-PHS-P-6: 7.14; AECL-9859) we reported neutron critical
scattering data from single crystals of chromium and Cr(0.2ZV) near their Neel
temperatures. We now have discovered a reasonable line shape that fits the
complete energy and q-dependence of the data at all temperatures above TN for
both samples. The lineshape was derived from the two-band model of the
magnetism of chromium alloys by Sato and Maki (Int. J. Magnetism 6 (1974) 183)
and represents the complete symmetry of the moment fluctuations in the
paramagnetic state in a consistent way. We are now attempting to extend the
analysis to temperatures below TN, where the development of the ordered
state's domains and polarization change the symmetry.

6.21 c-Axis Magnetic Field Locks in Commensurate Magnetic Order in Holmium

D.R. Noakes with D.A. Tindall (Dalhousie University) and M.O. Steinitz
(St. Francis Xavier University)

A number of apparent transitions have been observed by measurements of lattice
expansion and bulk magnetization betweew 90 K and the Neel temperature, 132
K, in single crystals of holmium subjected to magnetic field along the (hard)
c-axis (M.O. Steinitz et al. Phys. Rev. B (in press)). To determine the
structural details of these transitions, we performed neutron diffraction
measurements on the a*c* plane (containing hOl reflections) of a large single
crystal of holmium in a horizontal field cryostat with the field along the c-
axis. While no clear effect was seen at several proposed transition
temperatures above 100 K, it was found that in fields up to 2.2 T applied
along the c-axis, the fundamental periodicity of the field-induced conical
structure locks into the commensurate superlattice value 4c over a range of
temperature (approximately 2 K at 2.2 T) near 98 K, whereas no such effect is
seen in the crystal in zero field. The commensurate plateau extends between
the two transitions brackeling 98 K reported in magnetization and dilatometry.
No new satellites were found in this temperature range, but the intensities of
the fundamental magnetic Bragg peaks exhibited precursor behaviour as the
commensurate state is approached in temperature both from above and below.
Whether approaching from above or below, the Bragg peak intensities rise as
the periodicity departs from its nearly linear temperature dependence and
moves toward the commensurate value. However, once the periodicity is locked
in, the Bragg intensities suddenly decrease to levels near those in zero
field.

The magnetic behaviour of holmium at lower temperatures has been explained in
terms of spin slips in the otherwise very limited range of antiferromagnetic
ordering allowed by the strong crystal field anisotropy in holmium. The
change in overall symmetry that occurs when the spin slip structure
accidentally becomes (superlattice) commensurate, allows new terms in the
Hamiltonian of the system which may then couple to the applied field to
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produce the effects we see. The particular forms of allowed new terms are
being investigated.

6.22 Small Angle Neutron Scattering Experiments at T3

J.H. Root, D.C. Tennant and W.J.L. Buyers with C. Turner (System
Chemistry and Corrosion Branch)

The small angle neutron scattering facility under development at the T3 hole
at the NRU reactor has produced data of a preliminary nature on the number of
specimens, demonstrating the feasibility of performing SANS experiments at
Chalk River. The instrument includes a mica monochromator with a diffraction
angle of 24s to yield a beam of 4 A neutrons which is rendered clean of higher
order contamination by passage through 15 cm of warm beryllium. The linear
position sensitive detector can be located at distances 2.5 through 6 m from
the sample and the incident beam collimation adjusted to obtain angular
resolutions varying from 0.2° down to 0.06° corresponding to distance ranges
15 A to 500 A and 30 A to 2000 A respectively. Samples have included
deuterated polyethylene, part of a study of HV damage in insulators from
Quebec Hydro; plastically deformed copper, to gain experience in the
quantitative analysis of fatigue by examination of void coalescence; and
zirconium colloids, part of a CRNL project to improve the uniformity of
protective coatings on pressure tubes. Planned improvements include a thicker
monochromator, a cooled filter, an evacuated flight path, and a more efficient
shield around the monochromator cavity. This combination is expected to
improve the signal to background noise ratio by a factor of 10.

6.23 Software Development for Single-Crystal Diffraction Experiments

Z. Tun and B.M. Powell

A program to locate automatically the peak positions of Bragg reflections from
a crystal mounted on the K-diffractometer has been written and tested on the
NSSP spectrometer control system at the NRU reactor. Once approximate
reflecting positions of any two non-collinear Bragg reflections have been
found manually and approximate lattice parameters given, the program can
locate up to 15 Bragg reflections and use their positions to deduce crystal
orientations, optimized lattice parameters and zero offsets in instruments
angles. With this enhanced capability, the single-crystal diffraction program
developed for crystal structure analysis and studies of phase transitions is
now completed and operational.

As a demonstration experiment a complete set of Bragg intensities from a
K2ReCl6 crystal (~ 30 mm

3 in volume) has been measured out to sinff/A of
0.49 A. Preliminary analysis indicates that the measured intensities are
consistant with the known room temperature structure of the material. A
complete structure refinement is in progress.
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6.24 Spectrometer Control System

M.M. Potter and R. Donaberger with G.H.Keech (Mathematics and
Computation Branch)

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

1. The program to control the 13 and 30 element detector arrays has been
merged with the spectrometer control program and the control program has been
restructured. This eliminates the need to switch from the multidetector
control program to the spectrometer control program when calibrating a
spectrometer. It also reduces the amount of work required to maintain and
upgrade the software. The new structure permits the system to support a much
larger program.

2. A new scan mode that is used to measure sample texture with the Eulerian
Cradle has been added to the control program. The mode greatly reduces the
time required to program the instrument because it measures one pole figure
per scan. A complete texture profile can be obtained with a total of 3 scans
for a cubic specimen or 5 scans for a hexagonal specimen. The previous method
required 57 scans and 95 scans respectively.

3. The mechanical configuration for the spectrometers is now read from a
configuration file every time a scan data file is loaded. The configuration
file can be modified with the scan editor program. This permits users to
reconfigure a spectrometer as required. In the past the control program had
to be re-linked every time a new configuration was required.

4. The control program will accept a negative value for the monitor
multiplying factor. A negative multipling factor causes the analyzer arm to
be driven to the straight-through position and the analyzer crystal to be
positioned perpendicular to the beam. This sets the spectrometer into a
diffraction configuration while keeping the analyzer crystal in position.

5. The TRANS program which converts spectrometer output data to ASCII format
has been converted to run under VAX/VMS.

6. The MDCAL program which is used to define the hardware configuration and
efficiency factors for the 13 and 30 element detector arrays has been
converted to run under VAX/VMS.

7. A manual entitled "NSSP Computer Systems Users Guide" has been written.
The manual describes the computer systems used to control the spectrometers at
the NRU reactor.
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6.25 Multi-Detector Array. MD30

H.F. Nieman, L.E. McEvan, M.M. Potter and B.M. Powell with V. Mellors
and B.H. Rod (Mechanical Equipment Development Branch)

The 30-element multi-detector array (MD30) has been upgraded in two respects:
(i) its susceptibility to parasitic background scattering from the
neighbourhood of the specimen has been reduced and (ii) its versatility as an
elastic scattering detector for diffraction work has been greatly increased.

The improvement in the background seen by the detector has been achieved by
placing a fixed, converging Soller-slit collimator immediately before the gas
envelope containing the detector bank. The collimator is of the Gd-coated,
stretched steel type developed for DUALSPEC. It was aligned relative to the
detector bank and then fixed rigidly to the mounting frame of the detectors.
The field of view around the specimen seen by each detector is restricted by
the convergent blades of the collimator. Essentially no background is now
observed from radiation shields in "normal" cryostats.

In front of the converging collimator, and rigidly bolted to it, is a
converging aluminum nose cone. It is lined with cadmium and encased in fast
neutron shielding. The space within this nose cone is thus a low background
environment. An accurate slot has been cut into the side of the nose cone to
enable a single detector (cross-sectional area 5 cm x 5 cm) to be positioned
reproducibly in the front section of the cone. A corresponding plug in the
fast neutron shielding enables this to be done without disturbance to the main
body of the shielding. A Soller-slit collimator, 21.5 cm long, can be placed
in front of this detector by bolting the collimator to the machined face plate
which forms the front of the nose cone. The blades may be removed from this
collimator, and apertures inserted at each end, to limit the size of the
scattered beam incident on the detector.

By switching out the 30-element detector bank and switching in the single
channel detector the instrument can be changed from a multidetector powder
diffractometer to a single crystal diffraction instrument. The change can be
carried out in a matter of minutes, thus greatly increasing the versatility of
the instrument as a "diffraction detector".

6.26 Non-Invasive Strain and Temperature Measurements

D.C. Tennant, D.F. Kroeze, J.H. Root and T.M. Holden

Equipment has been developed to test tbs capability of employing neutron
scattering technique to measure the strain and temperature within a specimen.
The apparatus, which is designed to operate automatically under computer
control and any stress within the range 0-400 MPa, can be applied to the
specimen while controlling the temperature of the specimen between 300 K and
900 K.
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apply a load automatically under computer control by adding a motorized linear
translator vhich acts as a lever with moveable weights. The platform which
supports the moveable weights was driven along the linear translator by a
stepping motor to obtain a continuous variation of load. The load applied to
the specimen was measured with a load cell.

An air furnace was constructed by coupling 2 heater assemblies to vanadium
linkage pieces that support the specimen. Each assembly holds 4 cartridge
heaters and a Cromel-Alumel thermocouple. The thermal insulation for the
furnace is made of Cristobalite. The temperature control system is a locally
designed system with an IBM PC/XT interfaced to a HP3478A digital multimeter
and an analog output board which provided a 0 - 10 V control signal to a power
module (phase-angle silicon controlled rectifier). The power from the module
is proportioned to the two heater blocks by manually adjusting 2 variacs to
balance the temperature difference between the heater blocks within ± 0.5 K.
The temperature is stable to ± 0.1 K for any control temperature between 300 K
and 900 K.

6.27 Neutron Monitor for Cold Fusion Experiments

D.C. Tennant, M.A. Lone and V.J.L. Buyers with J. Paquette, D.R.
McCracken and N.A. Briden (System Chemistry and Corrosion Branch)

A neutron monitor was assembled in Bldg. 459 to detect possible neutron
production in Cold Fusion Experiments. The monitor consisted of an array of 5
helium-3 neutron detectors which is placed inside a cadmium lined cavity (20
cm diameter) of a large wax block (1 cubic meter). The detectors are attached
to a thin walled aluminum tube and the cell is placed inside this tube. Wax
chips fill the volume around the detectors that is between the aluminum tube
and the cadmium liner (5 cm between tube and liner). The large wax block
thermalizes the fast unwanted neutrons from external sources before they are
stopped in the cadmium liner, while the wax chips thermalize the neutrons from
the cold fusion cell so they can be detected in the helium-3 detectors. Each
detector is individually connected to its own pre-amplifier, amplifier,
discriminator and counting chain. The data is automatically collected using
an IBM PC/XT that is interfaced to a CAMAC crate. The monitor was used in
several experiments with the System Chemistry and Corrosion Branch, the
Chemical Engineering Branch and the Kossuth University, Debrecen, Hungary.
The efficiency of the monitor varied from 1.6Z to 2.2% for detecting 2.5 MeV
neutrons while the background varied from 22 to 30 counts/hour depending on
the cell geometry. All neutrons detected were within the background
statistics for all of the CRNL cells while accumulating data over a period of
28 days. The Hungarian cell produced similar results after collecting data
for a few days.
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6.28 Preparation of Silicon Monochromators

H.F. Nieman

Several single silicon crystal slabs which had been hot-pressed in December
1988 were mounted and aligned as monochromators using the NRX facility, E13
spectrometer. Silicon No. 13 with the (331) face in perfect reflection has a
narrow mosaic width (FWHM) of 0.17" and compares favorably with silicon No. 12
as a good (331) reflector. Silicon No. 14 which was cut after hot-pressing
such that the face is a (115) reflection, has proven to be the best (115) and
(551) monochromator to date.

6.29 C5 Spectrometer.

H.F. Nieman and G.A. Tapp

The C5 spectrometer was completely dismantled and re-located to the E3 hole at
NRU during the NRU BTF shutdown February 1-25. This transfer of the C5
spectrometer allowed DUALSPEC work to commence on the C2/C5 reactor face in
March.

Since the C5 and E3 holes have identical dimensions, it was possible to
transfer the C5 in-pile collimator directly into the E3 hole. The yoke, drum,
platform, track and analyzer were installed at E3 allowing a 2ffH range of -30°
to +90° (similar to C5 arrangement).

The control electronics and cabling were modified and updated during the
transfer. In addition, the specimen table centering post was relocated on the
platform allowing the 30-element detector access to a higher phi angle. A
movable main beam stop which covers an angular range of 40° was fabricated and
greatly facilitates the use of the 30 element detector.

6.30 C4 Spectrometer

H.F. Nieman

The C4 spectrometer was removed from the NRU C-face in March and placed in
storage in Bldg. 541. It will be relocated at the T3 facility in the future.
Presently there is insufficient manpower to complete the job.

6.31 Reactor Beam Hole Use

H.F. Nieman

The total NRU operating time was 124 1/2 days. The Guelph University
spectrometer operated for 85Z of the available reactor operating time.
Utilization of the other occupied beam holes was as follows:
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No. of No. of Efficiency
Participating Participating (Z of available reactor

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

C4* 1 2 1 15
C5** 2 3 2 22
L3 7 8 2 98
N5 7 4 8 98
E3** 6 6 6 74
T3 3 2 0 50

* C4 spectrometer was removed and put in storage in March.
** C5 spectrometer was relocated to E3 face in February.

6.32 Sudburv Neutrino Observatory

E.D. Earle and E.T.H. Clifford with G. Milton (Environmental Research
Branch) and the SNO collaboration.

The SNO collaboration met in Kingston during the week of June 19 and confirmed
its intention to proceed with a modified design for the SNO detector. This
Mark II design will improve the performance of the detector but may also alter
the cost and scheduling profile. All these aspects will have to be explored
in some detail over the summer of 1989.

A sketch of the Mark II detector is shown in Fig. 6.32. The major differences
between the Mark I and II designs are evident when this figure is compared
with the figures in the SNO proposal (SNO-87-12). The major differences are

a. The acrylic vessel is spherical rather than cylindrical.
b. The light collection devices are 20 cm diameter photomultipliers with

light collecting cones in front rather than 50 cm diameter
photomultipliers.

c. The cavity is barrel shaped with a 22 m diameter waist rather than
cylindrical with a 20 m diameter.

d. Low radioactivity concrete is only required at the waist rather than
around all sides.

There are other changes in the Mark II design not evident from the figure. Ve
plan to outfit the interior of the acrylic vessel with connection points so
that at some later time about 100 neutron detectors can be inserted should
future research and development prove their feasibility. Each detector would
look like a vertical string of sausages going from top to bottom. Each
sausage would be 1 m long by 2 cm in diameter. Ve also expect to be able to
use glass containing at least one order of magnitude less Th and U in the
photomultipliers.



6-27

DECK SUPPORT STRUCTURE

INERT COVER GAS

CABLES FROM PMT's

SULFURCRETE
BLOCKS

INSULATION

NOR1TE

VESSEL SUPPORT

ACRYLIC VESSEL
(12 m DIA)

STAINLESS STEEL LINER

FILLER MATERIAL PHOTOMULTIPLIER TUBES
WITH REFLECTORS

CROSS SECTION OF NEUTRINO DETECTOR

Fig. 6.32



6-28

6.33 Measurements of Th and U in Acrylic

E.D. Earle and R.J.E. Deal with G. Milton (Environmental Research
Branch), B. Edwards (General Chemistry Branch) and J. McLaren (National
Research Council)

The acrylic radioactivity program is intended to measure Th and U in acrylic
with a sensitivity better than 0.5 pg/g and to check it for disequilibrium.
Eventually we would like to obtain acrylic at 1 pg/g Th and U and to be able
to quality control the vessel to these levels. At present the best measuring
method appears to be vaporizing up to 1 kg of acrylic in a furnace, dissolving
the residue in acid and measuring the Th and U by mass spectroscopy.
Disequilibrium can be checked by measuring the alphas from the residue of 10
kg. It is sufficient to measure the 232Th, 228Th, 230Th and 226Ra
concentrations. It is also desirable to at least have a second method for
checking for Th and U if only to confirm the best method. The second method
could, of course, become the best method should it prove to be faster, cheaper
and more reliable. At present we are exploring neutron activation followed by
gamma counting of Pa and Np as the second method.

Numerous measurements have been successfully made by vapourizing up to 1 kg of
acrylic in a suprasil tube at CRNL by heating 200 g bits to 400cC in an inert
atmosphere. The tube is then shipped to NRC where it is cleaned with HN03 and
the residue checked for Th and U by Inductively Coupled Plasma Mass
Spectroscopy (ICP-MS). The sensitivity is 0.1 to 0.2 ng and the acrylic tends
to have 2-4 pg/g of Th and 1-2 pg/g of U.

Until very recently attempts to clean the tube at CRNL and send the residue to
NRC for mass spectroscopy have not been successful because the samples and
blanks have become contaminated. Recently, a clean air station similar to the
one used at NRC has been installed at CRNL and for the first time samples
produced from cleaning the tube at CRNL have been evaporated at NRC and
measured to be clean by Iji-MS. We obtained three blanks with Th and U < 0.1
ng and an acrylic sample with Th at 1.1 pg/g and U at 1.6 pg/g. We have
demonstrated that we can handle four samples per week.

Three 10 kg samples have been vaporized at CRNL and the residue flushed
through ion exchange columns to separate out the Th, U and Ra from each other
and from unwanted elements. The separation efficiency for Th and U was over
502 as has been checked with spiked acrylic samples but the Ra efficiency was
low (around 20%). No evidence for disequilibrium in the Th or U isotopes was
found. Very recently the separation techniques have been improved and the Ra
recovery efficiency is now 35%, the U and Th recovery efficiencies have also
improved to 70% and 80% respectively. A new alpha counting station containing
two counters and the associated electronics has also been set up.

Finally, three samples each weighing 30 g of acrylic were neutron activated,
reduced in perchloric acid, co-precipitated with La and deposited for gamma
counting. The gamma counter does not have good enough efficiency for doing
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many samples in a reasonable time but more important, at present, there is too
much other radioactive baggage co-precipitating with the La to make a reliable
determination of the Pa and Np yield. Ve are now introducing chemical
separation using ion exchange columns to get a cleaner solution of Pa and Np
before the precipitation.

6.34 Activation Products in Radiation Processed Meat

M.A. Lone

The technology of food irradiation provides a non-chemical, non-toxic method
for processing and preserving food. Interest in this technology is developing
because of the mounting concerns over the food-borne diseases, persistently
high food losses from infestation, and growing international trade that must
meet stiff import standards of quality, quarantine, and toxicity. In all of
these areas, the irradiation of food has demonstrated positive benefits.
Approval of food irradiation requires thorough scientific research and testing
of the vholesomeness of irradiated foods to guarantee toxicological,
nutritional and microbiological safety and freedom from measurable induced
radioactivity in the processed foods.

Consideration of the significance of radioactivity induced in a food as a
consequence of irradiation involves investigation of probable nuclear
reactions and the occurrence in food of elements which may lead to radioactive
by-products. Ve have evaluated the radioactivity that may be present in meat
before and after radiation processing with either 60Co, 137Cs, bremsstrahlung
X-rays of 5 MeV end-point or electrons of 10 MeV end-point. We conclude that
the induced radioactivity is less than 10 m Bq/kg.kGy just after irradiation.
For a dose of 25 kGy to achieve sterilization the induced activity is thus
less than 0.25% of that already present before irradiation. This amount is
insignificant and would be undetectable in the presence of the 90 Bq/kg
activity from natural sources of 40K and 14C in the meat.

6.35 Multiwire 3He Neutron Detectors

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

Residual gas testing (PR-PHS-P-6: 7.30; AECL-9859) showed that it was
difficult to eliminate water vapour from glass-epoxy (FR4) board used for
anode frames in multiwire detectors. Since then machinable ceramics (Macor,
Aremcolox, Cotronics 914) have been tested and appear to be acceptable.
Cotronics 914 is being used in current detectors. The anode wires are
soldered to pins inserted in the ceramic board. A 13-wire 3He proportional
counter made with this board material was still operating satisfactorily at
the end of the period, 10 weeks after filling. In this detector the load
resistors and coupling capacitors are located in an external attached box
filled with SF6. This prevents outgassing of these components into the
detector volume and reduces electrical pick-up and leakage in noisy or humid
environments.
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Tests at the T3 spectrometer at NRU indicate that this design of detector can
probably be used with no decoding logic. Neutron events that are detected
close to the central position between two wires gives a signal in one wire or
the other that exceeds the normal discrimination level- Approximately 202 of
the time these events produce coincident pulses in the adjacent wires. By
selecting an appropriate discriminator level for each wire, a scan of the
summed counts of all the wires can be kept to ± 2>% when the detector is
scanned with a narrow (0.5 mm) neutron beam. This discriminator level is at
approximately 50% of the proton peak height.

A data logging system has been developed for testing the multiwire detectors
at NRU using an IBM PC/XT. Sealer boards that plug directly into the PC
mainframe accumulate data simultaneously from ten wires. The detector is
mounted on a linear positioning table which is driven by a stepping motor.
Software is written so that a scan can be programmed which collects data for a
desired time interval at each incremental position. The data is stored on
floppy diskette in a format ready for analysis.

A second 13-wire detector has been constructed using indium seals instead of
0-rings. The outer anode wires of this counter (1 and 13) are 50 fim in
diameter compared to 15 /zm for the inner 11 wires. This reduces the fields at
the outer edges to give a gas gain for the outer wires more nearly equal to
that for the inner wires. This detector has been assembled and is ready for
testing.

A new vacuum oven has been installed for simultaneously baking and pumping
detector components before assembly. Further tests of detector materials and
components are in progress. Counter bodies and flanges are being standardized
to permit tests with interchangeable parts.

6.36 Residual Gas Testing

G.A. Sims

A new residual gas analyzer (RGA) with two analyzer heads has been installed
and is being tested. The two heads allow analysis at two independent pumping
stations without the danger of introducing cross contamination or leaks when
moving the heads. At present one head is on the cryopumping station and the
other will be installed on the multiwire detector gas-filling line. The first
system is used to check for outgassing from new construction materials or
components that could affect detector performance. The second will test for
residual outgassing from assembled detectors and associated gas handling
systems. When fully operational the RGA is expected to be a valuable
diagnostic tool.
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6.37 Phosvich Detector Repairs

G.A. Sims

Nine more phosvich detectors for MARS are being repaired. The major task, was
the removal of the strong epoxy bond betveen the scintillators and the faulty
phototubes. This has been accomplished and new phototubes have been installed
and revired. The assembly will be completed by bonding the E(slow)
scintillators to the phototubes and repairing the E/AE (fast) scintillator
interfaces with Bicron BC 600 optical epoxy. Finally, Eccobond 45 (black)
will be used for the light-shield seal.

6.38 International Comparison of 125I

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

A draft report on this comparison (PR-PHS-P-6: 7.35; AECL-9859) has been
received from the BIPM. About 40 measurements from 19 laboratories had a
range of 7% (3.5% if one outlier were excluded) with a standard deviation of
0.2% for an unweighted mean and 0.1% for a weighted mean. The unweighted mean
is 1.2% higher than the values submitted by AECL. The weighted mean was
strongly influenced by the AECL values, two of which had precisions of 0.05%.
Subsequently, however, AECL measurements on further samples of the original
solution gave a value (1.45 ± 0.13)% higher than the mean of our earlier
results. This discrepancy has not been explained but it is believed to
indicate a problem with the stability of the solution. Similar problems have
been observed with some iodine solutions in the past. Other evidence for a
solution sampling problem is that the dispersion of all the submitted results
is about five times greater than expected. If there was a sampling problem,
the precision of the individual measurements is not an indication of their
accuracy so the adoption of the unweighted mean seems preferable.

The possibility of a sampling problem does not invalidate our earlier
conclusion (op. cit.) that the three measurement methods tested are consistent
to within 0.1%, because all those measurements were made on the same set of
sources.

6.39 International Comparisons of 75Se

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

(a) Gamma-ray Emission Probabilities

A report (OMH-8901, ICRM-S-14, 86p) on this ICRM-sponsored comparison (PR-PHS-
P-5: 7.43; AECL-9758) has been received. In general the 7-ray emission rates
agree with previous compilations but the relative uncertainties are
significantly lower. Further analysis will be required to get a best estimate
of the fraction of decays proceeding through the 17-ms, 304-keV level of 75As
which is depopulated predominantly via a relatively poorly measured, highly
converted 24-keV y-ray transition. The present y-ray measurements together
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with the OMH activity measurements and correlation measurements made at the
NPL in 1973 support a lower value of (~ 0.069) for this fraction than would be
inferred from data in the LMRI Table the Radionuclides (~ 0.088). The
uncertainty in this fraction, about 2%, adds an equal uncertainty to activity
measurements made by 47t(PC)-7 coincidence counting from which the delayed
events must be subtracted.

The report judged that the uncertainties in emission probabilities quoted by
AECL were appropriate (i.e. neither over nor underestimated) in that they were
consistent with the deviations from the means of the 12 data sets analyzed.
The AECL data appeared to show a slight trend from negative to positive
deviations from the mean values with increasing 7-ray energy but the
deviations were within the quoted uncertainties.

(b) Activity Concentration

Results were submitted to the BIPM for a trial comparison of 75Se activity
concentration. Measurements were reported with and without corrections for
the metastable state in 75As so adjustments can be made when the feeding of
this level becomes better known (cf. (a) above). No other results have been
reported to date.

6.40 The Half-Life of 137Cs

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

The analysis of the 137Cs half-life data (PR-PHS-P-6: 7.36; AECL-9859) has
been completed. The final value for data taken up to 1989 March 6 is (10967.8
± 4.5)d where the uncertainty combines in quadrature type A (statistical and
type B (systematic) components equivalent to one standard deviation. The
adoption of the MLSQQ multiparameter fitting routine allowed fitting the decay
data with an explicit function of 13 variables by varying any specified set of
these while the rest were fixed (PR-PHS-P-6: 7.37: AECL-9859). This procedure
gave the uncertainty components listed in Table 1.

Table 1. Half Life of 137Cs Summary of Uncertainties
Amount Half-life change

Factor varied varied in days

134Cs/137Cs relative response
13<Cs T 1 / 2
210Bi/226Ra relative response
226Ra T 1 / 2

Separation date for Ra3 and Ra4
Degree Pb separated from Ra
210Pb T1/2

Sum in quadrature (Type B)
Uncertainty from fitting procedure (Type A)
Total sum in quadrature

0.003%
0.7 d
0.05*
2600 d
3 y
10%
73 d

A)

1.45
< 0.01
2.96
0.91
1.38
1.61
0.04

4.02
1.99
4.49
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Fig. 6.40 is a plot of one set of decay data and the corresponding residuals
from the fitted function. The reduced x2 for a combined fit to the three sets
of data was 1.8 with 209 degrees of freedom.

For end use in health and safety applications, rather than data compilation, a
conservative approach to a 992 confidence limit is suggested, ± 3(A + ZB) = ±
31 d where the type B components as well as type A have been multiplied by 3
because all were estimated as standard deviation equivalents.

This half-life supersedes previously reported preliminary values based on
subsets of the present data (PR-PHS-P-6: 7.36; AECL-9859, PR-PHS-P-3: 7.43:
AECL-9503, PR-P-P-134: 2.21: AECL-7778 and AECL-6692).
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6.41 Statistical Tests with Simulated Half-Life Data

J.G.V. Taylor and R.H. Martin with P.Y. Wong (Mathematics and
Computations Branch)

Published half-lives of radionuclides often disagree by many times their
estimates uncertainties. This is most noticeable with longer half-lives e.g.
30-a 137Cs, for which activity measurements extend over periods that are short
compared to the half-life but long enough to be affected by slow variations in
detector efficiencies. Undetected sources of error must be the usual reason
for underestimated uncertainties but one paper has described an apparent bias
in the half-life values calculated from fictitious (i.e. simulated) data for
which the total change in activity was not large compared to the uncertainties
of the individual points. The effect, for which no explanation was offered,
became progressively less significant as the period of data collection was
extended (Lagoutine et al. Int. J. Appl. Radiat. Isot. 29 (1978) 269).

We have made tests involving enough simulated 137Cs decay data to show, on the
one hand, that the data taken as a whole are consistent with the random
distribution from which they were derived and should therefore be
representative of real radioactive decay data obtained under unbiased
conditions, but, on the other hand, that some random samples selected from
this data show trends similar to that described by Lagoutine et al.

Two hundred points randomly sampled from a normal distribution with mean and
variance ~ 106 were ordered at 10-d intervals and reduced by exponential
factors simulating a half-life of exactly 104d. Then the original points were
randomly reordered nine times (to get the equivalent of ten shuffles of a
200-card deck) and the same exponential decay factors applied to each.series.
For each of these ten data sets apparent half-lives were calculated for the
first 40, 80, '<20 and 160 points as well as for all 200 points. In general
these half-life estimates fluctuated as expected around the input value (104d)
but Fig. 6.41.1 is a selected example of a data set that suggests the
systematic effect noted by Lagoutine et al.

From our total collection of simulated data we infer the following explanation
of the Lagoutine et al. observation. The means of independent random samples
from a large population will be distributed around the population mean but the
mean of an individual sample will be either larger or smaller than the
population mean. If, by chance, a sample mean differs from the population
mean by a large amount, say two or three standard deviations, and if this
sample is increased by adding, one-by-one, more samples of similar size, the
mean of the augmented sample will tend to regress toward the population mean
more or less monotonically until the relatively smaller random fluctuations
dominate its behaviour.
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The similarity to the previous figure is obvious. In both cases the data
points are highly correlated, each point includes all the data from the
preceding point. The real data may include some non-statistical effect
because the first two points are four standard deviations from the final
values. Omitting the data for the first three points of Fig. 6.41.2 made no
significant change in the final half-life value.

It is concluded, in agreement with Lagoutine et al., that a meaningful half-
life value can be obtained only if the change of activity over the measurement
period is large compared to the uncertainties of the individual data points.

6.42 New Computer System

R.H. Martin

During this period a new desk top computer was purchased. This computer is
based on a 80386 microprocessor running at 20 MHz with 64 kilobytes of fast
cache memory. An integral tape drive system allows the backup of the fixed-
disk drive within a few minutes.

Our least-squares fitting routine based on AELIB MLSQQ has been transferred to
this computer. The fast processor and system architecture allow this routine
as written to proceed at about three or four times the speed previously
possible with a desktop computer in this laboratory. When this routine is
adapted to suit the new processor, the speed will increase again.

A compatible CAMAC crate controller will be required to convert control of the
sample changers to this computer system.

6.43 Standards Issued

R.H. Martin

(a) Standard Sources (by Branch)

54Mn Nuclear Ph-sics (1)
60Co Nuclear Physics (1)
75Se Nuclear Physics (i)
88Y Nuclear Physics (3)
90Sr Chemical Operations (1)
109Cd Nuclear Physics (1)
133Ba Nuclear Physics (1)
137Cs Nuclear Physics (1)
144Ce Nuclear Physics (1)
241Am Chemical Operations (2)
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(b) Standard Solutions

63Ni Dosimetric Research (1)
147Pm Dosimetric Research (5)
147Pm General Chemistry (1)
90Sr Queen's University (1)
207Bi Queen's University (1)

6.44 Ge Detector Servicing

J.J.-P. Bolduc
An older detector made at CRNL was repumped several times for System Chemistry
and Corrosion Branch. The resolution could not be restored to its original
value but was improved sufficiently to make the detector usable for low
resolution work.

6.45 Glassbloving Laboratory

D.A. Doering

Work completed during the period is grouped by lead branches.

Chemical Operations ("Mo production)

Sixty-six alumina columns, thirty-nine product recovery headers and thirty-two
ball joint connectors were fabricated.

Chemical Engineering

Twelve quartz tubes with sixteen small holes drilled in each one were made for
experiments to improve proposal curling irons for Buran.

Two 1 m long alumina columns were made for experiments on improving "Mo
recoveries.

Ten specially designed glass gas bubblers were constructed for use in the
CRITIC I experiments (litrium/tritium sweep gas test) in NRU. This enabled
tritium from irradiated lithium ceramic capsules to be transferred to ethylene
glycol solution for tritium analyses.

Fuel Engineering

Eighteen quartz holders were assembled to test ferrite samples in a microwave
cavity. These ferrite samples, designed at WNRE for the removal of diesel
soot, are being tested for microwave susceptibility.
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Fuel Materials

Thirty-six glass vials were constructed to continue experiments on iodine
stress corrosion cracking of irradiated specimens of Bruce fuel sheathing.

Accelerator Physics

Tvo complex pyrex lines for a plasma generator were fabricated.

Waste Management

Three quartz boats and six boat holders were constructed to conduct
experiments on disintegration of waste materials.

Dosimetric Research

Fifteen glass circular tritium exposure discs were supplied for the study of
tritium skin exposures on mice.

System Chemistry and Corrosion

Four prototype quartz fusion cells, three quartz water cooled fusion cells,
six palladium electrode holders and five recombining condensers were
constructed for cold fusion experiments.

Ten new quartz cells were constructed and five quartz optical cells were
modified for studies of reactor coolant chemistry.

Ontario Hydro

Ten sight glass tubes were cut to proper length to be used at the Rolphton
Dam.

6.46 Mechanical Laboratories

H-C. Spenceley and L.E. McEwan

About 65% of the Bldg. 116 laboratory effort was applied to multiwire 3He
detector components including Al and stainless steel body pates and machinable
ceramic anode frames. Scintillators for TASCC took 25% of the time and the
remaining 10% was divided between cutting silicon crystals and making
glassblowing jigs.

The SANS facility and crystal alignment parts were finished, assembled and
sent to NRU for installation.

Some of the parts for the Dual Beam Monochromator instruments stacks were
manufactured and work on the components for the crystal insertion and removal
tool was started. Over 100 collimator blades were made and have been shipped
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avay to be cadmium plated. New parts were made and installed in the kappa
mechanism to remove all the play in the rotation drive.

An adjustable T3 beam slip stop mechanism was designed and manufactured.

Farts for the ANDI static stress test were made and assembled along with
alterations to the creep machine.

Fixtures for holding a portion of a turbine blade and a tube to plate veld
tests section were manufactured.

Alterations were made for the 30-element detector to mount a single detector
and a 8" collimator with interchangeable beam slits.

Other work completed includes nine crystal mounts, a helium-3 detector, two
sample holders and some silicon mounts.

6.47 Publications and Lectures

PUBLICATIONS

NEUTRON INELASTIC SCATTERING FROM FUMED SILICA
J.H.Page, V.J.L. Buyers. G. Dolling, P. Gerlach and J.P. Harrison
Phys. Rev B39 (1989) 6180

SYMMETRY OF SPIN WAVES AND HALDANE GAP IN CsNiCl3
Z. Tun, V.J.L. Buyers, R.L. Armstrong, E.D. Hallman and D.P. Arovas
Journal de Physique, Colloque C8, Supplement 12, Tome 49, Decembre 1988,
1431-1432.

NEUTRON DIFFRACTION STUDY OF THE NEEL TRANSITION IN Cr(0.5Z V)
D.R. Noakes, T.M. Holden, P.C. de Camargo, E. Favcett and P. de V. DuPlessis
J. Appl. Phys. 64 (1988) 5883

NEUTRON SCATTERING INVESTIGATION OF RANDOM FIELD EFFECTS IN Dy(As,V)04
D.R. Taylor, J.T. Graham, T.P. Matthews, D.R. Noakes and V.J.L. Buyers
J. de Physique 49 (1988) C8-1239

INELASTIC NEUTRON SCATTERING DETERMINATION OF PHONON DISPERSION CURVES IN THE
MOLECULAR CRYSTAL SYM-C6F3C13
M.T. Dove, B.M. Powell, G.S. Pawley, S.L. Chaplot and A. Mierjewski
J. Chem. Phys. 90 (1989) 1918

NEUTRON DIFFRACTION STUDY OF THE TRICRITICAL ORIENTATIONAL ORDER/DISORDER
PHASE TRANSITION IN CALCITE AT 1260 K
M.T. Dove and B.M. Powell
Phys. Chem. Minerals .16 (1989) 503
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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.

POSITRON ANNIHILATION AND VACANCIES IN NiAl AND FeAl
S.M. Kim
Proceedings of the 8th Int. Conf. on Positron Annihilation, Gent, Belgium.
Eds. L. Dorikens-Vanpraet, M. Dorikens and D. Segers (World Scientific,
Singapore 1989) p. 461.

VACANCY PROPERTIES IN ORDERED Cu3Au and Ni3Al
S.M. Kim
Proceedings of the 8th Int. Conf. on Positron Annihilation, Gent, Belgium.
Eds. L. Dorikens-Vanpraet, M. Dorikens and D. Segers (World Scientific,
Singapore 1989) p. 483.

LECTURES

SUDBURY NEUTRINO OBSERVATORY
E.D. Earle
Ottawa Chapter of CNS, Ottawa, Ontario, 1989 January 19

THE SUDBURY OBSERVATORY
E.D. Earle
Workshop on Fundamental Laws, Les Arcs, France, 1989 January 21-28

NDE OF CERAMICS BY NEUTRON DIFFRACTION
J.H. Root, T.M. Holden and J.D. Sullivan
Canadian Ceramics Society 87th Annual Meeting, Ottawa, Ontario, 1989 Feb.19-21

THE APPLICATION OF NEUTRON SCATTERING METHODS TO INDUSTRIAL PROBLEMS
T.M. Holden
Physics Department, Queen's University, Kingston, Ontario, 1989 March 14-15

PHONONS IN Cu3Au NEAR THE ORDER-DISORDER TRANSITION
B.D. Gaulin, E.D. Hallman and E.C. Svensson
1989 March Meeting, American Physical Society, St. Louis, Miss. U.S.A., 1989
March 20-24

DENSITY AND TEMPERATURE DEPENDENCE OF S(Q) AND g(r) FOR LIQUID 4He
J.H. Root, H. Lin, D.C. Tennant, E.C. Svensson, V.F. Sears and E.D. Hallman
1989 March Meeting, American Physical Society, St. Louis, Miss. U.S.A., 1989
March 20-24
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NEUTRON STUDIES OF THE HALDANE GAP
Z. Tun
1989 March Meeting, American Physical Society, St. Louis, Miss. U.S.A., 1989
March 20-24

OBSERVING THE SUN FROM TWO KILOMETERS UNDERGROUND
E.D. Earle
Annual Science Teacher's Seminar
Chalk River Nuclear Laboratories, Chalk River, Ontario, 1989 April 7

SUDBURY NEUTRINO OBSERVATORY
E.D. Earle
Physics Colloquium at Sharp Laboratory
University of Delaware, Newark, U.S.A., 1989 April 19

NUCLEAR POWER
E.D. Earle
7 Public Affairs talks at high schools in Cape Breton
1989 May 1-5

LECTURES AT REGIONAL SCHOOL ON SUPERCONDUCTIVITY
W.J.L. Buyers
University of Sherbrooke, P.Q, 1989 May 29-31

NEUTRON DIFFRACTION MEASUREMENTS OF RESIDUAL STRAIN AND TEXTURE IN WELDMENTS
T.M. Holden, J.H. Root and G. Roy
3rd CF/CRAD Meeting on Research in Fabrication and Inspection of Submarine
Pressure Hulls, Halifax, N.S. 1989 June 6-8

A MEASUREMENT OF THE HALF-LIFE OF 137Cs
R.H. Martin and J.G.V. Taylor
International Symposium on Nuclear Decay Data, International Commission for
Radionuclide Metrology, Braunschweig, V. Germany, 1989 June 6-8.

NEUTRON DIFFRACTION DETERMINATION OF TEXTURE IN A WELDED 316L STAINLESS STEEL
PLATE
J.H. Root, T.M. Holden and G. Roy
Canadian Material Science Conference, Royal Military College, Kingston,
Ontario, 1989 June 21-23.

IN SEARCH OF COLD FUSION IN ELECTROLYTIC CELLS AND METAL/GAS SYSTEMS
W.J.L. Buyers
CAP Congress '89, University of Guelph, Ontario, 1989 June 26-28

OBSERVING THE SUN FROM TWO KILOMETERS UNDERGROUND
E.D. Earle
CAP Congress '89, University of Guelph, Ontario, 1989 Junfi 26-28
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VACANCY CONCENTRATIONS IN DISORDERED ALLOYS
S.M. Kim
CAP Congress '89, University of Guelph, Ontario, 1989 June 26-28

VIBRATIONAL SPECTRA OF AMORPHOUS AND CRYSTALLINE ICE BY NEUTRON INELASTIC
SCATTERING
E.C. Svensson, V.F. Sears, J.H. Root, C. Szornel, D.D. Klug, E. Whalley and
E.D. Hallraan
CAP Congress '89, University of Guelph, Ontario, 1989 June 26-28

NEUTRON DIFFRACTION AND ANALYSES OF DEUTERON ORDER IN ICE IX,V
D.D. Klug, E. Whalley, E.D. Hallman and E.C. Svensson
CAP Congress '89, University of Guelph, Ontario, 1989 June 26-28
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7.2 Analysis of Neutron Inelastic-Scattering Experiments on H2O Ice

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

Recent neutron inelastic-scattering experiments on amorphous and crystalline
H O ice have been analysed to determine the velocity spectrum f(o>) (i.e. the
Fourier transform of the velocity autocorrelation function of the hydrogen
atoms) and, hence, the phonon density of states g(co). The analysis depends
on the fact that in this system, where the neutron scattering is due almost
entirely to incoherent scattering by the hydrogen atoms, the one-phonon term
is directly proportional to f(eo). A simple model relating f(a>) to g(co),
which is supported by theoretical calculations of Prask et al. (J. Chem.
Phys. 56(1972)3217) for ice Ic, is then used to determine g(<w) from the
experimentally-determined f(co) distributions.

To carry out this program it was necessary to correct the measured scattered-
neutron distributions for multiphonon scattering. In fact, up to six-phonon
processes were taken into account to ensure that the error was less than
0.1%. Since the multiphonon scattering depends on f(co) itself, an iterative
method was employed to determine f(co) self-consistently from the neutron
data. The convergence was found to be very fast because the multiphonon
scattering is not very sensitive to the detailed shape of f(<w). In addition,
corrections were made for absorption, self-shielding, multiple scattering,
elastic scattering, scattering from the empty container, and for the varia-
tion of the incident-neutron flux across the sample.

This is the most careful and thorough analysis of incoherent inelastic scat-
tering that has ever been attempted, and sets a new standard for the accurate
determination of the phonon density of states g(co) from neutron measurements.
A discussion of the neutron measurements themselves, and of the g(a>) results
for the various phases of crystalline and amorphous ice that were studied,
can be found in the companion report PR-PHS-P-7:6.6 (AECL-9995).

7.3 Multiple Incoherent Neutron Scattering in Harmonic Systems

V.F. Sears

In a harmonic system such as a crystalline or amorphous solid, where the
motion of each atom is a superposition of a large number of statistically
independent normal modes of vibration, it follows from the central limit
theorem that F(Q,t), the Fourier transform of the incoherent dynamic struc-
ture factor S(Q,o), is a Gaussian function of Q:

F(Q,t) = exp[-Q2p(t)] .

Hence,

;.o
and
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This integral is essentially the same as the one that determines the double
scattering in the Neumann solution of the neutron transport equation. We
have used this fortuitous relation in an approximate correction for multiple
scattering in the analysis of the neutron scattering experiments described in
the preceding report.

7.4 Spin Glasses

K.B. Winterbon (with A.E. Jacobs and others (Univ. of Toronto))

The work to date on criticality and limit-cycle behaviour in random magnets
(PR-PHS-P-6:8.5 (AECL-9859)) has been accepted for publication in Physical
Review B. Work is continuing on the study of these complex systems. Other
ideas for the induction of self-organized criticality (P. Bak et al., Phys.
Rev. Lett. 59(1987)381) are being explored. The minimum energy of paths for
the inversion of domains between metastable states is being examined. In
lieu of efficient graphics displays, a way has been found to use the
"screens" facility on the CDC 990 to observe the evolution of two-dimensional
random magnets under various perturbations.

7.5 Multiple Scattering

K.B. Winterbon

The work on finite-angle multiple scattering distributions (PR-PHS-P-6.8.6
(AECL-9859)) has been completed. The Goudsmit-Saunderson method of calcula-
ting these distributions has been made to work, and a paper has been accepted
for publication in NIM-B.

H. Geissel (Darmstadt) has requested that the calculations of Sigmund and
Winterbon (NIM 119(1974)541) be extended to the greater target thicknesses
usable with the very-high-energy heavy ion beams at GSI. The measured dis-
tributions are appreciably wider than the calculated ones, even with reason-
able changes to the screening length used. It is suspected that the effect
may be a result of the breakdown of the Thomas-Fermi approximation at very
small distances. This problem is being investigated.

7.6 Ion Implantation Range and Energy Deposition Distributions

K.B. Winterbon

A program had been written to interpolate in the tables of the author's book
of the above title. It has been altered to run interactively on the CDC-990,
with the user entering input data in response to prompts from the program.

The program has been made a public file on the CDC 990 computer. To start
it, type exet.en01473.ion.rngbin.
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7.7 Molecular Dynamics Calculations

K.B. Winterbon

The molecular-dynamics code MDPOLY, written by Roger Impey of NRC, has been
obtained by P. Powell (NSSP), to assist in the interpretation of neutron-
scattering studies of molecular solids. It is desired to make this program
run interactively and produce graphical output; work has been started to
understand the operation of the program.

7.8 Threshold Photoproduction of the Neutral Pions

I.S. Towner

There is a serious discrepancy between the expectation of low-energy theorems
and the experimental results for neutral-pion photoproduction at threshold on
the proton (but not for charged-pion photoproduction). (See PR-PHS-P-6:8.9;
(AECL-9859)). The low-energy value is obtained from the lowest order Born
graphs with pseudoyector pion-nucleon coupling. We have calculated addi-
tional graphs involving isobars and heavy mesons but find the contributions
from these are too small to resolve the discrepancy. Currently we are calcu-
lating higher order Born graphs in which the pion rescatters from the
nucleon. For this we need a renormalizable pion-nucleon theory (in order to
control the infinities that occur in loop integrals) and so must resort to
pseudoscalar pion-nucleon coupling augmented by sigma mesons. The sigma
meson couplings can be fixed by requiring the s-wave scattering lengths to be
correctly reproduced for pion-nucleon scattering. Care must be taken to
ensure that the rescattering graphs selected satisfy gauge in variance. Com-
putation of these rescattering graphs is currently underway.

7.9 Superallowed 0+ -> 0+ Nuclear Beta Decays

I.S. Towner, with J.C. Hardy (Director, TASCC Division)

See PR-PHS-P-7.3.1.20 (AECL-9995).

7.10 Studies on the Nuclear Matter Equation of State (I)

C. Gale (with G. Welke, M. Prakash (SUNY at Stony Brook), SJ. Lee and
S. Das Gupta (McGill University))

We have continued our studies of relativistic heavy ion collisions with the
Boltzmann-Uehling-Uhlenbeck formalism (PR-PHS-P-5:8.1S (AECL-9859)), and have
shown that important nonequilibrium features contribute to the generation of
transverse momentum in high energy heavy ion collisions. A consequence of
our studies is that the magnitude of the transverse momentum observed in such
reactions is not directly related to the nuclear equation of state, as was
previously hoped. We have also investigated the effects of effective mass
and pion collectivity on the scattering cross sections. Comparisons were
made with Streamer Chamber data Ar+KC/, La+La and Ar+Pb at 800 MeV per nuc-
leon from the Lawrence Berkeley Laboratory. Agreement between calculation and
experiment was remarkably good. This work has been submitted to Phys. Rev. C.
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7.11 Studies on the Nuclear Matter of Equation of State (II)

C. Gale (with G. Welke (SUNY at Stony Brook) and D. L'Hote (DPhN/ME,
CEN de Saclay))

We have started an investigation similar to (I) but related to the experimen-
tal results gathered by the Diogene An detector at the Saturne National Lab-
oratory in Saclay. This work is still in its preliminary stages.

7.12 Dilepton Radiation from Nucleon-Nucleon Collisions

C. Gale (with K. Haglin and J. Kapusta (Minnesota))

We have calculated electron-positron differential production cross sections
in nucleon-nucleon collisions analytically. This was done using meson
exchange theory with a realistic pseudovector coupling and including strong
interaction form factors. These results were compared with values obtained
from p+Be data measured by the Dilepton Spectrometer collaboration at the
Bevalac. The agreement was good enough to encourage more detailed calcula-
tion. We have also explored the range of validity of the soft-photon approx-
imation. This work has been accepted by Physics Letters B.

7.13 Studies on the Disappearance of Flow in Intermediate Energy Heavy Ion
Collisions

D. Krofcheck, W. Bauer, G.M. Crawley, C. Djalali, S. Howden, C.A.
Ogilvie, A. Vander Molen, G.D. Westfall, W.K. Wilson (NSCL, Michigan
State University), R.S. Tickle (U. of Michigan) and C. Gale

We report the first observation of the disappearance of flow for the symme-
tric system La+La at intermediate beam energies. This was accomplished by
measuring the excitation function for the average-in-plane transverse momen-
tum using beam energies 50, 70 and 130 MeV/nucleon. We have also performed
calculations with the Boltzmann-Uehling-Uhlenbeck equation which support the
concept of vanishing flow for this system in the energy region between 30-50
MeV/nucleon.

7.14 Representations of Art in's Braid Group and Link Polynomials

H.C. Lee, M. Couture and N.S. Schmeing (Deep River)

Our earlier work on representations of Artin's braid group (PR-PHS-P-6:8.12
(AECL-9859)) have been extended to the case N=6.

The N=3 connected link polynomials P(L;t,ct>) (PR-PHS-P-6J4.12 (AECL-9859))
for a large number of knots and non-split links have been calculated; here t
is a variable, co = e l is a special value of a parameter and L is an equi-
valence class of links. These polynomials are related to the Akutsu-Wadati
polynomials V(L;t) through the relations

V(L;t) = P(L;co,tu)
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which may be used to extend the domain of definition of the V(L;.t) to inte-
gral roots of unity at which values they are not well defined by the usual
method. This extension is of particular interest because the V(L;t) are
related to the Green functions of conformal field theories in two-dimensions
(PR-PHS-P-4.8.14 (AECL-9681)), which describe physical systems such as the
Ising model at criticality, only when t is precisely equal to an integral
root of unity.

7.15 Quantum Group, Hopf Algebra and Link Invariants

H.C. Lee and P. Leivo

Drinfeld (Proc. Int'l. Conf. Math., Berkeley (1986)788), Jimbo (Lett. Math.
Phys. 11(1986)247; Comm. Math. Phys. 102(1986)537) and Reshetikhim (LOMI
preprint E-4-87, Steklov Institute, Leningrad 1988) showed that the Jones
class of polynomials is closely associated with a Hopf algebra structure in
quantum groups. This raises the question whether the Conway class of poly-
nomials (PR-PHS-P-6:8.14 (AECL-9859)) has a similar association. Loosely
speaking, a quantum group is a group of transformations obtained by deforming
in a certain way transformations associated with a classical Lie group.
Recently it has been realized that quantum groups provide the underlying
mathematical structure for many solvable physical systems, especially systems
for which solvability is tied to a solution of the Yang-Baxter equations.

Drinfeld and Jimbo showed that every simple Lie group can be deformed to
yield a quantum group containing a Hopf algebra, and that for every represen-
tation of such a Hopf algebra there is a universal R-matrix that satisfies
the /ang-Baxter equations. Furthermore, corresponding to the R-matrix is a
link polynomial. This correspondence gives a class of an infinite number of
link polynomials which, however, does not include the Conway class.

We have shown that for the quantum group associated with U (2,c) there is an
additional pseudo-Hopf algebra structure. The ^-matrices for the two- and
three-dimensional representations of the new algebra give precisely the N=2
and N=3 solutions of the Yang-Baxter equations found earlier (PR-PHS-P-6.-8.14
(AECL-9859)); they also yield the Conway class of link polynomials.
A preliminary account of this work was reported at the Beijing Symposium on
Fields, Strings and Quantum Gravity (1989 May 5 - June 4). Many features of
the new structure remain to be explored.

7.16 Contractions of the Lie Algebra SL(3,C)

M. Couture (with R.T. Sharp (McGill), J. Patera and P. Winternitz,
(University of Montreal))

A Lie algebra is contracted when some of its structure constants are set
equal to zero. Provided the Jacobi identity is satisfied, the contracted
algebra is still a Lie algebra. Contraction has been used in different
contexts in theoretical physics. Recently, it has been used in group theore-
tical studies of scattering theory and in studies of the relationship of
compact and noncompact quantum systems. The algebra SL(3,C) has numerous
applications in theoretical physics; we have studied all possible contrac-
tions of it starting from the Cartan decomposition. A paper is being written
for publication in the Journal of Mathematical Physics.
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7.17 Motion Through Dipole-Magnet Fringing Fields

G.E. Lee-Whiting

Computer codes in general use for the calculation of the motion of charged
particles through dipole magnets - TRANSPORT and TRANSOPTR - base their
treatment of the motion through the fringing field at the edge of a magnet on
the impulse-approximation results of Helm (SLAC-24, 1963) as set forth in
SLAC-75 (revised 1971). Helm's method is equivalent to expanding the ele-
ments of the transfer matrices in inverse powers of the particle momentum and
then letting the width of the zone of fringing field go to zero. Such a
method is not unreasonable for the high-energy systems for which it was
devised, but is most inappropriate for some of the magnets to which it is
currently being applied. These include the transport systems for linac-
generated electrons being studied for product irradiation by the Accelerator
Business Unit and the beam-transport system for TASCC.

General expressions for all 40 first- and second-order elements of the trans-
fer matrices have been derived with the assumption that the magnetic field is
two-dimensional in a certain Cartesian coordinate system; the field component
parallel to the magnet edge is assumed to be zero. While such systems are in
a sense less general than those considered by Helm, they do include a large
number of dipole magnets in actual use. Three-term expansions in powers of
the reciprocal of the momentum have been obtained for all the first-order
matrix elements. Information about the field distributions near the magnet
edge enters the theory through eight integrals over the zone of fringing
field. This same set of eight integrals allows all the second-order matrix
elements to be represented by at least two terms. The first-order results
have also been expressed as a linear transformation which may abe applied at
the effective edge of the magnet. A computer program for verifying the anal-
ytical results by comparison with numerical integrations is currently being
tested. Another consequence of the assumption of two-dimensional fields is
that it allows the evaluation of the basic integrals by a semi-analytical
method. If the magnetic iron is assumed to be infinitely permeable, the
field distribution may be calculated by the method of conformal mapping.
Some work has been done on adapting this method to suitable configurations of
iron an elec- trie current.

7.18 Fiftieth Anniversary of the Discovery of Fission

M. Harvey, G. Dolling (Director of Physics), P. Fehrenbach (Fuel
Engineering), and A.T. Stewart (Queen's University)

A special symposium to recognise the fiftieth anniversary of the discovery of
fission was organised for the annual meeting of the CNA and CNS in Ottawa,
June 4-7, 1989.

7.19 14th Science Teachers Seminar at CRNL

M. Harvey

The scientific program for the fourteenth Science Teachers Seminar at CRNL
(April 6-7, 1989) was organised for 64 participants from Ontario, six from
New Brunswick, and four each from Quebec and Nova Scotia.
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7.20 Reports, Publications and Lectures

Publications

THE ROPER-RESONANCE AND GENERATOR COORDINATE METHOD IN
THE CHIRAL SOLITON MODEL
F. Griimmer, K. Goeke and M. Harvey
Phys. Rev. D39(1989)1903

NEUTRON OPTICS
V.F. Sears
Oxford University Press, 1989
COMPARISON OF NUCLEAR TRANSPORT MODELS WITH 800 A MeV
La + La DATA
J. Aicbelin, J. Cugoon, Z. Fraenkel, K. Frankel, C. Gale, M. Gyulassy,
D. Keane, CM. Ko, J. Randrup, A. Rosenhauer, H. Stacker, G. Welke,
and J.Q. Wu
Phys. Rev. Lett. 62(1989)1461

DILEPTON PRODUCTION
C. Gale and J. Kapusta
Nucl. Phys. A495,(1989)423c

STRANGE STATISTICS, BRAID GROUP REPRESENTATIONS AND
MULTIPOINT FUNCTIONS IN THE N-COMPONENT MODEL
H.C. Lee, M.L. Ge, M. Couture and W.S. Wu
Int. J. of Mod. Phys. A 4(1989)2333 (No. 9)

IRREDUCIBLE EMBEDDINGS AND POLYNOMIAL TENSORS
M. Couture and R.T. Sharp
/ . Phys. A: Math. Gen. 22(1989)1525

Lectures and Seminars

QUENCHING OF SPIN MATRIX ELEMENTS IN FINITE NUCLEI
I.S. Towner
Invited talk at the XXIII Yamada Conference on Nuclear Weak Process and
Nuclear Structure, Osaka, June 12-15

SUPERALLOWED BETA DECAY
I.S. Towner
Seminar at the Univ. of Washington, Seattle, March 1

THRESHOLD PHOTOPRODUCTION OF NEUTRAL PIONS
I.S. Towner
Seminar at TRIUMF, April 18

MAGNETIC MOMENTS AND GAMOW-TELLER TRANSITIONS
I.S. Towner
Seminar at Inst. of Physical & Chemical Research (RIKEN), Tokyo, June 16
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VIBRATIONAL SPECTRA OF AMORPHOUS AND CRYSTALLINE ICE BY NEUTRON
INELASTIC SCATTERING
E.C. Svensson, V.F. Sears, J.H. Root, C. Szornel, D.D. Klug, E. Whalley, and
E.D. Hallman
1989 CAP Congress, University of Guelph, 1989 June 26-28

DILEPTON RADIATION IN NUCLEON-NUCLEON & NUCLEUS-NUCLEUS COLLISIONS
C. Gale
Invited Contribution, Winter School of Theoretical Physics on Nuclear Matter
and Heavy Ion Collisions, Les Houches France, February 7-16

HIGH ENERGY HEAVY ION COLLISIONS: THE DILEPTON PROBE
C. Gale
Seminar given at McGill University, March 2

PROBING THE DYNAMICS OF HEAVY ION COLLISIONS
C. Gale
Presentation to Nuclear Physics Tech. Review Committee, CRNL, April 21;
Physics Colloquium, Chalk River Nucl. Labs., May 18;
Physics Seminar, DPhN/ME Centre d'Etudes Nucteaires de Saclay, June 8

TRANSVERSE MOMENTUM GENERATION AND DILEPTON EMISSION IN
HIGH ENERGY HEAVY ION COLLISIONS
C. Gale
Invited Lecture, NATO Advanced Study Institute on the Nuclear Equation of
State, Peniscola, Spain, May 21-June 3

GOING ROUND CIRCLES - BERRY'S PHASE, HONONOMY & RELATED TOPICS
H.C. Lee
McMaster University, January 11

HOPF ALGEBRA, COMPLEXIFICATION OF U (sl(2,C)) AND LINK INVARIANTS
H.C. Lee
Invited talk at Symposium on Field, Strings & Quantum Gravity, Temple of
Sleeping Buddha, Beijing, China, May 29 - June 4
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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. AECL has formed a
Strategic Advisory Committee to assist in guiding the long-term strategy of
the NFP.

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

Highlights

A highlight for the reporting period is as follows.

• The 1989 March 23 announcement of cold fusion by Fleischmann and
Pons prompted intense activity in fusion. Experiments and
theoretical studies were initiated and a Cold Fusion Working
Group was established to coordinate the work. On 1989 April 11,
a meeting of Canadian groups working in this area was held in the
Keys Conference Center to promote collaboration and to explore a
possible R&D consortium arrangement, should the cold fusion
claims be substantiated. Throughout the period there was a
continual interaction with the media which generally resulted in
very favourable publicity for AECL. As of 1989 June, none of the
Canadian experiments had shown any conclusive evidence of the
effect. News from laboratories throughout the world was mixed,
with about a dozen groups reporting confirmation of some type but
many others reporting no effect. At the end of the reporting
period, it was clear that significant energy production from cold
fusion was unlikely and that the effect had not been convincingly
demonstrated to the satisfaction of the majority of scientists.

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.
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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
Tokamak de Varennes will have an important role in international fusion
research. The high level of international collaboration now in place is
indicative of significant world interest. All initial design parameters of
the machine were achieved in its first year of operation, the challenge now
is to up-grade and improve the machine in order to maintain its technical
relevance.

Highlights

Highlights for the reporting period are as follows.

The experimental program of the Tokamak de Varennes has been
interrupted for major machine upgrades. During this time, the
staff presented 11 papers at the Canadian Association of
Physicists conference, 1 paper at the Canadian Nuclear Society
conference, and 3 papers at the Annual Students Conference of the
CNS. Contributions were also made at three international
workshops on the physics of plasma-wall interactions.

• The Advisory Committee of the CCFM met in April and gave the
project a very favourable appraisal.

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.
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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.

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

Highlights

Highlights for the reporting period are as follows.

The contract to supply tritium handling facilities for an
accelerator installation at the King Fahd University of Petroleum
and Materials, Saudi Arabia has been successfully completed. The
value of this contract was 925k$. As a result of this work, a
number of additional opportunities in Saudia Arabia have been
identified, and are being actively pursued.

A contract to test an electrolytic cell designed for tritium
separation has been negotiated with the Mol Laboratory, Belgium.
This work has been subcontracted to CRNL.

The Project continues to maintain a highly visible Canadian
presence in Europe, with attachments to the JET, NET and ITER
projects. Information and strategies are being developed to make
a case for siting ITER in Canada.

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•
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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.

Highlights

Highlights for the reporting period are as follows.

• The third Canada-Europe fusion bilateral meeting was held at the
NET project site on 1989 June 15. Canada's contribution to JET,
NET and ITER received the enthusiastic endorsement of the
European fusion program. Work, has been started on a revised
version of the Canada-Europe Memorandum of Understanding on
fusion.

. The attachments of Dr. H. Pacher and Dr. G. Pacher of CCFM to the
NET project were negotiated and approved. This marks an
important milestone in bringing to bear the resources of both the
Canadian projects in the NET/ITER area; formerly, all of Canada's
participation had been from CFFTP.

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.
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