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INTRODUCTION - J.C.D. Milton
This Is the fifth semi-annual report with the new organization and
encompassed a very difficult period of adjustment to cuts In government
funding.
In Physics and Health Sciences, these cuts were sufficiently
severe that it was necessary to dissolve the Medical Biophysics Branch in
Whiteshell.
Some of the program of that branch has transferred to
Radiation Biology along with three staff members. Many of the remaining
branch employees were transferred to other work at WNRK. The budget cuts
also demanded that we make major reductions in our research fellow
program.
This has the highest priority for restoration if funding
improves.
For the second time, highly successful peer reviews were carried out.
The three Technical Review Committees met as follows:
Environmental Research
TASCC
Condensed Matter Research

March 24 and 25
May 5 and 6
May 16 and 17

The members of the Condensed Matter TRC were:
Professor A.J. Berlinsky - Chairman
McMaster University
Dr. M. Blume
Brookhaven National Laboratory, USA
Dr. B. Dorner
Institut Laue-Lengevin, Grenoble, France
The members of the TASCC TRC were:
Professor N. de Takacsy - Chairman
McGill University
Professor G. Karl
University of Guelph
Professor Henry Blosser
Michigan State University, U.S.A.
Professor P. Braun-Munzinger
State University of New York, U.S.A.
Dr. R.M. Diamond
Lawrence Berkeley Laboratory, U.S.A.
Professor Bjorn Jonson
Chalmers University of Technology, Sweden
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The Technical Review Committees perform an extremely important role in
confirming that our research programs are of high calibre and ensuring
that they have appropriate objectives.
Members of Physics and Health Sciences have appeared before the Working
Party of the Task Force set up by the Privy Council Office to advise the
Government on the future of AECL.
It gives me great pleasure to record that one of our most distinguished
Chalk River scientists, Dr. W.J.L. Buyers, has recently been elected
Fellow of the Royal Society of Canada.
Throughout the period many preliminary discussions have been held on
constituting TASCC as a national facility.
Further work in this
direction awaits the release of the report of the PCO Task Force.
The TASCC facility was shut down from January 1 to June 30 to install the
first part of the beam transport system carrying the beam from the SCC
analyzing magnet to the location of the experimental equipment. The work
was completed on schedule and below budget, thanks to the excellent
efforts of a dedicated work force.
The ISOL, the interim scattering
chamber, and the relocated 8-pi spectrometer are now able to receive beam
from either the SCC or the Tandem via the new beam transport system.
Beam line to all other experimental locations can now be installed
without shutting down the facility. During the shutdown the Tandem was
equipped with new extended tubes and resistors and was conditioned
without difficulty to 15 MV.
Beams have been satisfactorily run for
extended periods at 14.2 MV.
Difficulties with the SCC have been encountered in extracting the beam
and in operating in pi-mode (two pairs of dees out of phase).
In the
latter mode, circulating rf currents occur in the median plane liner and
heating can result at places where symmetry is broken. A task force to
make a concerted attack on these problems has been formed.
Upgrading of the neutron scattering facilities at the NRU reactor has
continued with major improvements to the L3 triple axis spectrometer,
greatly increasing its monochromator angular range, neutron beam height
and space for mounting the very large specimens frequently encountered in
the Applied Neutron Diffraction for Industry program. Work on the Dual
Beam Neutron Spectrometer (Dualspec) is progressing at a slow pace
because of serious overloading in the design office and machine shops.
Completion of this innovative device, funded jointly by AECL and NSERC
through a consortium of six universities, may be delayed by 6 to 12
months. Preliminary calculations of neutron moderation and gamma heating
in various types of cold neutron source for the NRU reactor favour the
selection of a thin elliptical disc of liquid H2 source for
installation in the proposed third vessel for NRU.
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The finishing touches were put on the SNO proposal and it has been
submitted to the combined Councils.
Subsequently NSERC and NRC
established an Ad Hoc Review Committee of international experts. The
report of this Committee is extremely favorable and strongly recommends
that the Councils fund this unique Canadian project.
On March 29 the agreement constituting the Centre Canadien de la Fusion
Magnetique (CCFM) was signed at the Tokamak de Varennes. The agreement
makes AECL, Hydro Quebec and INRS directing partners in the Tokamak. The
partners share in the intellectual and real property according to their
contributions.
This signing was a very important milestone in the
Canadian Fusion Program.
For the thirteenth consecutive year the Secondary Schools Science
Teachers' Seminar was held at CRNL. This year's seminar, attended by 122
teachers from 6 provinces was one of the most successful ever, in spite
of a significant increase in registration fee.
The response of the
teachers continues to be overwhelming. The direct financial support was
obtained from the Canadian Nuclear Association as well as from AECL and
the indirect support for teachers' travel from the New Brunswick Power
Electric Commission.
Publications and Talks
The number of publications and talks increased in the Physics area of
Physics and Health Sciences in 1987 over 1986 in almost all categories
indicating that despite budget cuts, productivity remains high.
The
results are:
Calendar
Year

Full
Publications

Unrestricted
Reports

Scientific
Talks

Public Affairs
Talks

1986

57

0

100

44

1987

88

4

86

57
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SUMMARY
J.C. Hardy, J.S. Geiger, L.B. Bender and J.A. Hulbert
Topical Review by D. Ward

1.1

GENERAL

The past six-month period coincided exactly with a long-planned shutdown of
the TASCC facility, during which the first half of Phase II construction was
completed, the tandem was upgraded to 15 MV, and substantial modifications
to the cyclotron were implemented. Despite the complexity of these tasks,
which involved well over 50 trades people, technicians and professionals,
all work was completed within the scheduled period.
The Phase II construction comprised installation of 50 metres of
beam-transport line together with all associated services and control
equipment. On June 28, tandem beam was successfully transported through the
newly completed line to the laboratory's three main installations: the 8n
spectrometer, the reaction-studies facility, and the on-line isotope
separator.
All systems operated to their specifications.
No further
shutdowns will be required to complete the Phase II installation.
The tandem upgrade was completed by April, with all eight new accelerator
tubes being conditioned individually to 4.5 MV and the voltage of the entire
assembly successfully reaching 15 MV. Subsequent beam tests and operation
have revealed no difficulties in operating at these higher voltages.
Cyclotron improvements included water cooling to the cavity wall, hill
lenses and deflector; complete re-zeroing of all 104 trim rods; and
revamping of the buncher control logic
Opportunities were even found for
substantial tests with rf operation alone and 60 hours with beam to
investigate the efficacy of the improvements. In particular, heating of the
cyclotron components was found to be substantially reduced, although there
are still several remaining areas of concern. Steps are already being taken
to deal with these too.
During the shutdown, the 8TT spectrometer was successfully moved from its
location on the interim beam line to its final site at T4. A number of
improvements were also made to ISOL. All groups analyzed data from earlier
experiments.

1.2

TOPICAL REVIEW - SUPERDEFOKMED NUCLEI

To a good approximation, nuclear shapes can be described as ellipsoids
specified by two parameters, 3 and Y, where 3 is related to deformation by
measuring the departure of the major and minor axes from equality, and Y
describes the ellipsoid as either prolate Y=0°, oblate Y=60°, or triaxial
0°<Y<60°.
In accordance with general physical principles, a nucleus will
adopt an equilibrium shape that has lower potential energy than any similar
shape. In other words, it occupies a minimum in the landscape of potential
energy versus 3 and Y»
In general, there will be more than one local
minimum in this landscape. The principle factors governing the potential
are:
1) the bulk properties of nuclei, i.e. Coulomb and surface energy
represented by the liquid drop model, and
2) the shell structure energy,
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which minimizes for those shapes giving the lowest density of states around
the Fermi surface (the so-called "shell gaps").
The well known magic
numbers are an example of this latter term. However, the particular set of
shell gaps generating these magic numbers are for spherical shapes. If the
shell model calculation is extended as a function of increasing 3, a new
series of shell gaps opens up.
In a harmonic oscillator approximation,
these shell gaps correspond with major-to-minor axis ratios successively
3:2, 2:1 and 3:1, each shape appearing at particular magic numbers different
from the spherical ones. In a more realistic mean field, the sharpness of
the integer ratio is diluted, but the gaps remain.
The first calculations to investigate the effects of the liquid drop and
shell energy terms on nuclear shapes tfere by Strutinski (Nucl. Phys. A95
(1967) 420 and Nucl. Phys. A122 (1968) 1). The result was a highly deformed
(axis ratio 2:1) minimum in the potential for nuclei in the actinide region,
which was able to predict the occurrence and explain the properties of
fission isomers. These may be called the first superdeformed nuclei.
With advances in theory, it became possible to calculate potential energy
landscapes as a function of rotational frequency, whence it was realized
that fast rotation has the effect of stabilizing the potential minimum at an
axis ratio of 2:1 in rare-earth nuclei (e.g. Bengtsson et al., Phys. Lett.
57B (1975) 301), the magic numbers for this being Z*64-66, N=84 - i.e. i 5 0 Gd
and
Dy.
In fact, the effects were so large that the superdeformed
minimum was predicted to be the absolute minimum for sufficiently fast
rotation.
It should be noted that both
Gd and bidDy are spherical in
their ground states. These results might have remained of academic interest
only were it not for the observation in
Dy of gamma decay down a
rotational band built on an intrinsic state of very high deformation (Twin
et al., Phys. Rev. Lett. 57. (^88) 811).
The typical experimental signature of a superdeformed band is a chain of up
to 20 mutually coincident gamma rays, removing about 20 MeV of excitation
from the nucleus over the spin range 20-60 h. The energy spacing of the
gamma rays is characteristically very uniform and corresponds to nearly
perfect rigid-body quantum rotation. After the discovery in
Dy, there
was a gap of about one year before a second case,
Gd, was found at TASCC
with the 8ir spectrometer (Haas et al., Phys. Rev. Lett. 6£ (1988) 503). The
reaction employed was
Sn( Si,5n)
Gd at 150 MeV and this choice turned
out to be important for the development of the field, since it provided the
first clue to the feeding mechanism:
the reaction led to significant
population of low temperature states in the vicinity of the superdeformed
band. Simple consideration of the energetics shows this to be more likely
in the 5n channel than in the 4n channel (except for the ( Ca,4n) reaction,
used by Twin et al., where low temperatures can be reached on account of the
extreme neutron excess of the projectile).
Within a short time of the
announcement of the
Gd discovery, four new cases were found:
Gd
(Berkeley),
Dy (Argonne), l b 0 Gd avid i b l Tb (Daresbury). In every case,
the reaction channel was either 5n or 6n.
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Even in the most favorable cases, superdeformed rotational bands are
populated very weakly, being about 0.5% of the fusion cross-section and
this, coupled with the rather high transition energy of the radiation (up to
1.5 MeV), makes the study of superdeformed bands the exclusive domain of
large Y~ray spectrometers, such as the 8n spectrometer. In experiments at
TASCC, where a BGO ball is used in conjunction with a 20 HPGe suppressed
array, a mixed AECL/University group was able to determine the entry region
energy and spin, and isolate the continuous spectrum associated with the
superdeformed band in
Gd (Taras et al., submitted to Phys. Rev. Lett.
(1988)). These results confirm that low temperatures are associated with
populating the band, but do not confirm the suggestion that high energy El i
radiation (3-8 MeV) associated with the giant dipole resonance is a
necessary precursor of the band as suggested by Herskind et al., Phys. Rev.
Lett. _59_ (1987) 2416. The importance of low temperature feeding can be
understood on the basis of recent calculations which show that the depth of
the superdeformed minimum in the potential decreases as the nuclei become
warmer. This is due in part to a loss of order in the nucleonic motions and
in part i.o the level density becoming dominated by normal states as the
temperature rises (S. Aberg, Nucl. Phys. A477 (1988) 18).
Since the
probability of trapping a nucleus in the superdeformed minimum depends
critically on the well depth, then the trapping probability must depend
strongly on the temperature.
The most immediately extractable results for these bands are the dynamical
moments of inertia, J\2) and rotational frequencies, UJ, which depend only
on Y-ray energies for successive transitions.
The kinematic moments of
inertia, J^\
depend on the absolute spin values, which are uncertain to
±2 h.
In
Dy and
Gd, lifetime measurements have also determined the
average quadrupole moments of the bands (Twin et al. loc cit and Haas et
al. loc cit). From these systematics and with some guidance from theory, it
is possible to begin to make quasi-particle assignments.
In
Dy, the
structural change between normal and superdeformation amounts to about 10
neutron particle-holes and 6 proton particle-holes. Nevertheless, the key
factor in driving the shape is occupation of the orbitals ffii3/2 a n d
v
ln
J15/2*
, spherical nuclei, these orbitals are not occupied until well
beyond the
Pb double shell closure and are intruders into the rare-earth
region. In the calculations of Aberg et al. (Proc. of Bormio meeting 1988
January), the active ingredient in , Dy is the configuration (.^^
(vJl5/2)f» ^
Gd it is 0 T i 1 3 / 2 ) 2 (^Jl5/2)2 and in i<t9Gd (*13/2)
(vJ15/2) •
In these calculations, each orbital makes a characteristic
contribution to the total j(2) viewed as a function of rotational
frequency.
For example, the contribution of two particles to j(2)
strongly decreases with increasing w, compared with one particle in the same
orbital.
In this way, the calculations reproduce the otherwise puzzling
(2) falls much more steeply with increasing OJ than
trend that in
Gd, j(2)
it does in "* Gd.
Similarly in
Dy, j( 2 ) actually rises with ID (the
only one of the five cases to do so), a trend nicely reproduced by the
calculation.
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In the rare-earth region, there is a great deal of experimental and
theoretical work to be done.
The boundaries of the , superdeformation
phenomenon are not yet established:
for example, is
Dy the heaviest
nucleus to exhibit superdeformation? In none of the existing cases has the
superdeformed band been attached to the level scheme. This is important in
order to fix the spin values, thus removing the uncertainties in j(^)
values which are presently obscuring detailed comparison with theory. In
the odd-mass cases, this would also fix the band signature, and although it
is unlikely that the calculations are wrong in this respect, it is an
important check. A further aspect of interest is the decay out of the band,
which experimentally occurs over only two or at most three states around
spin 20 h.
Such a rapid depopulation suggests that the barrier between
normal and superdeformed
states disappears at this spin; however,
calculations do not support this.
Dudek et al. have suggested that the
sudden return of pairing correlations, which can plausibly be expected at
around spin 20 h, reduces the mass parameter entering into the probability
for barrier penetrabilityThus, it is the transparency of the barrier
rather that its decreased height which allows sudden depopulation (Dudek et
al., JIHIR preprint 1987). Measurement of individual state lifetimes near
the bottom of the bands may shed light on this. Techniques for making firm
quasi-particle assignments based on Fauli blocking arguments have been
applied at lower spins successfully for several years.
Whether such
techniques can be applied to superdeformed states is uncertain. Clearly,
the first requirement is to obtain systematics of several nuclei, and
secondly, to see more than one superdeformed band in a particular nucleus.
The study of superdeformation is an extremely active field, and its scope is
likely to increase in the future. The successful theoretical prediction of
the phenomenon before its observation suggests that experimentalists should
take seriously the current predictions of hyperdeformed nuclei (3:1 axis
ratio) and the existence of super-oblate shapes of both collective and
non-collective character. These systems offer unique opportunities to study
nuclei in conditions where the leading determinants of nuclear structure
have been brought into a relationship with one another that is very
different from their relationship in normal shapes.

1.3

RESEARCH

During the six-month shutdown, a large fraction of the Nuclear Physics
branch effort was devoted to direct support of the beam-line installation
activity and to the relocation and/or in_ situ modification of researcn
facilities, so as best to utilize beams in the new facility arrangement.
First experiments are scheduled for July.
The efforts of the 8n group have been divided between moving the instrument
to its new location with minor upgrading, and analyzing the abundance of
data accumulated during the first year of operation. This report contains
seven contributions giving new and detailed information on the level
properties of five nuclides. Other groups have also completed the analysis
of earlier experimental studies.
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Staff members have carried out collaborative experiments on the liquid/solid
interface and on DSAM lifetimes using accelerator facilities at Queen's
University and at McMaster.

1.4

INSTRUMENTATION AND FACILITY DEVELOPMENT

The proposal for a major particle facility to be built by a collaboration
involving AECL and the Universities of Laval, Toronto and Mcoill was
evaluated early '- the year by an NSEKC-commissioned peer committee and by
outside referees appointed by NSliRC and AECL.
Despite the positive nature
of the evaluations, the project was not chosen for funding in the current
year.
Subsequently, the efforts of the reactions group have been directed
to the development of a modest array, which will permit an early start on
some of
the pnysics wnile at
the same
time establishing
technical
credibility to support resubmission of the proposal.
The ISOL group used the limited time available for nori-VASCC related work to
overhaul the facility and to consolidate, their recent advances in source
pert"oricaace and in direct mass measurements.
Work was started that will
lead co further improvements in overall system efficiency.
A committee, which included representation from the outside users, has
evaluated the data-acquisition/analysis facilities needed to support the
TriSCC-based
experimental
programs.
Submission
of
a
"Request
for
Authorization" of the recommended additions to the existing facilities is
being withheld pending a more favourable overall financial situation*
An instrument was designed and constructed which measures harmonic content
of the field of magnetic lenses to very high accuracy.
It has been used to
characterize the T A S C C Phase II magnetic elements and lias attracted the
interest of other laboratories.

1.5

PllAHi II

The fnase II snutdown concluded when oeam was delivered to the Tl, T3 and T4
target locations on June 28, two days ahead of schedule after six months of
work. i>eain transmission exceeded the specified HJA for all three locations.

1.6

ACCELERATORS

'i'ne tandem accelerator was shut down during most of tne period for scheduled
upgrading to 15 inegavolts operation.
All work was successfully completed
and the tandem was commissioned at 15 megavolts on the terminal.
Ttie
Vivirad column resistors continued to snow no signs of deterioration and no
replacements have been necessary.
One of the accelerator tube resistor
assemblies was damaged because of breakage of the accelerator tube electrode
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supporting it.
A modified bracket was made to mount a new resistor
assembly.
The broken portion of the electrode was on the outside of the
tube and performance was not affected.
The cyclotron too was shut down throughout most of the period but resumed
development tests during May and June- Tests were to evaluate the effect of
installed modifications on the rf heating in both n and 0 mode, and to
develop a U Ag beam at 13 MeV/u.
This beam was chosen to represent a
modest step away from the 42 MHz frequency for the 10 MeV/u
I beam
already accelerated. The heating problem is now considerably improved.
The facility operating record is given in Table 1.6.1.

Table 1.6.1
Tandem and Cyclotron Operating Record
1988 January 1 - June 30

Use
Tandem

Beam Available
Beam Development
Scheduled Shutdown
Unscheduled Shutdown
a)

187.6
649.8
3503.1
27.5

Total time elapsed time, 4368 hours.

a)
Time (hours)
Cyclot:ron

0
24.,6
4322.,6
20.,8

2.

TASCC STAFF

2-1
T A S C C

2.1

S T A F F

ASSISTANT TO VICE-PRESIDENT, TASCC
Secretary:

J.C. Hardy
R.J. Elliott (1)
S.C. Sheridan-Cole (2)

N. iJaddell-Bonora (3)
2.2

NUCLEAR PHYSICS BRANCH
Branch Manager:
Secretary:
Professional Staff

T.K.
•R.
ri
G .C.
W .G.
J •S.
E.
D.
V•T.
D.
H.
.J.
D.

x,

Alexander
Andrews
Ball
Davies
Forster
Hagberg
Horn
Koslowsky
Radford
Schmeing
Sun (4)
Ward

J.S. Geiger
H.C. Yeas
Technical Staff

N,.C. Bray
R,.L. Brown
L..H. Bucholtz
P. Dmytrenko
J..J. Hill
R.• E . Howard
P..J. Jones
J. Lori
B. Luloff
J.P.,D. O'Uacre

W .L.
D.
F.J.
W.F.
L.V.
A .R.
R.W.

Perry
Phillips
Sharp
Slater
Smith
Sprake
Stalkie
M • G. Steer
R .B. Walker
M .J. Watson
T.G. Whan (5)

Attached University Staff

F.. Banville
M.• deaulieu
S.. Cournoyer
T.. Drake
G., Oyck
S. Fiibotte

A.. Galindo-Uribarri
J. Gascon
R.L. Graham
J. Gray (6)
B. riaas
J. Johansson
S. Mona ro
N. Nadon
S. Pilotte
L. Potvin
D. Prevost
C. Pruneau
D.D. Rajnauth

R. Roy
K.S. Sharma

C. St. Pierre
P. Taras (7)
D. Thibault

u. Townsley
X. Tran

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

2-2
Students
J. Balfour
T. Curtis
T.E. Parker
R. Schooley
R. Sluban

Technical
National
Co-op
*DRSA tutor
Technical

Canadore
Condordia
Waterloo
Brock
Cambrian

reported 88
reported 88
88 Jan. 4 reported 88
reported 88

* The Deep River Science Academy.
2.3

TASCC OPERATIONS BRANCH
Branch Manager: N. Burn
Secretaries:
L.C. Walsh (8)
P. Way (9)
Professional Staff

Technical Staff

N. iiurn
T. Astarlioglu
L.B . Bender
li.F . Greiner
P.I • Hurley
Y. Imahori
E.H . Lindqvist
E.P . Stock
L.W . Thomson

G.J. Corriveau
G. Backmeier
0. Gray (10)
R.&. Milks
J.R. Tremblay
S.G. Whittle

Operational Staff
Supervisors

Operators

F.A. Galloway
G. Hodgson
T.G. Kosmack
T.W. Ryan
R.E. Stresman

J.K.
D.A.
M.J.
J.M.
R.J.
H.C.
J3.A.
B.U.
W.G.
R.G.

Student
G. Yatcyshyn
2.4

National

Manitoba

Barrington
Corriveau
Corriveau
Godin
Kennedy
Laferniere
McMahon
Noel
Schroeder
Schultz
reporte<

CYCLOTRON GROUP (ACCELERATOR PHYSICS BRANCH)
Professional Staff

Technical Staff

J.A. Hulbert
G.R.J. Hoffmann
G.R.D. Mitchel

J.K.A. McGregor
J.F. Mouris
L.W. Shankland

May 2
May 9
Apr. 29
May 30
May 2

2-3
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)

Returned from maternity leave 1988 January 18.
Reclassified to Regular Part-time effective 1988 March 14.
Temporary secretary to AVP, TASCC; transferred to Radiation Biology
Branch 1988 January 19.
Assigned to AVP office one day per week (Friday) effective 1988
March 14.
Visiting scientist (from the Institute of Modern Physics, Lanzhou, The
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3.1

RESEARCH

3.1.1

Statistical Model of
Intermediate Energies

Fragmentation

in

Heavy-Ion

Reactions

at

C. Pruneau with S. Houde and L. Potvln (Universite Laval)
A statistical model, similar to the one used by Gradsztajn et al.
(Gradsztajn et al., Phys. Rev. Lett. lb_ (1965) 436) has been developed for
central collisions at intermediate energies. The calculations are compared
to the data from the study of reactions
0 on Be and
C at 32.5 MeV per
nucleon (Y.D. Chan et al., private communication) and will be useful for
forthcoming experiments.
The measurements of Y.D. Chan et al. were performed with the LBL 88-Inch
Cyclotron and a phoswich array consisting of 34 AE-E elements with
sufficient
granularity
to handle
high multiplicity
events
and
6
position-sensitive phoswich detectors.
This setup covered a 35° by 70°
rectangular cross-section of the 4TT sphere, with a 5° by 5° hole in the
middle for the beam exit.
The statistical model assumes that, if a large amount of energy is suddenly
released in a small region of space, it will be rapidly distributed among
the various degrees of freedom present in that volume.
Moreover, that
volume will break up according to the statistical weight of the various
possibilities:
fl

M,

v-x,. .,

k,b
3rn-l)/2
(2jT) J(n i;/2

?
^
i=l

3/2
M

S

T(3n-5)/2

/r

3(n-l)\'

n
J

s=l

where the interaction region U is taken as the overlap of the target and
projectile nucleus at a given impact parameter; Ms and I,- are the mass
and spin of the particle; n is the number of particles in a given channel;
g is the number of groups of identical particles, and T is the kinetic
energy available in that particular channel.
Quantities such as the charge yield Y(Z) are extracted by summing over the
impact parameter b in the following manner:
b

max

Y(Z) -I

\
2n b iib _

n (k) W , ,
^ll ,

b=0
where n z (k) is the number of fragments of charge Z in the partition k.
The sums run over the impact parameter, b, and all partitions, k, at a given
impact parameter.
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This expression assumes a 4TT detection system with Eero energy threshold.
Since this is not the case for the experiment mentioned above, we have to
include the detection efficiency of the experimental setup in the
calculation. The detection efficiency can be calculated for a given number
of detected fragments by the following expression:

EFF = 'r
z=0

—
M(z)!(N(z)-M(z))!

P O,v)M<2> (I-P(x,v))<N<Z)-M<Z»
z

z

where N(z) and M(z) are the number of particles of a given Z emitted and
detected, respectively, and P Z ( T , V ) is the detection probability for a
particle of a given charge, Z, from a source of a given speed, v, at a
temperature, T , for the geometry and threshold of the experimental setup,
this last number being obtained from a Monte Carlo simulation.
By combining the last two expressions, one can calculate the charge
distribution for a given detected multiplicity of charged particles. We did
these calculations for detected multiplicities 5, 6 and 7 for the reactions
b
0 on Be and
C at 32.5 MeV. Comparison with experimental data requires
an adequate experimental filter to select only data from central
collisions. This may be hard to achieve properly for the experimental setup
mentioned above* Work is still in progress.
3.1.2

Hon 0 + •» 0 + Superallowed t3 Decays
E. Hagberg, J.C. Hardy, H. Schmeing and V.T. Koslowsky with I.S.
Towner (Theoretical Physics Branch), E.T.H. Clifford and H.C. Evans
(Queen's University) and R.E. Azunia (University of Toronto)

The decay of ^°Na (see PR-PHS-P-3: 3.1.1; AECL-9503) is one of five cases
in which the weak vector coupling constant has been determined for a non
0"*" •*• 0"*" superallowed c5-decay branch. The coupling constant for this case
now agrees with all four other cases.
One of these cases,
Ar, had
previously appeared anomalous since the coupling constant deduced from the
superallowed branch did not agree with the very precise values obtained from
the 0 + + 0 + series of superallowed 3 emitters. A recent re-measurement of
the decay of
Ar has removed this anomaly (see Phys. Rev. Lett. i6£ (1988)
499). Because of other changes in some of the pertinent parameters for the
other non 0 + •»• 0 + cases, we decided to update the information on all five
cases.
We have, re-analysed data on the superallowed decay branches of the neutron,
Ne,
Na,
Al and
Ar in a consistent manner.
The most up-to-date
information on their Qgc~ va l ues s half-lives, branching ratios, 3-decay
asymmetries and radiative and charge-dependent corrections have been used.
The average value of the weak vector coupling constant deduced from these
five non 0+ •»• 0 + decays (see Table 3.1.2.1) agrees with that obtained from
the 0+ •»• 0+ decays, viz G^ = (1.1497 ± 0.0003) x 10~5 GeV~2. The results
from the five cases are also internally consistent and there is therefore no
indication of any spin-dependent effects on the weak vector coupling
constant.
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Table 3.1.2.1
Survey of Results for the Weak Vector Coupling
Constant as Determined from Non 0**" + 0~ 3 Decays

Nuclide

= (1.147 ± 0.007) x lO"5 GeV -2

neutron

:

G

19

Ne

:

G* = (1.152 ± 0.002) x 10"6

Na

:

G'V = (1.103 ± 0.028) x 10"5 GeV"2

*M

:

G* * (1.148 ± 0.008) x 10"5 GeVU

:

G* = (1.136 ± 0.025) x 10"b GeV~Z

:

G* = (1.1511 ± 0.0019) x 10~5 GeV~2

ZU

zi

3b

Ar

average

3.1.3

Weak Vector Coupling Constant

The *-forbidden Ml Decay of the 2522 keV Level in

39

K

T.K. Alexander, G.C. Ball and J.S. Forster with J.R. Leslie and
H.-B. Mak (Queen's University) and J. Johannson, J.A. Kuehner and
J.C. Waddington (McMaster University)
The I -forbidden lsi/2 * Od 3/2 M 1 transitions in A=39 nuclei are of
particular interest because of their sensitivity to core polarization, meson
exchange currents and excitation of the nucleus into the A(1232) resonance.
In a previous experiment (Alexander et al., Nucl- Phys. A477 (1988) 453), we
~~""^~

39

reported a measurement of the lifetime of the first excited state of
Ca.
These data when combined with previous values for the mirror decay in
K
resulted in an isovector matrix element that differed from theoretical
predictions by a factor of 4. In an attempt to resolve this discrepancy, we
have measured the lifetime of the 2522 keV level in
K by the Doppler-shift
attenuation method at high recoil velocities. This method eliminates many
of the systematic uncertainties associated with previous low-velocity
measurements.
39

A 100-MeV
K beam from the McMaster FN tandem accelerator was used to
bombard a "*He-implanted Ta foil. Alpha particles from the '*He(39K,a) K
reaction were detected in a AE-E silicon detector telescope positioned at
0°. Coincident gamma rays were detected in a large (40%) Ge detector also
situated at 0°. The data were recorded event-by-event on magnetic tape
controlled by a VAX 750 minicomputer system.
A preliminary analysis of the lineshape for the 2522 keV gamma rays gives
T = 92 ± 15 fs. This value differs by only 9 fs from the weighted average,
T = 83 i 18 fs, of several previous low velocity measurements. As a result,
the discrepancy between theory and experiment remains unexplained.
A
re-measurement of the Gamow-Teller decay of
Ca is strongly suggested.
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3.1.4

Spectroscopy of

Ba

D. Ward, H.R. Andrews, D.C. Radford, G.C. Ball, D. Horn with
J.C. Waddington and J. Johansson (McMaster University) and P. Taras,
J. Gascon, F. Banville, S. Pilotte, S. Monaro, N. Nadon and
D. Prevost (Universite de Montreal)
Gamma rays associated with the reactions of H S on a a Zr target at 155 MeV
bombarding energy were studied with the 8H spectrometer.
The product of
interest was
Ba. Approximately 200 M Compton-suppressed HPGe coincidence
events were recorded with a trigger requiring greater than iU detectors to
fire in the BGO ball.
The target was self-supporting and Doppler
corrections were applied on-line- A 4k x 4k matrix of HPGe coincidences was
generated by playing back the data with selection on the total Y-ray energy
(H) and number of BGO detectors triggered (K) chosen to enhance the 4n
( 1Zb Ba) channel.
The processing of coincidence matrices has been described (see PR-PHS-P-3:
3.2.7; AECL-9503). We are currently engaged in building a level scheme.
The most complete previous study has been reported by Schiffer et al.
[Zeit. fur Physik A327 (1987) 251] using the reaction U b Sn( 1 J C,3n) at
61 MeV, which brings in much less angular momentum than in the present
case. With reference to their decay scheme we add nothing to bands 1 and 2,
which they suggest are Y-vibrational bands. Band 3 is a continuation of the
ground-state band, which we can extend by 3 cascade transitions (from spin
16 to 22). Band 5 is the yrast sequence, which extends to spin 38 in our
data (from spin 18). The most strongly populated side band (band 7) we
extend to spin 35 (from spin 19). Bands 9 and 10 are the two signatures of
one band with connecting mixed M1/E2 A 1=1 transitions, which we extend to
spin 19 (from spin 12).
The highest rotational frequency observed in the previous experiment was
-flu * 0.48 MeV whereas we see up to -no) = 0.76 MeV.
At these higher
frequencies, we see the following new alignment processes.
The yrast
sequence shows a second discontinuity (upbend) at 'fiw = 0.49 MeV with an
alignment gain (Ai) of about 3.5-fi, and a third upbend at-fiw = 0.55 MeV with
ii = 2tf. The most strongly populated negative-parity side band (band 7) has
no discontinuities below'tow = 0.46 MeV but gains Ai B 6-ft at that frequency
and then shows no further discontinuities to -no) = 0.74 MeV.
Band 3 is
probably the continuation of the ground band above the first discontinuity,
and it experiences a discontinuity at 'nui - 0.44 MeV with an alignment gain
of »8 'fi.
An interesting feature of nuclei in this region is their softness against
distortion in the Y-shape coordinate and the strong Y-driving force of the
valence nucleons. For example, the ^hn/2 shell is just being filled and
alignment in that shell will tend to polarize the core to a prolate shape
whereas the v h j ] ^ shell is nearly full, so that aligned neutrons tend to
polarize the core to an oblate shape.
Cranked shell-model calculations
(R.A. Wyss et al., private communication 1988) predict nearly similar
frequencies for the first ^^W/Z an<^ Vn ll/2 crossings, and presumably
the observed first crossings in band 3 and the yrast sequence can be
assigned to these effects, although which is which is not readily
determined.
In this picture, these two bands coexist with very different
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shapes. As suggested by Schiffer et al. and predicted by Wyss et al., the
two bands should merge together at a higher rotational frequency
0.48 MeV) into a single 4-quasi-particle band with a ff(huy2) ^ ( /
structure.
This we suggest is the origin of the second crossing in the
yrast sequence, which we observe at-fiw B 0.49 MeV.
The negative parity band 7 was suggested by Schiffer to have the structure
(hll/2.87/2) or n (hll/2>d5/2) at
low frequency, and
the
uhn/2
crossing is therefore blocked.
Its discontinuity at ft) = 0.46 MeV has a
similar alignment gain to that seen in the yrast sequence at nearly the same
frequency and we suggest that at /fin = 0.46 MeV the v ( h n / 2 ) decouples
giving the band a 4-quasi-particle structure similar to the yrast sequence.

71

In these Y-soft nuclei, it is not always possible to apply simple blocking
arguments.
For example, the absence of any discoicinuity
below
•tfo = 0.46 MeV in band 7 cannot be taken to imply tha: vhn/2 quasi
particles are r.ot the origin of the first discontinuity in the yrast band.
This follows because the alignment of the h^/2 proton in band 7, already
present at low frequency, could have sufficiently polarized the nuclear
shape such that the v h n / 2 crossing would be shifted to much higher
frequencies in that band, although not in the yrast sequence.
Work is progressing in analysing the decay scheme and in adapting a version
of the cranked shell-model code to our computer.
3.1.5

Lifetimes in

126

Ba by DSAM

D. Ward, H.R. Andrews, D.C Radford, G.C. Ball, D. Horn with
J.C. Waddington and J. Johansson (McMaster University) and P. Taras,
J. Gascon, F. Banville, S. Pilotte, S. Monaro, N. Nadon and
D. Prevost (Universite de Montreal)
Gamma rays associated with the reaction
Zr( S,4n)
Ba at 155 MeV were
studied with the 8n spectrometer. The target was backed with a gold layer
to stop the recoiling nuclei. Approximately 250 M Compton-suppressed HPGe
coincidence events were recorded with a trigger requiring K _> 10 events in
the BGO ball.
The data were played back with selection on H and K to enhance the 4n
channel, and sorted into seven 2k x 2k matrices (in one pass through the
tapes) of HPGe coincidences ordered so that events registered in various
combinations of the four polar rings of detectors were kept separated. This
type of analysis has been described previously (see PR-PHS-P-3: 3.2.7;
AECL-9503). The processing of these matrices is much more tedious than the
normal angle undifferentiated 4k x 4k matrices. Because of the broadened
Hneshapes, the selection of gates is made individually for each polar ring,
and the resulting projections are recombined by polar ring.
Although the DSAM analysis is incomplete, some features of interest have
emerged. The centroid shifts of the highest spin transitions in the yrast
sequence beginning with yll67 keV(28+ • 26+) through Y1461 keV(36+ + 34+),
fitted as a cascade with no side feeding, give an average Q o = 7 ± 2 eb,
which is consistent with high deformation for this mass region. The next
lowest member of the sequence y H 0 6 keV(26+ + 24 + ) is sufficiently slow that

3-b
an individual lifetime can be deduced corresponding to Q o = 2.7±1 eb.
These results fit nicely with the level spacing systematics: the moment of
inertia is very constant over the range 2b + + 36 + with 2j(*) »
96 ± 1 ^ M e V " 1 (a value of 2j( l ) = 99 'fi2MeV"i is typical for the known
highly-deformed cases scaled to mass 126) but drops sharply at spin 26 +
corresponding to the transitions Y1106 keV. Thus the experimental evidence
suggests that the yrast sequence above, and including spin 26 + , is a
highly-deformed band. The total Routhian surface calculations by Wyss et
al. (private communication, 1988) predict a highly-deformed minimum at
3 = 0.33 for frequencies -nw = 0.60 MeV and higher. This minimum coexists
v n
with the 4-quasi-particle minimum ^i^n/2^1
( l l / 2 ^ at P = 0.17,
alluded to previously (see section 3.1.4).
If our interpretation is correct, the behaviour of this highly-deformed band
differs from that of all the other known cases in the mass region (e.g.
)

)

p

the band at relatively high spin (26+) with a single de-exciting transition
along the yrast line. In the other cases, the flux passes down the band to
lower spin (below spin 14 in all the Nd cases) and de-excites by many paths.
A further interesting feature of the DSAM data is the occurrence of very
weak stopped components in the broadened lineshapes seen up to spin 31"
(possibly 33~) in the negative parity band and up to spin 34"*" in the yrast
sequence. (These weak components were not included in the centroid shifts
described above.)
Such slow feeding times are characteristic of
band-terminating states, which have been observed in the A B 156 region but
not in this region; however, their existence is predicted.
In the best
studied
case
Er, the band-terminating
state has the stretched
configuration
^ll/Z^

XV(f

7/2>^h9/2>^i13/2^U2+

and by analogy, the band-terminating state in

im

Ba should be

However, the situation for
Ba is analagous to that for
Yb, and it is
not obvious whether a clear signature would occur in view of the extra
high-j valence particles; certainly there is no clear signature in
Yb.
It could be that the existence of slow feeding is a sensitive indicator of
band termination in conditions where the terminating states themselves are
too weakly populated to be directly observed.
Further analysis is in
progress.
3.1.6

Spectroscopy of

Fr

D. Ward, H.R. Andrews, G.C Ball, D. Horn, D.C. Radford with
P. Taras, F. Banville, J. Gascon, S. Filotte and S. Monaro
(Universite de Montreal), J.C
Waddington, J. Johansson and
D. Tucker (McMaster University) and J. Crawford (McGill University)
The reaction 100 Mo( a/ Cl,4n) l33 Pr at 164 MeV was used to study high spin
J
states
of
Pr
in
the
8n
spectrometer.
Approximately
80 M
Compton-suppressed HPGe 1-1 coincidences were recorded with a trigger
requiring at least 10 BGO ball elements to fire.
The target was
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self-supporting and Doppler corrections were made on line*
A 4k x 4k
matrix was generated by sorting the tapes with conditions on H and K. to
enhance the 4n channel.
Processing of the matrix has been described
previously (see section 3.2.7).
The most recent study of
Pr has been reported by Hildingsson et al.
(Phys. Rev. C _37^ (1988) 985) with (19F,4n) and (19F,3n) reactions bringing
in appreciably less angular momentum than in the present experiment.
Labelling the bands shown in their decay scheme from left to right we add 2
further cascades above spin 45/2 in band 1, and 2 cascades in band 2 above
spin 43/2. The dashed transition at 1016 keV is incorrectly placed in
their schemeThe yrast sequence (band 3) is extended by 6 cascades to
spin 67/2 (from 43/2). In band 4 we have added 3 cascades and in band 5 a
further 2 cascades.
Band 6 is populated relatively strongly in our
reaction, and we extend the band by a further 6 cascades.
Bands 1 and 2 are the two signatures of a single band showing a strong
backbend at -fiw = 0.27 MeV. The alignment gain Ai * 9-*, small signature
splitting and crossing frequency are very similar to those observed in Ce
isotopes and as pointed out by Hildingsson et al. the crossing is
interpreted as 1Ig7/2> i i = 5/2 + [413] going to ^ 7 / 2 x 1t(hii/2)'«
This
is the AB crossing in cranked shell-model language. The yrast band does
not show this crossing, indicating that its structure already involves
quasi particle A. The upbend at *&> = 0.43 MeV is then the BC crossing
Tne B
which give the 3-quasi-particle aligned structure '"(^n/z^
•
^
/
crossing is blocked in bands 1 and 2, as expected. Above the frequencies
seen in Hildingsson's experiment we observe that there are no further
discontinuities in band 1 to a frequency-tiw - 0.55 MeV or in band 2 to-noo 0.60 MeV. The yrast sequence however shows a further small alignment gain
hi = 2 -fi at -A) - 0.52 MeV.
The three bands labelled 4, 5 and 6 have mixed E2/M1 A 1=1 transitions with
very weak crossovers, and obviously have a very different structure to the
bands discussed.
Hildingsson et al. suggest they are oblate collective
bands, having structure n h n / 2 x v ^ l i / 2 ^
where the neutrons are
rotationally aligned, driving the Y-soft core to an oblate shape, to which
the proton is strongly coupled. Band 6 was followed to -fw = 0.33 MeV in
the present experiment and shows no discontinuities.
To make further
progress in understanding the data we require cranked shell-model
calculations.
The motivation for studying
Pr was to search for highly-deformed bands,
since the even core,
Ce, is the best example of this phenomenon in the
mass A=130 region.
In the present data we find no evidence for a long
chain of transitions characteristic of highly-deformed bands; however, the
three highest transitions in the yrast sequence have a moment of inertia
j(l) approaching the highly-deformed value as we observed in
Ba (see
section 3.1.4).
In the raw Ey-Ey correlation matrix there are clearly
defined first and second ridges corresponding to AEy(I+I-2) = 75 keV or
J<2> = 53 <fi2 MeV
extending over the range 1 MeV < Ey < 1.25 MeV. The
range of these ridges is appreciably smaller than those characteristic of
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other highly-deformed cases (which typically extend from 0.8 < Ey < 1.5 or
even 2.0 MeV in the
Ce case) but the moment of inertia, j(2\
is
comparable with other cases (e.g. j( 2 ) - 58 <-n* MeV
for
Ce, and J< 2 )
* 55 * 2 MeV"1 for L3>*Nd over this spin range).
Further analysis is in progress.
i m.

3.1.7

Spectroscopy of

Nd

0. Ward, H.R. Andrews, D.C. Radford, G.C. Ball, D. Horn with
J.C Waddington and J. Johansson (McMaster University) and P. Taras,
J. Gascon, F. Banville, S. Monaro, S. Pilotte, N. Nadon and
0. Prevost (Universite de Montreal)
The reaction 106Pd(28Si,4n)13l*Nd produced high-spin states in 13**Nd for
study with the 8n spectrometer.
Bombarding energies of 135 MeV (55 M
events) 145 MeV (70 M events) and 155 MeV (35 M events) were used but we
consider here results obtained from the sum of the 135 and 145 MeV runs.
The target was self supporting and Doppler corrections were applied
on-line. Compton-suppressed HPGe spectra were sorted into a 4k x 4k matrix
with H and K gates selected to enhance the 4n channel.
Recent studies of this nucleus have been made by Paul et al. (Phys. Rev. C
3£ (1987) 2380), by Wadsworth et al. (J. Phys. £14_ (1988) 239) and by Beck
et al. (Phys. Lett. B195 (1987) 531). This latter work was concerned with
the highly-deformed band and did not report spectroscopy of the level
scheme- The work of Wadsworth et al. using TESSA3 has only about one tenth
of the statistics obtained in our work, and the derived level scheme
contains little beyond that published by Paul et al.
Referring to the level scheme of Paul et al. and reading left to right, we
extend band 1 by 3 cascades to spin 24", band 2 by 3 cascades to spin 25,
band 3 by 2 cascades to spin 22 + and band 4 by 4 cascades to spin 26 + . In
addition, we find a AI = 1 band not reported by previous workers.
The highly-deformed band in
Nd was populated very weakly in our
experiment, although we confirm its existence.
Surprisingly, we see the
known highly-deformed band in
Nd much more clearly, even though the 5n
channel contributed very few events to the matrix. We note that this band
has been observed by Wadsworth et al. (J. Phys. G (1988) in press) in the
reactions (d2S,a3n), (^S.Sn), C 8 Ti,a2pn) and (3 S,2pn) and in this latter
case it reportedly carried as much as 20% of the channel cross section.
1 3^+

Analysis of the level scheme for
3.1.8

Nd is in progress.

Decays of Neutron-Deficient Gadolinium Isotopes
E. Hagberg, V.T. Koslowsky, J.C. Hardy and H. Schmeing with
R. Turcotte, H. Dautet, S.K. Mark and N. de Takacsy (McGill
University)

The analysis of the data obtained in our experiments on the decays of
lltU ul
» Gd (see PR-PHS-P-3; 3.1.6: AECL-9503) as well as the work on
theoretical model predictions are now finished.
The Ph.D thesis of
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R. Turcotte, which was successfully
complete report of our results.

defended

this

spring, contains a

140

A draft of a short paper on the decay of
Gd has been completed. A decay
scheme of this previously unknown nucleus has been constructed.
It
comprises 22 Y~ray transitions depopulating 16 excited states in
Eu.
Probable configurations have been assigned to the ground state and low-lying
excited states.
Our results for the decay of " Gd and a low-lying isomeric state in this
nucleus show some differences from those obtained by two other groups, but
the results from these two groups are not consistent with one another
either.
We are presently trying to resolve the differences between the
three studies of the decay of
Gd before writing up our work.
14 9

3.1.9

Search for Superdeformed States in the Continuum of
Gd
S. Pilotte, P. Taras, F. Banvllle, S. Flibotte, and J. Gascon
(Universite de Montreal) and B. Haas (CRN Strasbourg) with
H.R. Andrews, D.C. Radford and D. Ward

Recently, a single discrete-line band of superdeformed (SD) states has been
observed in
Gd. Typically, the intensity of such SD bands accounts for
approximately 1/2% of the estimated total evaporation residue yield.
However, other SD bands could also occur at substantially higher energy in
the SD potential minimum.
Because of the higher level density, the
transitions in these additional SD bands would appear in the Y~ray continuum
rather than give rise to discrete Y rays. To investigate whether other SD
bands are present in
Gd, we have .analysed Ey-Ey correlation matrices
obtained from the reaction
Sn +
Si at an incident beam energy of
150 MeV. With appropriate cuts on the Y~ray sum energv and multiplicity,
the relative yields were 16%, 50% and 34% for the 6n(
Gd), 5n( 9 Gd) and
4n(
Gd) channels, respectively.
The superdeformed ridge structure was
clearly visible and we were able to estimate that the previously observed
discrete-line SD band accounts for close to 40% of all possible SD states
found in 14 9Gd under the present conditions.
1 S7

3.1.10 Rotational Bands in
Ho: Level Scheme
D.C. Radford, H.R. Andrews, G.C. Ball, D. Horn and D. Ward with
F. Banville, S. Flibotte and P. Taras (Universite de Montreal) and
J. Johansson, D. Tucker and J.C. Waddington (McMaster University)
/
Our analysis of the
Ho Y~Y coincidence data recorded using the 8n
spectrometer (see PR-PHS-P-3: 3.1.8; AECL-9503) has been completed. The
resulting level scheme is perhaps the most extensive of any nucleus, with a
total of 276 transitions, and 14 rotational sequences of 8 separate bands
assigned. The scheme is shown in Figure 3.1.10.1 and alignment plots are
shown in Figure 3.1.10.2, while the table lists crossing frequencies and
alignment gains. Quasiparticles are labelled with the notation of Riedinger
et al. (Phys. Rev. Lett. 44 (1980) 568).
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Table 3. 1.10.1
Alignments in

Band

-fiu)

(MeV)

lb7

Ho

Ai (h)

Assignment

7/2"[523] (1th11/2)

0.27
0.48

9.2
5.5

AB

7/2+[404] (^g7/2)

0.26
0.42

9.3
5.0

AB
ApBp

1/2~[541] (fh Q/0 )

"0.35

^7

AB, ApBp

5/2+[402] (1Td5/2)

»0.26

AB

Band 1

0.32

10.5

BC.AD

Band 2
(7/2~[523] AF)

0.37

«5.5

BC

Band 3
(7/2"[523] AE)

0.37

5.1

BC

The ground band (7/2~[523J) differs from that reported in a previous study
(J. Simpson et al., J. Phys. G12 (1986) L67) for spins above 71/2. The two
sidebands of Simpson et al. are extended downwards to the ground state, and
form one rotational band based on the 7/2+[4O4] state, thus confirming the
tentative assignment of Simpson et al. None of the other bands have been
previously reported in if-ray studies.
Two of them are assigned as the
5/2+[4O2J and 1/2~[541] bands, based on the ( He.d) and (a,t) studies of
J.D. Panar, 0. Straume and D.G. Burke (Can. J. Phys. j>5_ (1977) 1657).
Another three bands are also tentatively assigned. Bands 2 and 3 probably
arise from the coupling of the ground band (7/2~[523J) to two quasineutrons,
AF and AE. The reasons for these assignments are discussed below, as is the
assignment for band 1.
The first backbend in the 7/2"[523] and 7/2+[404] bands results from the
alignment of the AB (i 13/2) quasineutrons, and is also visible in the
5/2+[402] band. This crossing is at a higher frequency, and its interaction
strength is greatly increased, for the 1/2~[541] band, continuing the
systematics of this band from heavier nuclei.
Physically, the different
behaviour is observed because the 1/2~[541] orbital belongs to the next
major shell, and thus drives to larger deformations.
All other proton
orbitals in this region are relatively flat, or have positive slopes as a
function of increasing prolate deformation.
In 1 5 b Dy and1 5 b Er, the even-Z isotones of l 5 7 H o , the second backbend in the
ground band is due to the alignment of two h ] W £ quasiprotons, p p
(J.F. Sharpey-Schafer and J. Simpson, preprint). As discussed by Simpson et
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al., this crossing is blocked by the odd h^/2 proton in the
Ho ground
band, which sees the BpCp crossing instead.
The A p B p crossing is
observed, however, in the 7/2+[4O4] and 1/2~[541] bands, with a very large
interaction strength, similar to that seen in
Dy.
Band 1 begins as a continuation of the 7/2~[523] ground band, before the AB
crossing, and then experiences a strong crossing with a large gain in
alignment (Ai»i0.5). This gain is too large to result from the alignment of
a single pair of quasiparticles, and is suggested to arise from alignment of
Ic
both the BC and AD quasineutrons U13/2) •
appears that the BC
crossing, which is predicted to occur first, is able to change the nuclear
deformation to such an extent that the AD crossing then occurs at very
nearly the same critical frequency.
The corresponding baad. with similar
alignment gain, has been previously seen in both
Dy and
Er (M.A. Riley
et al., private communication).
Also observed in both
Dy and
Er are bands that have been assigned as
two-quasineutron, AE and AF bands.
In
Dy, these have bandheads with
J" - 9", E x = 2408 keV and Jw = 8~, E x = 2345 keV, respectively.
These bands would be expected to couple to the 7/2~[523] ground band in
Ho, to produce a total of four rotational sequences with even parity.
Bands 2 and 3 in Figure 3.1.10.1 are tentatively identified as these
expected bands, since they have all of the expected properties.
The
bandheads, at f
= 25/2+, E x = 2368 keV and Jn = 23/2+, Ex=2271 keV
are exactly as expected from maximal alignment of the 7/2~ ground state with
the
Dy bandheads. The presence of the A quasineutron has the effect of
blocking the first AB backbend, so that the BC quasineutron crossing is
observed instead, and the absence of the ApBp crossing indicates the
presence of the h^/2 proton.
The initial alignments of the bands are
also as expected.
One especially interesting feature of bands 2 and 3 is the occurrence of
states having the same spin and parity and very nearly the same excitation
energy, differing only by 1 to 2 keV. (It is even probable that the states
at f * 59/2+, at the termination of two of the rotational sequences, are
actually the same state, as indicated by the dashed horizontal line. The
excitation energy of these states is the same within our experimental
uncertainty of approximately ±1 keV.) These states then mix, producing the
interband transitions shown in Figure 3.1.10.1, but the very weak splitting
indicates an extremely small interaction between the two bands.
The explanation
actually differ
mixing occurs
BpAE, and should
3.1.11

for this weak interaction may be that the mixing states
by two quasiparticles, each with different signature; the
between states such as ApAE and BpAF, or ApAF and
thus be doubly hindered.

Rotational Bands in

Ho;

Transition Rates

D.C. Radford, H.R. Andrews, G.C. Ball, D. Horn and D. Ward with
F. Banville, S. Flibotte and P. Taras (Universite de Montreal) and
J. Johansson, D. Tucker and J.C. Waddington (McMaster University)
Our analysis of mixing and branching ratios in
Ho, as extracted from the
8n data on spin-orientation angular correlations and Y~Y coincidences

Figure 3.1.10.1
Proposed level scheme for ii>; Ho, determined from the 1/ '*Sn( 37 Cl,4n) reaction
at 155 and 165 MeV. Transitions with energies in parentheses are tentative.
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Figure 3.1.10.2
Experimental alignment (i) versus rotational frequency (fiu)) for bands in
Ho. The reference used has Harris parameters I(j = 32.1 h~ 1 MeV 2 ,
Ii = 3 4 . 0 h MeV .
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(PR-PHS-P-3: 3.1.8; AECL-9503) has been completed. The signature splitting
of B(M1) and B(E2) transition rates for the A 1=1 mixed M1-E2 transitions are
predicted to be sensitive to the shape of the nucleus, in particular its
triaxiality.
We extracted values of B(Ml; I+I-1)/B(E2; I+I-2) for states in six bands
(see section 3.1.10, Figure 3.1.10.1), using the relation:
n 5

B(M1; I+I-l)

0.693

y

(1+1-2)

3

E
Y

B(E2; I+I-2)

(L-*^)

\eb)

where A = Ly (I+I-2)/IY (I+I-l) is the branching ratio.
For transitions
for which the value of the mixing ratio 6 was unknown, it was taken as
-0.15(10), in accordance with the observed average values and approximate
expectations from the rotational model* Results for these ratios are shown
in Figure 3.1.11.1, and are listed in Table 3.1.11.1. Also listed in the
table are results for
B(E2; F-l-1)

Qz

K 2 0

B(E2; I* 1-2) <I K 2 0

B(E2;
B(E2; I+I-2)

2

1-2 K>
1-1

1/2

.2

°Y (1*1-2)

where

was calculated with the
X(l+62)

measured branching and mixing ratios.
Values of Qi/Q^ are also displayed in Figure 3.1.11.2, along with previous
results from G.B. Hagemann et al- (Nucl. Phys. A424 (1984) 365).
Our results for the branching ratios in the 7/2~[523] ground band, below the
first backbend, are in serious disagreement with those of Hagemann et al.
For the B(M1)/B(E2) values, we observe far less signature splitting below
the backbend than was seen in the earlier work. Also, for the Qi/Q^ values,
we observe virtually no signature splitting, and values typically less than
or close to 1.0. These results are in significantly better agreement with
theoretical expectations than those of Hagemann et al.

3.0

o a o a = -1/2 — a = »l/2
• • • a = .1/2—-a = -1/2

2.5

o a = -1/2 — a = .1/2
• a = » V 2 — a = -1/2
O * HAGEHANN et at

30
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25
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2.0
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0

S 0.5

•
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0.5

m

X°^
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H

H

h

H

7/2* [tOt] BAND
1.0

7 / 2 * [401.] BAND

0.5

0.0

}.•*
0.0

-t

i*

0.5

1

1

10.0

5/2
1.0

' ' 5/2* [d02] BAND

15/2

25/2

35/2

4S/2

55/2

I
BANO 3

0.5
BAND 2

0.0

5/2

15/2

25/2

BANO 1

35/2

t5/2

55/2

Figure 3.1.11.2
65/2

I

Figure 3.1.11.1
Experimental values of B(M1; I+I-1)/B(E2; 1+1-2)
in units of (nN/eb)^. deduced from the present
work, for bands in Ho.

Experimental values of Qi/Qz (see text)
for bands in
' H O . The c i r c l e s represent
values deduced from the branching ratios and
mixing r a t i o s of the present work, while
the diamonds indicate results of the
previous work by Hagemann et a l .

TABLE 3.1.11.1
Transition Rate Ratios in

I

E d+i-i:) Ey(1*1-2)
(keV)

A: 7/2-T523] band
11/2
104
13/2
167
15/2
148
17/2
245
19/2
179
21/2
310
23/2
203
25/2
359
27/2
224

V)ll
Z\ll
33/2
35/2
37/2
39/2
41/2
43/2
45/2
47/2
49/2
51/2
53/2
55/2
57/2
59/2
61/2
63/2
65/2

bill

389
241
362
204
237
264
274
317
321
361
370
397
419
424
470
439
533
426

A

157,
ISI
Ho

6

(keV)

188

Til
316
394
424
489
513
561
583
613
630
603
566

442
501
537
591
638
682
731
767
816
843
894
908
971
959

0.225(12)
0.418(21)
1.36(7)
0.961(49)
3.24(16)
1.41(8)
4.81(25)
2.00(12)
6.25(33)
2.15(13)
7.41(41)
1.12(8)
1.56(9)
0.649(37)
0.833(45)
40(8)
70(10)
2.10(12)
1..69(19)
3..29(30)
2.65(15)
4.7(7)
5.6(19)
8.3(15)
4.7(6)
14.(6)
4.18(44)

-0.150(47)
-0.210(16)
-0.130(23)
-0.200(16)
-0.160(23)

-0.170(31)
-0.100(39)
-0.090(31)
-0.27(30)
-0.040(25)
-0.090(16)

-0.110(23)
0.09(13)
-0.15(8)
-0.12(12)
-0.18(9)
-0.15(9)

B(M1; I+I-l)
B(E2; I>I-2)

U

Qi

eb

Q2

0.621(33)
0.504(26)
0.485(25)
0.444(23)
0.503(26)
0.450(27)
0.600(36)
0.408(24)
0.655(35)
0.465(32)
0.657(36)
0.97(16)
3..02(17)
1..31(8)
1.-42(8)
1..06(7)
0.90(6)
03(7)
.27(14)
0.86(8)
1.08(6)
0.71(10)
0.68(23)
0.44(8)
1.06(14)
0.27(12)
1.70(19)

1036

367

977

7.2(10)

2

N

1.68(24)

0.63(20)
0.72(6)
0.63(11)
0.67(6)
0.91(13)

0.60(11)
0.79(31)
0.77(26)
2.0(22)
1.0(6)
1.32(24)

1.35(29)
0.9(13)
1.7(9)
1.1(11)
1.2(6)
1.7(11)

(continued)

I

E (1*1-2)
(keV)

X

6

(keV)

B(M1; I+I-l)

M

B(E2; 1*1-2)

eb

N

02

B: 7/2+[404] band
11/2
13/2
15/2
17/2
19/2
21/2
23/2
25/2
27/2
29/2
31/2
33/2
35/2
37/2
39/2
41/2
43/2
45/2
47/2
49/2
51/2
53/2
55/2

180
202
222
238
258
265
283
284
294
2S6
256
246
237
263
276
293
306
335
340
365
370
391
398

341
382
424
460
495
523
549
567
578
580
542
502
483
500
539
569
599
641
675
704
734
761
789

1.74(12)
5.29(43)
4.50(35)
6.2(24)
8.8(8)
7.5(12)
8.3(10)
6.7(22)
10.4(17)
6.9(7)
4.12(47)
3.3(10)
2.56(29)
2.27(28)
5.2(6)
5.8(7)
5.6(10)
7.5(10)
6.7(11)
9.0(17)
8.9(16)

-0. 14(6)
-0. 22(8)

-0. 15(9)

-0. 090(20)

-0. 19(25)

0.310(23)
0.127(11)
0.189(15)
0.17(6)
0.135(13)
0.183(30)
0.178(22)
0.26(9)
0.182(30)
0.274(28)
0.353(42)
0.40(12)
0.46(5)
0.65(8)
0.352(45)
0.336(44)
0.44(8)
0.32(5)
0.43(7)
0.32(6)
0.37(7)

0.28(12)

0.57(21)

0.53(32)

0.71(16)

1.2(16)

(continued)
2

I

Ef (1*1-1)

yI*I-2)

(keV)

(keV)

A

6

B(M1; 1*1-1)

M

B(E2; 1*1-2)

eb

N

Ql

B: 7/2+[404] band
11/2
13/2
15/2

nil
19/2
21/2
23/2
25/2
27/2
29/2
31/2
33/2
35/2
37/2
39/2
41/2
43/2
45/2
47/2
49/2
51/2
53/2
55/2

180
202
222
238
258
265
283
284
294
286
256
246
237
263
276
293
306
335
340
365
370
391
398

341
382
424
460
495
523
549
567
578
580
542
502
483
500
539
569
599
641
675
704
734
761
789

1.74(12)
5.29(43)
4.50(35)
6.2(24)
8.8(8)
7.5(12)
8.3(10)
6.7(22)
10.4(17)
6.9(7)
4.12(47)
3.3(10)
2.56(29)
2.27(28)
5.2(6)
5.8(7)
5.6(10)
7.5(10)
6.7(11)
9.0(17)
8.9(16)

-0.14(6)

-0.22(8)

-0.15(9)

-0.090(20)

-0.19(25)

0.310(23)
0.127(11)
0.189(15)
0.17(6)
0.135(13)
0.183(30)
0.178(22)
0.26(9)
0.182(30)
0.274(28)
0.353(42)
0.40(12)
0.46(5)
0.65(8)
0.352(45)
0.336(44)
0.44(8)
0.32(5)
0.43(7)
0.32(6)
0.37(7)

0.28(12)

0.57(21)

0.53(32)
00

0.71(16)

1.2(16)
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3.1.12 Decays of

ibk

Ta

and

lfal4

Hf

E. Hagberg, V.T. Koslowsky, H. Schmeing and J.C. Hardy with X.J. Sun
(Institute of Modern Physics, Lanzhou, The People's Republic of
China)
The analysis of data obtained during an
investigating the decays of lfa > b 3 Ta (see
is nearing completion.
All but four
experiments could be assigned to previously
now tentatively assigned four "Y rays to the

experiment, primarily aimed at
PR-PhS-P-4; 3.1.9: AECL-9680),
major y-rays observed in our
well studied nudities. We have
decay of
Ta and
Hf.

The decay of
Ta is known to produce Y rays with energies of 376.4 keV and
210.8 keV originating from a 4+ + 2+ + 0+ cascade in lfa;<Hf.
We have
assigned two other y rays, 605-3 keV and 816.2 keV, to the decay of
Ta.
Their apparent half-life agrees with that of
Ta and their intensity
ratios with respect to the 210.8 keV y ray are independent of bombarding
energy or collection times used. Furthermore, the energy difference of the
two y rays is 210.9 keV, in excellent agreement with the 210.8 keV energy of
the first excited state in
''Hf. We therefore propose that a 1 + excited
state at 816.2 keV excitation energy in
Hf is the origin of the 605.3 keV
and 816.2 keV y rays.
Two y rays with energies of 122.6 keV and 153.6 keV are known to originate
from the decay of
Hf. We tentatively assign two other t rays, 314.2 keV
and 419.6 keV, to the decay of
Hf. Their apparent half-lives agree with
that of
Hf and their intensity ratios with respect to the 122.6 keV and
153.6 keV y rays are independent of bombarding energy or collection time
used.
Work is now progressing on the determination
lbl lfa2L1, 15b lby.
15bv,
, lbb T
»
Hf,
>
Lu,
Yb and
Tm.

of u

branching

ratios

for

3.1.13 Liquid/Solid Interface Studies with Thin Si Films
J.S. Forster, D. Phillips, T.K. Alexander with J. Gulens (General
Chemistry Branch), K.L. Tapping (System Chemistry and Corrosion
Branch) J.R. Leslie (Queen's University) and J-A. JJavies (McMaster
University)
In earlier work (see PR-PHS-P-4: 3.1.13; AECL-9680), we reported radiation
enhanced diffusion of Cs, Ba and Tl into thin Si films, from 0.1 M nitrate
solutions behind the films.
Our most recent experiments were made to
determine if the diffusion is dependent only on radiation or if other
factors, such as the large pressure drop across the Si, contribute to the
diffusion.
In the first experiment, we filled the cell with 0.1 M CsNO^ solution (at
atmospheric pressure) and left it, with the chamber pumped out to
"10" Torr, for 12 hours. The cell was then flushed several times with
and a proton backscattering measurement made with a beam of 1.4 MeV
protons. The spectrum showed that Cs had diffused through the film to the
vacuum surface, as seen earlier.
Two more films were used, with 0.J M solutions of CsWj
and BaNOj,
respectively, in the cell for 10 minutes followed by flushing with H 2 0, and
similar results observed. All three films were "0.6 \im thickness, as used
in the earlier experiments (see PR-PHS-P-3: 3.1.13; AECL-9503).
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Finally, a B 1 . 0 Mm film was used and the cell again filled with a 0.1 M
CSNO3 solution.
After 10 minutes, the celi was flushed with H^O and a
measurement made with ri^O in the cell.
In this case, no evidence for Cs
diffusion was found.
Further, a measure-rn-Mit with U.I M CsNOj in the cell
indicated no diffusion through the 1.0pm film.
In particular, the data
could be reproduced by the Cornell backscattering simulation program (L.R.
Doolittle, Nucl. Instr. and Meth. in Phys. Res. B9 (1985) 344), by
normalizing to the Si peak and assuming a U.I "i CsNU^ solution.
Similar
results were obtained for 0.1 M solutions of BaNOv and TINO3 in the cell
with this same window.
It would appear that the results obtained earlier with the thinner Si films
are related to the pressure drop across tiu- film. This rnay arise because of
diffusion through microfractures which, although small enough not to
disturb seriously the vacuum in the scattering chamber, allow the solution
to go through the film.
A final series of measurements were made with the l.U un film and a 0.01 li
CSNO3 solution in the cell and with different voltages applied across the
cell. The Si film was oiased negatively with respect to the Ft electrode at
tiie back of the cell with 2, 5 and 10 volts and buildup of Cs in the region
of the 6i film observed. It may now be possible to observe directly various
electrochemical effects, such as specific adsorption at the electrodesolution interface, with ion backscatterin^ tecimiques.
3.1.14 Hydrogen Ingress Studies in Zr
J.S. Forster, D. Phillips, T.K. Alexander with J. Gulens (General
Chemistry Branch), K.L. Tapping (System Chemistry and Corrosion
Branch) J.R.
Leslie
and
T. Lounsen
(Queen's
University) and
J.A. Davies (McMaster University)
The work on hydrogen ingress in Zr reported earlier (see P K - P H S - P - 4 : 3.1.13;
AECL-9680) with thin foils, "1.5 Mm, has continued.
The cell used in the
studies was. filled with D20 and bombarded with 2.0 HeV 5tie ions.
Protons
from the D( He,p) 4 He reaction were observed at 170° to the beam in a 1.5 mm
thick silicon surface barrier detector. The cell was then flushed with
filled with H2O, arid another measurement madeTo remove the native oxide film on the Zr foil, a 0.1% solution of NH^HF^ in
D^0 was put into the cell for 5 minutes. This solution was then pujnped out,
the cell filled with D2O and another measurement made with the He beamComparison
of the proton spectra before and after etching indicated that
deuterium had penetrated the Zr foil to a depth of "0.5 um.
The cell was flushed with
clearly the deuterium in
water (which is depleted
isotopes of oxygen) which
foil.

H^O. A measurement of the proton spectrum showed
the foil.
Another measurement was made with H^0
in heavy isotopes of hydrogen as well as heavy
showed even more clearly the deuterium in the Zr

A final measurement was made after translating the foil 0.5 mm (the beam
spot is <0.5 mm diameter) where again it was found that deuterium had been
taken up by the foil; however, the concentration was lower, indicating
possible radiation-enhanced effects.
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Measurements were made on a second Zr foil, which gave similar results.
Detailed analysis of the data is in progress.
3.2

INSTRUMENTATION AND FACILITY DEVELOPMENT

3.2.1

ISOL:

Operation and Development

H. Schmeing, V.T. Koslowsky, E. Hagberg, J.C. Hardy, W.L. Perry,
X.J. Sun (Institute of Modern Physics, The People's Republic of
China) and M.J. Watson
The shutdown for the installation of the TASCC Phase IIA beam distribution
system excluded any on-line separator work during the report period.
Consequently, this time was used for an extensive overhaul and for
development work. The separator is scheduled to resume off-line and on-line
work early in July.
Overhaul tasks included:
regeneration of all pumps, readjustment of
marginal valves, relocation of ion source power supplies, improvements to
make these power supplies serviceable in situ (on extender rails),
reinstallation and servicing of beam scanners, thorough cleaning of ceramic
insulators and changing all plastic hoses. Two more major tasks were the
remachining and
installation of components which eliminate pumping
restrictions between the helium-jet skimmer ion source and its Roots pump
(we opened the line from 4" to 6"), and the installation of a dust separator
in the Roots pump foreline.
Four major development and construction projects were undertaken:
1. A new target location, compatible with both the FEB1AD and helium-jet
ion-sources, was built to accept the accelerator beam.
2.

The helium-jet source was re-designed to accommodate additional
cooling.
In particular, the springs clamping hot source components
together will now be cooled, thereby improving ion-source reliability.

3.

The mounting for the side jet of the helium-jet source has been
redesigned so that it is remotely adjustable. When installed, the
nozzle will be guided via a precision miniature slide assembly. The
sidejet will retard the flow of helium into the source when the main
helium-jet is operating at flow rates up to ten times higher than is
possible at present.

4.

A pump stand and an extended cage have been designed, and are largely
machined, that allow us to operate the Roots blowers at the same
potential as the ion source (up to 70 kV). At present, the Roots
blowers are located at ground potential.
The new arrangement
eliminates the spark arrester, a grid system in the pumping line
designed to prevent glow-discharge between source and pumps, and thus
increase the pumping speed.
In addition, and more important, it
allows us to operate the source at a helium flow rate much higher than
what the spark arrester was designed to accept.
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3.2.2

Direct Mass Measurements with the ISOL
E. Hagberg, H. Schmeing, V.T. Koslowsky and J.C. Hardy with K. Roiha
and M. Thompson (Mathematical and Computation Branch) and K.S. Sharma
and G. Dyck (University of Manitoba)

The first direct mass-measurement
test experiment, done with the
data-acquisition/lSOL control software, was successful (see PR-PHS-P-4:
3.1.4; AECL-9680).
However, it became apparent during this test that,
although the software was perfectly adequate for measurements of short-lived
activities, it had some drawbacks when used for mass measurements of
long-lived nuclei. A separate version of the software intended for such
measurements has therefore been created. In this version, Y-ray spectra are
accumulated from a sample, simultaneously with the preparation of the next
sample.
Furthermore, the sweep of the ISOL accelerating voltage is no
longer done in a continuous ascending order but a scan begins by the
establishment of the voltage corresponding to the maximum intensity of one
mass peak. The following voltage point corresponds to the maximum of the
other mass peak. The next two voltage values are slightly lower than the
ones corresponding
to the maximum intensities of the two peaks,
respectively, and thus correspond to the points immediately to the left of
the maximum ones for the two mass peaks. The subsequent two voltage values
are slightly higher than the maximum transmission ones, and thus correspond
to the points immediately to the right of the peaks for the two masses. The
scanning is then repeated in this same order, peak 1 left side, peak 2 left
side, peak 1 right side, peak 2 right side, until the tails of the peaks and
a bit of background has been covered.
This procedure is intended to
minimize the effects of possible changes in the ISOL operating parameters
during the course of an experimental scan. Although the software changes
were conceptually simple, their installation required substantial changes in
n.ny subroutines. These changes have all been made and the de-bugging of
the new system is well under way.
Substantial improvements to the analysis programs have also been made. The
magnetic tape playback routine now automatically searches through and
analyzes selected runs of a tape* It will accept data from either of our
two acquisition software systems.
Numerous consistency checks and data
verification procedures are performed for each data point read from tape.
Automatic corrections for the effects of slow variations in the accelerator
or ISOL beam current can be invoked by the user.
The centroid evaluation program now automatically analyzes the entire
content of the .SPK file created by the playback program. The six different
types of spectra contained in the file are located, identified and subjected
to the appropriate analysis treatment. The final mass difference results
are tabulated, averages and uncertainties are established and all relevant
information is printed.
3.2.3

Status of the BIT Spectrometer
D. Ward, H.R. Andrews, D.C. Radford, J.D. Lori, L.V. Smith with
J. Johansson (McMaster) and S. Pilotte (U. de Montreal)

The 8rr spectrometer was completely disassembled in the period 1987 December
10-23 and the components removed from the interim location to facilitate
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phase II construction beginning 1988 January. As of the report date (1988
June 27) the instrument is reassembled at Its permanent location with the
exception of the LN2 filling system and HPGe detectors.
The complete
installation should be ready to perform an experiment with beam by late
July.
3.2.4

A New Plunger Target Chamber for the 8n Spectrometer
D.C. Radford, N. Bray and F.J. Sharp

A high-precision, low-mass plunger chamber has been designed and constructed
for measurement of "Recoil-Distance" lifetimes using the 8n spectrometer.
It fits into the 8n through the hole left by removal of the pentagonal BGO
detector at 180° to the beam, as does the present general-purpose chamber.
Target and stopper foils are each supported on three thin invar rods. The
target (or stopper) may be moved with the aid of three computer-controlled
actuators from Newport Corporation, consisting of DC servo motors with
integral position encoders. They have a total travel of one inch, and a
position resolution of 0.1 Mm. The use of three actuators enables control
of both the alignment and position of the target foil.
A CAMAC module to control the motors has been designed and built, and is
currently being tested. It provides for reading of the actuator positions,
specifying the "destinations" and "speeds" for the motors, and stopping the
motors automatically when they reach their destinations.
Software to
control and align the plunger is currently being written and tested.
3.2.5

A Multidetector Array for Reaction Studies; MARS
D. Horn, G.C. Ball, W.G. Davies, E. Hagberg, C. Pruneau and
M.G. Steer with G.A. Sims, H. Spenceley and J.G.V. Taylor (NSSP
Branch), L. Potvin, C. Rioux» R. Roy and C. St-Pierre (Laval
University), T.E. Drake and A. Galindo-Uribarri (University of
Toronto) and J. Barrette (McGill University)

The AECL version of the MARS proposal (see PR-PHS-P-4: 3.2.5; AECL-9680) was
completed (AECL-9684).
However, NSERC did not fund the project in FY
88/89.
All technical reports - from the NSERC site visit committee, and
from outside referees commissioned by AECL and NSERC - have been quite
positive. The technical suggestions from the review groups have been very
helpful and are being addressed with a view toward possible resubmission of
the proposal in September.
The collaboration between AECL and the
Universities of Laval, Toronto and McGill is continuing development work.
Fundamental detector studies will proceed through the summer and fall, as
will a project to construct a small array compatible with the inner portion
of M R S (see section 3.2.6). The latter will combine several goals, namely
development and demonstration of MARS technology, investment in something
which may eventually form a part of the larger facility, and construction of
a small device for experiments at TASCC and other laboratories.
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3.2.6

Reactions Facility for Near-Term TASCC Beams
D. Horn, G.C. Ball, W.G. Davies, E. Hagberg, C. Pruneau and
M.G. Steer with G.A. Sims, H. Spenceley and J.G.V. Taylor (NSSP
Branch), L. Potvin, C. Rioux, R. Roy and C. St-Pierre (Laval
University) and T.E. Drake and A. Galindo-Uribarri (University of
Toronto)

In the absence of funding for MARS this year, a short-term solution was
sought which would enable reaction studies to proceed in the near term.
A number of improvements are being made to the existing 1.75 m scattering
chamber, which has been installed and aligned at the T3 location in Room
111.
The exit port of the chamber has been enlarged to a diameter of
60 cm. This will allow more flexibility in light collection from the rear
detectors of the Toronto-CRNL reaction-cross-sections experiment and will
accommodate a cylindrical extension, 75 cm in diameter, which can hold a
small forward array or provide up to a 1.75 m flight path in the forward
direction from the target.
The extension is under construction in the
shops. The new CTI Cryotorr-8 pumps purchased last year have been mounted
on the chamber, and commissioning is in progress.
Utilization of lower-energy beams from TASCC will require detectors with
lower AE thresholds than the existing forward array. The small array to be
developed by the collaboration will be based on two concentric rings of 16
detectors each, which can be moved into a variety of configurations and used
with up to 16 additional phoswiches to cover a variety of angular ranges.
Most of the electronics needed for 48 detectors are already in hand.
Detector development relevant both to this array and to the MARS proposal
has been continuing during this reporting period. Optical tests of plastic
scintillator have been performed at Universite Laval, optimization of light
guides and reflective surfaces have been studied in bench tests and computer
simulations at CRNL (see section 3.2.7), and a heat-press technique for
bonding AE layers to the slow plastic E detector without glue has been
developed (see section 3.2.8). A prototype of the larger detectors required
for the small array has been constructed by the heat-press technique and
bench tested. Mass production of phoswiches for the array is now awaiting
beam tests of the prototype to determine whether the 0.7 mm AE layer, giving
an
identification
threshold
for
protons
and
alpha
particles
of
7.5 MeV/nucleon, provides adequate separation for hydrogen isotopes.
3.2.7

Further Development of Phoswich Detectors
C. Pruneau, D. Horn with R. Schooley (Deep River Science Academy),
H. Spencely (Neut. & Sol. State Phys. Branch) and S. Gilbert,
J. Menard, L. Pouliot and C. St-Pierre (Universite Laval)

The phoswich detector development for the MARS project and for the
construction of a smaller array has continued over the past months. We
report on some aspects of the work done to understand and to optimize the
response of the detectors.
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Computer Simulation
A computer code has been developed to study light-guide performance in terms
of the absolute magnitude of the light collection and the uniformity of
collection as a function of the geometry and the optical properties of the
materials composing the detector. Although accurate predictions of absolute
light output are hard to achieve, since they require the precise knowledge
of parameters such as reflection coefficients of surfaces and attenuation
lengths of the scintillator and light guide, simulations are still useful in
that they can be used to estimate the effect of a particular change in the
geometry or the material properties.
However, the final word should of
course always come from thorough tests of the prototype modules.
Light Attenuation Length in Scintillator BC444
The transmission of BC444 plastic scintillator has been measured in order to
evaluate the potential absorption by the slow scintillator of the light
emitted by the fast scintillator, which could result in a limited charge (Z)
resolution for the phoswich detector. BC444 exhibits a flat transmission
for light wavelengths above 440 nm. The transmission, measured with a piece
of BC444 3" thick, drops from 90% above 440 nm and 80% around 425 nm to 20%
and less, below 415 nm wave lengths. A UV source was used to illuminate
BC400, BC408s and BC444 thin scintillators.
Their emission spectra,
measured with a monochromator, peak at 416±2, 422±2 and 412±2 nm,
respectively. These three scintillators illuminated with UV light were then
used as light sources to measure the effective transmission of BC444 for
their respective emission spectra. These measurements were complicated by
surface effects and in-medium scattering, and were thus limited in
accuracy. The attenuation lengths measured are respectively 4±1, 3±1 and
2±1 meters for BC408s, BC400 and BC444.
These values seem rather large in view of the limited transmission (15-30%
for BC444, 3" thick) measured for wave lengths around 410-420 nm. However,
this can be explained by the long tail of the emission at long wavelengths
for which the transmission in BC444 is almost complete. The attenuation
lengths thus obtained can be used as input parameters for the simulation
code mentioned earlier. They also indicate that the size of the phoswich
does not (within practical limits) have to be limited because of in-medium
light absorption.
However, the use of BC408s instead of BC400 is recommended since the
effective attenuation length for BC408s light in BC444 is longer than that
for BC400 light. Although it was not explicitly measured, the effective
light output of BC408s should be greater than the BC400 light output because
its emission peaks at longer wavelengths than BC400.
Design and Tests of a Phoswich Prototype
A prototype phoswich of trapezoidal shape, designed to be part of the
proposed mini array (see seption 3.2.6), has been built and tested with
5.46 MeV alphas from an
Am source.
The phoswich was tested in
conjunction with a short light-guide tapering to a 2" phototube.
The
detector was wrapped in Tyrek paper (manufactured by Dupont), which was
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found to be a very efficient and convenient reflector. The absolute light
collection was estimated to be 26%, and differences in light collection from
various locations of the entrance surface of the detector were found to be
less than ±3%, in general. However, a limited portion of the front surface,
believed to have been slightly overheated in the heat press process (see
section 3.2.8), exhibited significantly less light output (12%), indicating
that overheating of the scintillator materials may result in the
deterioration of scintillator properties. It is felt that a workable design
has been achieved although in-beam tests are still needed to ascertain
whether the thickness chosen for the AE (0.7 mm) permits a good
hydrogen-isotope separation, and to verify light collection uniformity over
the whole volume.
3.2.8

Heat Press Technique for Phoswich Lamination
D. Horn, P. Dmytrenko, T. Curtis, C
Pruneau and M.G. Steer
with R. Schooley (Deep River Science Academy) and H. Spenceley (NSSP
Branch)

The thin AE layers needed to give a low threshold for ion identification in
phoswich telescopes pose a number of technical problems relevant to the
detectors planned for MARS (see section 3.2.5).
These include:
AE
thickness uniformity, amplitude and uniformity of AE light output, and the
thickness and uniformity of the "dead" or non-scintillating glue layer
between the E and AE scintillators. One way to eliminate the last of these
problems is to use a heat press lamination technique (see for example Liden
et al., NIM A253 (1987) 305). Unfortunately, too much heat in the process
may exacerbate the first two problems by deforming the AE layer or altering
its scintillation properties. We have developed a technique that produces a
satisfactory bond between the two scintillators with insignificant damage to
the AE layer.
The process is operated in vacuum to avoid air being trapped on either side
of the AE layer, which produces bubbles in the scintillator. Early trials
in a vacuum oven showed that since the scintillator had to be heated to the
onset of plasticity, the entire E slab could deform under pressure. The
setup was therefore changed to apply heat directly to the area to be
laminated. A thick, recessed copper block with a thermocouple readout was
used to equalize the temperature over a 12 x 12 cm surface; a 6 mm glass
plate provided a smooth surface for the front face of the machined AE
plastic scintillator. A load of 230 g/cm was used to provide the pressure
and the assembly was left at 120°C (in the copper block) for two hours, and
at a reduced temperature (<a75°C) overnight. The laminated plastic was then
removed and machined.
In each of the two cases tested, the standard
deviation in thickness of the AE layer was 6% along the perimeter of the
detector; one would then expect the variation averaged over the front
surface of the detector to be less. The RMS deviation in light output from
bench tests with alpha particles stopping in the AE layer appears to be less
than ±3% with the largest deviation (12% degradation) coming from one
particular corner.
This observed light output is, of course, a combined
effect of the scintillation constant and the light collection efficiency; it
was noted, however, that the offending corner was apparently the one which
had received the most compression. Such areas could be avoided in future
production by thickness inspection after lamination.
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3.2.9

Total Reaction Cross Sections
A. Galindo-Uribarri, T.E. Drake and G. Zwartz (University of Toronto)
with G.C. Ball, W.G. Davies, J.S. Forster, E. riagberg, D. Horn,
D. Phillips and C. Pruneau

During the shutdown period, the light guides for the nine-detector plastic
scintillator array were redesigned.
Better uniformity of response was
achieved. Three different types of light guides were made: tapered, conical
and twisted strips. Their response was studied by mounting the light guide
plus scintillator on an X-Y table in a light-tight box, and using an
external proton beam from the tandem. The position of the beam spot on the
face of the scintillator was varied in 0.1" steps. The experimental setup
was mounted on the bypass beam line.
Two large Nal(TA) detectors (crystal size 5" diameter by 6" long) are being
incorporated into the total reaction cross section apparatus. They will be
mounted on either side of the target, and will be used to detect the gamma
rays associated with reactions in the target. They are being encased in
cylindrical vessels with a thin-wall stainless steel 'top hat' at the front.
Further tests on the light response of the thin plastic-scintillator flux
monitor were made with radioactive sources. We were able to detect, for
example, fast electrons depositing only 17 keV of energy in the detector.
With an electron source and the use of opaque masks, we were able to study
the relative light contribution directly from the thin scintillator and
indirectly from the support ring, confirming the important role the ring
plays in overall light collection.
Samples of plastic scintillators of
different thicknesses and decay times have been mounted. A paper is being
prepared for publication.
Using an optical model code, we made calculations of the elastic-scattering
angular distributions for different heavy-ion systems to assess the
corrections needed for the attenuation measurement and to determine the
accuracy required for the measurement of angular distributions.
This
measurement will be done with a setup that is being designed to mount
silicon detectors in the extension of the scattering chamber.
We are studying the possibility of measuring reaction cross sections for
secondary radioactive beams. Low-flux secondary radioactive beams are ideal
since the experiment has to be done event by event.
We plan to make a
feasibility run with the cyclotron to determine the yields and particle
identification capabilities.
3.2.10 Progress in Accelerator Mass Spectroscopy
ri.R. Andrews, G.C. Ball, W.G. Davies and V.T. Koslowsky with
B.F. Greiner, Y. Imahori and H. Lindqvist (TASCC Operations Branch),
R.M. Brown, R.J.J. Cornett and G.M. Milton (Environmental Research
Branch), J.C.D. Milton (Physics and Health Sciences) and K.W. Allen
(Oxford University)
The AMS group has been augmented by the addition of two new members from the
Environmental Research Branch. Group members from this branch are exploring
options for new research programs with the AMS facility when it becomes
operational this fall.
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Overall progress has been slow because of the pressure of Phase II and
cyclotron-related work, but some advances have been made. A design has been
completed and hardware obtained for the Unis source cone-drive mechanism.
Extensive discussions have been held on methods of field control for the
injection magnets, and high quality Hall-probe systems have been purchased.
A conceptual design has been prepared for the experimer.tal/acceleratorcontrol system and design work for a Bragg-Curve detector for
Cl is
underway.
3.2.11 Data Acquisition
G.C. Ball, E. Hagberg, J.S. Forster, U.C. Kadford, F.J. Sharp and
L.B. Bucholtz with R. Roiha and M. Thompson (Mathematics and
Computation Branch)
During the six-month shutdown of TASCC for the installation of the Phase IIA
hardware,
approximately
30%
of
the
available
time
on
the
acquisition/analysis-computer system was devoted to system development and
routine maintenance.
The serial highway was extended to include a new CAMAC crate and bypass
controller located in the electronics racks at the south end of the
experimental control room. This crate will be used to interface hardware
associated with the second (red) on-line acquisition station.
Other hardware/software upgrades implemented during this time were: 1) the
installation of a CAMAC interface for the Tektronix 4696 Color Ink Jet
plotter, 2) the design, fabrication and installation of two large (128 k)
CAMAC memory modules and associated auxiliary
display controllers,
3) modifications to the LeCroy 4805 CAMAC Booster to correct a long standing
problem in the CAB B interface board, 4) the fabrication and testing of an
improved (error free at 400 KB/s transfer rate) CAB FIFO module,
5) modifications to the software for the Tektronix 4207 terminal to provide
high-resolution pixel-mode display of 2-D spectra, and 6) interfacing the
U. of Manitoba IBM PC to an RS-232 port on the 3230 and installing software
required for large file transfers.
A new version of the operating system, OS 8.1.3, was installed and tested.
This upgrade was required for our new 850 MB disk drive.
Considerable
difficulties were encountered in interfacing this CDC drive with a
Concurrent HPDI disk controller. However, the drive is now operational and
the software modifications required to incorporate it into the system are
being implemented.
3.2.12 Future Data Acquisition/Analysis Computing Facility
G.C. Ball, E. Hagberg, J.S. Forster, D.C. Radford, F.J. Sharp with
R. Roiha (Mathematics and Computation Branch) and J.C. Waddington
(McHaster University)
In 1985 January when the TASCC Phase II RFA was submitted, It was
recognized that when the TASCC facility became fully operational the
existing experimental data-acquisition computing facility would have to
be expanded to meet the needs for on-line acquisition, off-line analysis
and hardware/software
development.
In 1986 December, a committee

3-29

consisting of representatives from the Nuclear Physics and Mathematics
and Computations Branches as well as our University users was formed to
evaluate the future (i.e. next five years) Data Acquisition/analysis
Computing ^eeds (DACN) for TASCC.
The recommendations of the DACN
committee contained in TASCC-1-15-O1 resulted from consultations with all
experimental and hardware/software development groups. In addition, the
computing facilities at seven other heavy-ion physics laboratories were
investigated.
The DACN committee found that the present experimental data-acquisition
computing facility is already greatly overloaded.
A second computer
system with on-line capabilities is urgently required for: 1) setting up
of experiments prior to running, 2) hardware/software development,
3) hardware/software maintenance, 4) data acquisition for off-line
experiments and calibration with, for example, the 8n spectrometer or
ISOL and 5) a back-up system for on-line experiments. In addition, the
capabilities for off-line analysis must be enhancedThe two major
off-line tasks are playback of event-by-event data and interactive
graphics analysis.
A computer with approximately three times the CPU power of the present
Perkin Elmer
(now renamed
Concurrent) 3230, large real memory
(«16 MBytes) and high I/O throughput ("'twice the 3230), would satisfy
TASCC requirements for the next five years.
In addition, the new
computer system should be easily expandable to meet future requirements.
Compatibility with the present data-acquisition system is highly
desirable to minimize the need for duplication of the specialized
hardware/software.
The options that would satisfy these requirements were evaluated and a
draft version of an RFA for the TASCC Phase II Experimental Computing
Facility was prepared for submission in early 1988. However, it was
decided to defer submission of this RFA because the funds available for
new capital projects in 88/89 were already insufficient to meet the needs
of already approved RFAs in the Physics and Health Sciences PRC. The
committee feels very strongly that the computer RFA should be given the
highest TASCC priority for funding in 89/90.
3.2.13 TASCC Electronics Development
J.P.D. O'Dacre and B.V. Luloff with D. Gray, S.G. whittle and
G. Backmeier (TASCC Operations Branch)
The Phase II section of the Radiation Alarm System (see PR-PHS-P-4: 1.2.1
AECL-9680) has been commissioned and is in full service.
The Tandem Accelerator diagnostic system, described in (see PR-PHS-P-4:
3.2.12; AECL-9680) has been completed and is installed.
The recent
modifications permitting 15 MV operation, however, have created a
requirement for better hardening of the input protective circuitry that
has yet to be satisfied.
Work is on-going in this area. Additional
circuitry, intended to provide real-time measurement of chain slippage,
is under development and will be included in the installation.
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All signal leads entering and leaving the accelerator have now been enclosed
in heavy copper boxes with EMI filters in addition to ths earlier transient
suppression.
A new 300 kV power supply built by Glassraan has been tested to full voltage
on the ion-injector cage. Modifications, suggested by the manufacturer,
were found to be necessary after the high stored energy (more than 100
Joules) damaged the supply on arc-over.
A new column/charging-current
meter panel with extended
range and
differential inputs was installed to overcome problems associated with
the higher terminal voltages.
A system for monitoring ion-injector phase voltages/currents and ambient
temperature via the CAMAC highway was installed.
3.2.14 Target Laboratory
D. Phillips, P. Dmytrenko and H.R. Andrews
The target laboratory has continued to be actively involved in producing
targets for the Nuclear Physics Branch and for world-wide commercial
sales.
Carbon stripper foils were produced
superconducting cyclotron.

for

the tandem accelerator

and the

The following projects were completed for the Nuclear Physics Branch and
other branches at CRNL:
-

Cd targets were prepared on a collaborative basis for an experiment at
the Institute of Modern Physics, Lanzhou, China.

- Thin windows of zirconium, nickel and single-crystal silicon were produced
for liquid/solid interface studies.
- A scintillator bonding technique has been developed for the MARS detector.
- The vacuum target-storage chamber has been recommissioned.
- Preliminary investigations into producing thin uniform targets by
electroplating have been carried out. This work has so far focussed on
copper, iron and cadmium.
- Zirconium oxide targets were produced for the Physical Chemistry Branch.
- Boron alloy discs were coated with chromium and copper for the Neutron and
Solid State Physics Branch.
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3.3

PHASE II

3.3.1

TASCC Phase II
ii. Schmeing
Branch)

and J.C. Hardy

with

K. Wittann

(Project

Management

Phase II of the TASCC facility, aimed at providing the beam distribution
system for tne superconducting cyclotron, has reached a major milestone, the
end of the shutdown period for the installation of subphase A. The shutdown
was scheduled for the period 1988 January 04 to June 30. No experimental
work, was possible during that time, while the installation received highest
priority. The shutdown followed very closely the schedule which had been
worked out more than a year ago. On occasion it involved up to 50 trades
people, technicians, and professionals working simultaneously in the same
geographical areaCarried by an extraordinary team spirit, high morale,
and true dedication, this team reached its goal with two days to spare.
Acceptance tests performed June 28 demonstrated that experimental work is
possible again at the laboratory's three main installations, the 8w
spectrometer, the particle facility, and the on-line isotope separator.
These tests required all subsystems to function. Beam transmission exceeded
the specified 85% for all three locations.
Only minor problems were
encountered during these tests.
These will be addressed before final
commissioning tests commence by mid-July. Nuclear Physics experiments are
scheduled to resume in early July.
The project continues to run below
budget by exactly the amount of the originally allotted contingencies.
3.3.2

Beam Transport System Magnets and Power Supplies
W.G. Davies, K.L. Brown, R.E. Howard and L.V. Smith with D. Gray
(TASCC Operations Branch)

All Phase II dipoles, quadrupoles, steerers and their power supplies
have been delivered and mounted. After some adjustment of each probe, good
NMR signals (which automatically lock) were obtained for all subphase A
dipoles (BE2, BE2A, BE3 and BE4) over their operating range- All subphase A
components are calibrated, commissioned and operational.
On June 28, an 80 MeV Cl beam was transmitted to target locations T4, T3 and
T2 during one 6-hour period, beginning with T4.
No adjustments were
required for any element (including steerers) at T4 to achieve 90% beam
transmission. A very small amount of vertical steering was required at T3
and T2 to achieve 90% transmission and, in addition, the dipoles BE2 and
BE2A required minor adjustment at T2 (these dipoles do not have field
clamps). All dipoles were set at their nominal design strengths, with no
compensation for known small variations in effective length.
This
performance attests to the precision of the calibration procedures (see
section 3.3.5) and to the alignment accuracy achieved by the survey team.
Although no detailed beam-emittance measurements were made, the beam passed
through all apertures systems (at waist locations) with both vertical and
horizontal jaws set at -2.5 mm.
This demonstrates acceptable optical
quality for many experiments. More detailed measurements of the optical
properties of the beam line will be made in the near future.
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3.3.3

Shielding Walls and Doors
E. Hagberg

A major fraction of the work needed to complete the TASCC II shielding
requirement was finished in the time period covered by this report. The
beam-line penetrations into rooms 113A, 1J. 1 and 1G4B were drilled out or
altered, the edges were finished, beam line support plates installed and,
finally, the affected areas were painted.
Poured concrete walls were
installed in rooms 111, 105 and 108. Blocked concrete walls were erected in
rooms 109, 111 and between rooms 108/122 and 105/108. All walls have been
painted.
The floor slab at the south-east edge of room 105 was securely
attached to the adjacent wall with 24 steel rods.
The room-108 movable shielding door was poured and painted and its epoxy
runway was also installed.
The design of the door operating-systems,
including seismic interlocks, backup air, backup power and crash-bars, have
been completed. The backup air system is installed and parts of the seismic
and safety interlocks have also been installed- The only remaining TASCC II
shielding work is the commissioning of the movable doors.
3•3.4

TASCC Phase II Safety and Licensing
D.C. Radford and G.C. Ball with M.J. Shea (Civ. Elec. & lnstr. Design
Branch),
R.
Roiha
(Mathematics
and
Computation
Branch) and
S,G. Whittle and G. Backmeier (TASCC Operations Branch)

The extension of the Phase I Radiation Monitoring and Safety Interlock
Systems to cover Phase II requirements is now complete, with the exception
of interlocks on Subphase-B Faraday cups, which are not yet in place, and
the updated Facility Layout Displays, which are being designed.
All
barriers, door interlocks, radiation monitors, alarms, meter panels and SIS
Input/Output hardware have been installed and tested. A personal computer
has been installed in the SIS, and the program for phase II has been written
to run on this computer, rather than in the main Burr Brown station.
Although the amount of hardware needing to be polled by the new program is
significantly more than for the old program, this has lead to a decrease in
the time taken by the program to check the status of all required hardware.
The Final Safety Analysis Report, covering the whole of the TASCC facility,
was prepared and submitted to the CRNL Accelerator Safety Committee in
February.
With a few minor suggested changes, it was very positively
received, and permission to operate the full facility was granted.
3.3.5

A Precision Rotating-Coil Magnetic Field Mapping Device for TASCC
Quadrupole Calibration
W.G. Davies, R.E. Howard and N.C. Bray

The magnetic-field-mapping machine (see PR-PHS-P-3: 3.3.7 and 3.1.15;
AECL-9503 and PR-PHS-P-4: 3.3.5; AECL-9680) was completed in early January
and was used to map all 60 Phase II quadrupole lenses. At present, the data
have been completely analysed for 39 elements, and the results are better
than anticipated. A large number of mechanical measurements were made on
the coil bobbin and its bearing system in order to obtain the mechanical
parameters and their errors needed for the analysis of the data. A thorough
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analysis of the consequences of a large number of mechanical and electronic
errors has been made. In particular, the following sources of error have
been studied, and have either been found to be negligible or have been
included and/or corrected:
1.

Error in the magnet excitation current (included but small).

2.

Error in the calibration of the voltage-to-frequency converter, V/f
(included).

3.

Error due to nonlinearities in the V/f (negligible).

4.

Error due to the zero off-set of the V/f (negligible).

5.

Error in the tangential angle of the coil (included).

6.

Error in the total angle of integration (included).

7.

Error in the angle of integration - i.e. bin width (included).

8.

Error due to eccentricity or non-uniformity of the angle-measuring
shaft encoder.
(A small non-uniformity does exist but would only
produce a small dipole-like component, and this has not been
included.)

9.

Error in the mean radius of the coil (included - this is the dominant
error).

10.

Error due to the finite
properly included).

11.

Error from possible bowing of the coil (exists, corrected and errors
included).

12.

Error from eccentricity in the coil bobbin and/or in the mounting
(corrected and errors included).

13.

Statistical errors in the measurements of the integrated voltage from
the V/f (included - determined from an analysis of 10 measurements at
each excitation current).

14.

Errors from radial and axial vibrational modes excited by bearing
noise, etc
(Such noise sources can have a big effect on the weak
higher harmonics but unless very large do not affect the quadrupole
term.
The magnitude of these errors was continuously monitored.
Runs where "forbidden" harmonics were significant were repeated. No
correction has been included. The effect on the quadrupole term is
at most 0.05%, determined from comparing "bad" cases with good repeat
runs.
The effect on the higher harmonics is greater and this is
still being studied. Nevertheless, since the relative harmonics are
calculated as a weighted average of the 100 measurements for each
element, the error should be a reasonable indicator of a "noisy" set
of measurements.)

size of the coil

(corrected, and errors
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In all cases, the error in the absolute quadrupole strength as a function of
current is dominated by the errors in the knowledge of the coil dimensions
and is 0.08%. The statistical errors, as in 13 above, are typically 0.01%.
The correction for the finite size of the coil is -0.03% and the correction
for the bowing of the coil bobbin is +0.016% for the short quadrupoles and
is +0.05% for the long elements, with relative errors of about 10% in each
case, which makes the errors on the corrections very small.
The excitation current for each quadrupole was fitted as a function of the
integrated focusing power for 10 currents spanning the range from Imax to
I max /20.
In order to maximize accuracy, the excitation curves were fitted
by odd-order Ghebechev polynominals plus a constant term to account for the
remnant field. The Chebechev coefficients were then transformed by an exact
transformation to a power series in the focusing power of the elements. The
weighted fits were always good with a normalized chi-square varying between
0.3 and 2.5, but with the majority lying between 0.8 and 1.0. The percent
deviation between the fitted function and the data points averaged about
0.05% in most cases obtained for all elements in a given group.
For each of the four different types of quadrupole elements the calibration
coefficients were very similar. For example, the averages of the constant
and linear terms are given in the table for the 4 different types of
quadrupoles, along with the relative standard deviation of the distribution.
Table 3.3.5.1
Constant and Linear Terms of the Calibration Function
of the Phase IIA Quadrupoles

Type

Ao

Relative
Standard
Deviation

-0.4447
-0.4050
-0.4093
-0.3977

LI
L2
L7
L8

2.5%
14.0%
3.4%
1.6%

Ai

15.279
8.4015
6.1675
11.211

Relative
Standard
L)eviation

# of
elements

0.122%
0.015%
0.048%
0.179%

24

4
3
6

The Ay term is proportional to the average coercive force of the iron in the
element.
The relative harmonics of each element were computed up to n=14 for each
current along with the error as well as a global weighted average for each
element. The relative amplitudes of the harmonics are then given by:

K

n 'K2

=

V2/(W'

where Q n is the measured Fourier Analysed strength in Volt-seconds,
A

= (c/a)nsin(nii/2)sin(n6/2),
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c is the mean radius of the rotating coil, a the aperture radius of the
quadrupole, U the tangential angle of the coil, and 6 the integration angle
(i.e. the bin width).
The coefficient KJJ is the integrated harmonic strength
GO

K

= /

k

(z)dz

in the scalar magnetic potential expansion
.

\

<t> = I e
n

in6

v

i

/v

). k n m ( z )

m=0

(see PR-PHS-P-3: 3.1.15; AECL-9503 for further details).
The harmonic amplitudes are very small with the n=6 and n=10 amplitudes less
than 0.5% and the n=14 one less than 1.5%. Although the 1.5% amplitude
appears to be large, the error in the magnetic field is only 1% at 80% of
full aperture and rapidly becomes negligible at small radii.
3.3.6

The Diagnostic
Channel

Probe for the Superconducting Cyclotron Extraction

N. iJray, W.G. Davies, R.E. Howard and B.V. Luloff with D.R. Proulx
and J.A. Hulbert (Accelerator Physics Branch)
The diagnostic probe, developed for use in the extraction channel of the
cyclotron, is now ready for installation.
The probe and its drive mechanism have been thoroughly tested in the mock-up
of the extraction channel (see PR-PHS-P-4: 3.3.6; AECL-9680).
The probe is capable of repeatedly negotiating the varying geometry of the
extraction system beam tube. The probe enters the cyclotron vacuum envelope
through a port provided on the '5-port box', turns 20° to line up with the
exit beam tube, and travels back down the extraction channel to its
beginning at the outer wall of the cyclotron's mid-plane vacuum chamber, a
total distance of about 2.5 m.
Beam diagnostic information from the probe head will be received during the
probe's travel through the curved extraction channels 1 and 2, where the
probe head is centred by leaf springs. These captive springs also serve to
assist the probe head past obstructions in the entrance to the channel and
to transfer heat from the titanium head to the copper walls of the channel.
The present probe head gives x-axis position information from its two
insulated nose segments.
A four-segment head, to give x and y beam
position, is planned. A special plastic head is to be used for the initial
insertion into the cyclotron.
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The electronics for the probe drive system are complete, and
modifications to the cyclotron probe-control software are about
complete.

the
95%

The installation of this device is scheduled for the next mid-plane
opening. At that time, a borescope will be inserted into the extraction
channel to enable the progress of the probe to be monitored.
3.4

PUBLICATIONS AND LECTURES

a)

Publications

MASS MEASUREMENTS OF THE NUCLIDES IN THE l b Z . l b 3 T a ALPHA DECAY CHAINS
E. Hagberg, X.J. Sun, V.T. Koslowsky, H. Schmeing and J.C. Hardy
Conference Proceedings of 5th International Conference on Nuclei far from
Stability held September 14-19, 1987
AIP Conference Proceedings 164 New York (1988) 41.
DECAYS OF NEUTRON DEFICIENT GADOLINIUM ISOTOPES
R. Turcotte, H. Dautet, S.K. Mark and N. de Takacsy, McGill University,
E. Hagberg, V.T. Koslowsky, J.C. Hardy, H. Schmeing, and X.J. Sun
Nuclei far from Stability, 5th International Conference, ed. I.S. Towner
AIP Conference Proceedings JJ>4 New York (1988) 473.
SUPERDEFORMED BAND UP TO Ia127/2 IN
*Gd
H.R. Andrews, G.C. Ball, V. Horn, D.C. Radford, I). Ward et al.,
Physical Review Letters 60_ (1988) 503.
THE A-FORBIDDEN MAGNETIC DIPOLE TRANSITION IN A=39
T.K.. Alexander, G.C. Ball, J.S. Forster, l.S. Towner, J.R.
H.-B. Mak
Nuclear Physics A477 (1988) 453.

Leslie and

PROPOSAL FOR A NATIONAL FACILITY - MARS A MULTIDETECTOR ARRAY FOR REACTION
STUDIES
G.C. Ball, W.G. Davies, J.S. Forster, E. Hagberg, D. Horn, M.A. Lone, C.
Pruneau, L. Potvin, C. Rioux, R. Roy, C. St. Pierre, T. Drake, and A.
Galindo-Uribarri
AiSCL-9684
1988 February
ROTATIONAL BANDS in 1 5 7 Ho
D.C. Radford, H.R. Andrews, D. Horn, D. Ward, F. Banville, S. Flibotte,
P. Taras, J. Johansson, D. Tucker and J.C. Waddington
Proceedings of the Conference on High-Spin Nuclear Structure and Novel
Nuclear Shapes, Argonne, Illinois, 1988 April 13-15.
A SEARCH FOR DISCRETE LINE SUPERDEFORMED BANDS IN 1Zb^a AND m P t
J.C. Waddington, J.K. Johansson, D. Rajnauth, D. Tucker, H.R. Andrews,
G.C. Ball, 0. Horn, D.C. Radford, D. Ward, M.P. Carpenter, V.P. Janzen,
L.L. Riedinger, F. Banville, J. Gascon, S. Monaro, N. Nadon, S. Pilotte,
D. Prevost, P. Taras and D. Thibault
Proceedings of the Conference on High-Spin Nuclear Structure and Novel
Nuclear Shapes, Argonne, Illinois, 1988 April 13-15.
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SHAPE VARIATION OF 1 7 4 W BELOW THE i.13/2 NEUTRON BACKBEND
J. Gascon, P. Taras, P. Van Esbroek, H.R. Andrews, D.C. Radford, D. Ward and
A. Christie
Nuclear Physics A472 (1987) 558
EVIDENCE FOR SUPERDEFORhATION IN
M.W. Driggert, R.V.F. Janssens,
u.C. Radford, et al.

R.

Rolzmann,

K.K. Chasman,

I.

Ahmad,

Physics Letters, 2Ol_ B2 (1968) 223
b)

Lectures

REVIEW Of FIFTH INTERNATIONAL CONFtREiMCt ON NUCLEI FAR FROM STABILITY
V.T. Koslowsky
Tnird Chemical Congress of North America, Toronto, June 1988.

NUCLEAR ENERGY - FHGTS AND FALLACIES
H.R. Andrews
Lecture presented at Albert College, Belleville, Ontario, 1988 February 2.
ENERGY OPTIONS: PREPARING FOR AN UNCERTAIN FUTURE
ri.R. Andrews (with M. Harvey)
A Brief submitted to the Energy Options Study on behalf of SAPE (The Society
of AECL Professional Employees).
ENERGY IN PERSPECTIVE
tt.R. Andrews
Talk given at 10 New Brunswick High Schools, 1988 May 9-13.
SEARCH FOR POSITRON-ELECTRON ANNIHILATION RESONANCES IN THE MeV REGION
T.K. Alexander, H.C. Evans, J.R. Leslie, H.-B. Mak, W.M. McLatchie,
P. Skensved and A.T. Stewart
Poster at the CAP-APS Congress, U. de Montreal, 1988 June 20-22.
SEARCH FOR POSITRON-ELECTRON RESONANCES RELATED TO THE ANOMALOUS POSITRON
PEAKS IN HEAVY-ION COLLISIONS
T.K. Alexander
Colloquium given at McMaster University, 1988 March 16.
FIRST RESULTS FROM THE Sir SPECTROMETER
D. Ward
Seminar at University of Torouto, 1987 December.
THE CANADIAN 8ir SPECTROMETER
D. Ward
Eastern Regional Conference on Nuclear Physics
Invited talk at McGill University, 1988 February 19.
THE 8TT SPECTROMETER: THE FIRST YEAR
D. Ward
Invited talk at CAP/APS Meeting, Montreal, 1988 June 20.
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MULTIPOLE SPECTROSCOPY IN i b 7 Ho
D.C. Radford
Invited Calk at "Workshop on
Copenhagen, 19btf May 16-20.

Nuclear

Structure", Neils

Bohr

Institute,

HIGH-SPIN STUDIES USING THE 8ir SPECTROMETER
D.C. Radford
Seminar presented at SUNY Stony Brooic, 1988 March 22.
BACK.SCATTERING STUDIES OF LIQUID/SOLID INTERFACES
J.S. Forster, D. Phillips, J. Gulens, R.L. Tapping, T.K. Alexander,
J.R. Leslie and J.A. Davies
International Conference on Applications of Nuclear Techniques, Heraklion,
Crete, 1988 June 26 - July 2.
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(Report edited by L. Bender)
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4.1

NEGATIVE ION INJECTOR
Y. Imahori

4.1.1

Operation

During TASCC
carried out.
a)

Phase II

shutdown, upgrading

of the negative ion injector was

Electrical upgrading

In order to reduce electromagnetic interference (EMI) on CAMAC control
circuits, a noise suppression circuit was built between the HICONEX 860 ion
source and its power supplies.
In addition, a careful re-routing of the
ground wires to the devices on both the main and extraction decks was
undertaken. Some improvements have been observed but reduction of EMI has
not been completed.
During the period, the Glassman 300 kVDC and 15 kVDC power supplies were
tested. Maximum voltage achieved so far was 300 kV and its drift was as low
as 9 PPM without load.
The 15 kV power supply replaced the Wallis 30 kV
cathode power supply. The supply has operated satisfactorily since mid April
without any single failure.
b)

Mechanical upgrading

Thin VAT gate valves (each 5.7 cm thick) were installed between the ion
source and the pump manifold. One gate valve is mounted on the ion source
itself and the other is at the intake side of the pump manifold. A small
volume between the two valves (~200cc) is back-filled with gas to separate
the two sections. This arrangement allows removal or installation of the ion
source without backfilling the entire injector vacuum system.
Consequently,
the ion source change-over time can be shortened considerably.
c)

Beam development

A Silver 107 beam was developed for the cyclotron. A mixture of TiO and Ag
powder, which is packed in a copper cone, produces higher output than pure
silver powder.
Development of a silver beam with a longer-life cone is
continuing.
A high intensity Chlorine-35 beam is being developed for a commercial
application.
CuCl, AgCl and other mixtures produced up to 15 uA of beam but
the cones burnt out within a few hours.
The cone lifetime was improved by
introducing Freon 11 (CCI3F) to the surface of a titanium cone through a
capillary tube, which produced a steady high intensity beam (> 25 pA) for
over 30 hours.
4.1.2

Ion Production

During the period the
HICONEX 860 source:

beams shown

in table

4.2.1.1 were produced with the
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4.2

TANDEM ACCELERATOR
L.B. Bender

4.2.1

Operation

The tandem accelerator was shut down at the beginning of the period for
scheduled upgrading to 15 megavolts operation.
This work was carried out
concurrently with the TASCC Phase II construction. Tandem upgrading was
completed by 1988 May 01 and was available to provide beams for cyclotron
tests and beam commissioning as required.
Accelerated beams are listed in
Table 4.2.1.1.

Table 4.2.1.1
Ions Produced and Accelerated During the Report Period
Ion

Negative Ion Current
from Ion Source (uA)

Beam Energy from
Tandem (MeV)

Protons (H)
*Carbon (I2C)
Oxygen (160)
^Silicon ( 28 Si)
Chlorine(35Cl)
Calcium(40Ca)

10
50
5
5
25
0.6

39 to 143
52

Silver ( 107 Ag)

3

15 to 142

*

15 to 24
50 to 85

Beam development purposes only

4.2.2 Generator
During the shutdown for upgrading a number ,of modifications to the tandem
generator were implemented.
These included new high-gradient extended
accelerator tubes and associated dead-section hardware supplied by High
Voltage Engineering Corporation, and special tube resistors supplied by
Viverad Corporation. Necessary adapters and modified manifolds were made in
the CRNL machine shop.
In order to install the new accelerator tubes, the
Tandem tank end-plate and injection beam line had to be removed. Following
completion of the work and establishment of tube vacuum, the only leak was
found to be a faulty seal on the stripper gas line.
All eight accelerator
tubes were conditioned to the guaranteed maximum voltage of 4.5 meg? olts or
better. The complete structure was then conditioned to 15.2 megavoj ;s. Beam
commissioning tests were carried out with protons, oxygen and silver beams.
Tests revealed that the transmission of the new tubes was at least as good as
that achieved with the old tubes. The tandem was finally commissioned at 15
megavolts with a silver beam operating for approximately five hours.
Following completion of beam transmission tests, the tandem was used for
cyclotron tests and beam development proposes for the remainder of the
period, although operation was restricted so as not to interfere with the
Phase II construction schedule.
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A.2.3

Sulphur Hexafloride (SF6) Insulating Gas

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

4.3

during the period.

CYCLOTRON
Helena Lindqvist

4.3.1

Operation

After the half-year Phase II shutdown, the cyclotron was
develop a beam of
Ag at 13 MeV/u.
The beam
distinguishable turns to extraction radius.
Some
centering and the isochronous field must be done
attempted.

4.4

run for 26 hours to
was accelerated with
improvements in the
before extraction is

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

4.4.1

Operation

The power amplifier was operated for a total of 250 hours for a series of TTmode experiments as well as for the acceleration of a 13 MeV/u silver beam.
Frequencies used during this time period were 32.1 MHz and 50 MHz in both
zero and ii-mode and 48.6 MHz zero-mode for the silver run.
The four ir-mode tests, scheduled at intervals throughout the six-month
shutdown period, were used to investigate the cause of cryostat wall heating
and to evaluate proposed solutions. At this time, the problem of excessive
heating of the cryostat wall has been overcome but new instrumentation
installed during the shutdown has revealed excessive RF heating in one of the
hill lenses as well as in the electrostatic deflector septum rail.
System failures during the last six months have been limited to mechanical
faults in the driver stage of the power amplifier and in the drive to the
cyclotron's RF coupling capacitor, and an electrical failure in the highvoltage power supply.
System upgrades include the installation of newly designed balance-capacitor
motor drives, protection circuitry in the high-voltage power supply against
loss of one electrical phase and a number of improvements to the buncher
phase-control system.
Upgrades for the high-energy buncher involving a
complete redesign of its control panel were put on hold because of lack of
time and manpower.
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A.4.2

Power Amplifiers

As noted above, there was cne failure in the driver amplifier and another
unrelated failure in the high-voltage power supply.
Otherwise, the
amplifiers operated reliably as required throughout the four n-mode tests.
Following the last n-morie test, the driver output loading cavity was found to
be immovqable because of damage in some- of its sliding finger contacts.
Difficulties encountered during reassembly resulted in the IIV spider assembly
and the vacuum tube being dislocated, which extended our downtime from two to
four days duration.
Later, after continuous operation for 3 hours at 48.6
MHz for the silver run, an electrical short-circuit occurred between two high
voltage leads in the high-voltage power supply.
Evidence showed ~ 8cm
tracking to have caused the short, destroying five components. The resulting
22 hours of downtime severely curtailed the time allotted for Ag beam set-up.

4. 4 . 3

Bunchers and. Phase Control

The new slatted grid in the ]ow-energy buncher was removed for inspection.
Evidence of beam wear was seen but tends to confirm that a lifetime of about
6-months can be expected for this design under normal operation.
A report has been issued (by Accelerator Physics Branch) describing the
performance of and improvements to the phase control system.

4.5

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

4.5.1

Operation

The system operated continuously through the Phase II shutdown in support of
cyclotron RF system tests (See section 4 . 4 ) .
Beginning June 2 0 , the
liquefier was warmed to allow replacement of leaky cryogenic valve seats, for
which it was necessary to allow the cryostat to boil dry. During this
shutdown, piping modifications were made to the cryostat relief system and a
water flow monitoring bypass was installed on the screw compressor.
An order for a second screw compressor was placed, but was then put on hold
because of financial constraints.
New cryopump controller/timers were installed, which now permit alternate
cycling of the two cryopumps to help avoid RF system vacuum trips encountered
previously.
A total of 263 cylinders of helium gas was added to the system, compared to
233 cylinders the previous six months. About 60 cylinders were used during
the June liquefier shutdown to warm and purge the machine rapidly so that the
cryostat did not warm excessively.
Liquid nitrogen deliveries totalling 315,000 L to 22 June were made to the
large storage tank, compared to 340,000 L the previous six months. As usual,
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consumption from this tank is estimated from the invoiced total for both
building tanks. ISOL was shut down during this period, so this consumption
is a better indication of cryogenic system usage than previous periods.

A.5.2

Cryostat

The cryostat level dropped once to about 400 L during the scheduled 10,000 h
liquefier maintenance in February, and was allowed to empty once in June.
This latter occasion was necessary to reduce the flow of cold boiloff gas
returning through the liquefier during its warmup to replace leaky valve
seats.
The cryostat took 28 h to empty, and a further 45 h to warm to 51 K,
a warming rate of 1.0 K/h as monitored on the tower 3 gas thermometer.
Later, 35 h were required for it to be cooled and refilled after transfer
from the dewar was restarted.
The leaky relief solenoid-valve was replaced and relocated, and a large backpressure regulator installed in parallel for redundancy.
Both are set to
relieve at 50 kPa.

4.5.3

Helium Liquefier

A Fcheduled 10,000 h maintenance was performed in February and a 2500 h
maintenance performed in May.
In addition, the cold box and both engines
were warmed to room temperature in June for replacement of six leaky
cryogenic valve seats. Two engine supply valves and four dual filter valves
were the culprits. This warmup was made as quickly as possible to minimize
warming of the cryostat and was accomplished by purging cylinders of helium
gas through heat exchangers and engines.
Unscheduled shutdowns occurred: January, to replace engine #5 jackshaft;
February, to replace engine #5 connecting rod; March to replace engine #7
main bearings/shaft; and March to replace engine #5 crank-piece.
Engine //5 has operated a total of 26,365 h, and engine #7, a total of
26,804 h.

4.5.4

Helium Compressors

The screw compressor ran trouble-free as usual, almost continuously for
4373 h (out of a possible 4392), for a lifetime total of 27,881 h.
Based on
the experience of similar compressors at other institutions, the likelihood
of major repairs increases at 35,000 h. As mentioned in the last report, the
liquefier cannot produce liquid helium at a rate matching cryostat boiloff
and cryopump usage without this compressor operating.
Because of this fact, an order for a second identical screw compressor was
placed in January with the supplier of all our compressors. This is intended
as a spare, but would also allow servicing/maintenance on the original
compressor without
compromising liquid
helium production.
Alternate
op ration would also permit controlled ageing of both compressors. Because
of financial constraints, this order was placed on hold in May. The
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compressor body is currently stored in Westborough, Massachusetts pending
availability of funds to complete the assembly. If necessary, the body could
be shipped as is to replace the existing compressor body if it fails.
The screw compressor was shut down once for a. scheduled oil-change in
January, and once briefly during the liquefier warmup to install a bypass
cooling-water line. This will allow monitoring of flow and pressure and will
alarm in the event of decreased flow.
Reciprocating compressor #3 was
repaired in April to replace a suspected leaky fi^st-stage reed valve, and
compressor iih was removed from service in June when its motor winding
grounded•

4.5.5

Piping and Instrumentation

The 2500 L capacity gasholder was disconnected from the system. A 2-inch
diameter back-pressure regulator was re-installed for precise and rapid
relief of cryostat over-pressures.
This regulator was relocated in Rm 206,
further from the cryostat, to allow the longer copper line to warm cryostat
boiloff gas and thus help prevent freezing of its seals when relieving. In
parallel with, and close to this, a pressure-actuated solenoid-valve was
installed for relief redundancy. It is powered closed by emergency power and
set to relieve at 50 kPa, as is the regulator.
A 2-inch port mass flowmeter was installed to monitor gas losses through the
above reliefs though, because of
its necessarily large size, it is not
effective at responding to slow leaks.
The filling line on the 6000 gallon liquid nitrogen tank was extended about
20 m to allow safer deliveries by tanker trucks to be made.

4.5.6

Computer Interface

The status indicators from the cryostat vacuum system and the cyclotron
midplane vacuum system were commissioned and are available via the control
room annunciator panel.
Work on interfacing vacuum and cryopump status
indicators to t\v mimic diagram KRYMON await the completion of Phase II
computer updates.

4.6

BEAM TRANSPORT SYSTEM
L.B. Bender

4.6.1

Magnets

The Phase I beam-transport system was used only intermittently during the
period as required for beam commissioning and cyclotron tests.
There were
no malfunctions.
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4.6.2

Vacuum System

Except for intermittent minor problems with section valve controllers, the
vacuum system operated normally, maintaining vacuum on the Phase 1 beamtransport system throughout the shutdown.
4.6.3

Beam Diagnostic Devices

These devices operated normally, but were out of service for periods of time
while the multiplexor was upgraded to include Phase II devices.

4.7

COMPUTER CONTROL SYSTEM
B.F. Greiner with W.F. Slater with R.B. Walker and T.G.
Physics Branch)

4.7.1

Whan (Nuclear

Operation

Computer control communications were shut down, along with the rest of TASCC,
during the first two months of the year for installation of additional
hardware (see Section 4.7.3).
Computer control was available on a case-by-case basis for tandem tests after
installation of the new tubes, for ion-source beam-development and for a
small experiment up until the time in May when TASCC II commissioning became
time-critical and "normal" control system use became impossible during
regular working hours.
Availability of the control system was excellent
within the constraints described.
4.7.2

Software

During January
and February,
software developed
with the heavy-ion
accelerator group at Hahn-Meitner Institute for Nuclear Research in West
Berlin was installed on tho control computer and minor revisions were carried
out.
The data-base entries for existing TASCC devices were successfully
transferred to the system. Except for four days in June when a cyclotron run
required use of the software that had been in use up until 1988 January 04,
the new software has been running during the entire period.
Reliability has
been somewhat worse than with the old software, but recovery from hang-ups is
easier and the outlook is very good.
This software installation provides
much improved response-time to operator requests at the control desk, and the
Operators have already learned to utilize this improvement to the fullest.
This changeover is the end result of a concentrated and organized effort,
which began about one year ago.
Following the software installation, data-base entries for beam-line devices
of TASCC Phase II were begun.
Thorough check-out of all devices from the
control desk was begun during May and, by the end of the period, only the
magnet switch-gear for TASCC II remained to be commissioned. The number of
entries in the system-variable data-base increased by 760 to 2590 as a result
of TASCC II.
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4.7.3

Hardware

The. computer control aspect of TASCC II consisted of the installation of six
new CAMAC crates and some 100 new modules, plus the installation of one
bypass/loop collapse unit for each of the 29 CAMAC crates in the control
system. Thorough debugging of the new electronics took longer than expected,
but the schedule for TASCC II was not affected. The full capability of the
new units has not been installed or tested because of a lack of cables. Once
the installation is complete, automatic reconfiguration of the CAMAC system
will be possible to bypass trouble-spots and allow much greater flexibility
for repairs while most of the operation continues normally.

4.8

BEAM DYNAMICS
Helena Lindqvist

4.8.1

Calculations

The field error as a function of radius was calculated from the turn pattern
for *^'Ag 13 MeV/u; new main-coil currents and trim-rod settings were then
calculated from these field errors.
An estimate of the error in turn
separation due to decentering was done and turned out to be £ 15% which makes
the above calculations reasonably accurate.
A small fringe-field st-idy was done to establish the optimum radius at which
to fit the isochronous field.
A study was also completed to show that a
perfectly isochronous field is not necessary for good extraction as long as
the phase slip can be compensated with the injection phase.
Values of v r have been calculated for various beams with an equilibrium orbit
entering the deflector. They are surprisingly low (0.22 - 0.55).
The position of the vz=0.5 resonance at extraction has been calculated for
Br 20 MeV/u. An increase in vertical displacement due to trim rod 13 or
the main coil could possibly be increased by the above resonance. Other
resonances within trim rod 13 range are \>7=1 and V r =2V z . The effects of a 4°
displacement of hill lens 2 in order to reduce the heating in IT-mode were
also calculated. No negative effects on the beam were predicted.
Various methods to calculate field errors as a function of radius without
phase probes have been worked out theoretically. Two use turn patterns only.
One uses the Smith-Garren method, changing the frequency (or field), and one
currently called the "boundary method" which uses a frequency change (or
field change) combined with an injection phase change. The last two methods
are complicated by the shroud at the stripper foil. From the above field
errors, new main-coil currents and trim-rod settings can be determined. None
of the methods have been carried out fully.
Calculations are partially completed for ^ A g , 4.4 and 10 MeV/u, and
79Br, 10 and 13 MeV/u.
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4.8.2

Program Development

New acceleration options have been added to program GOBLIN, such as a more
realistic Dee-voltage vs radius (calculated with program RESHF) and more
realistic gap width (calculated with program GUN); programs like FOIL,
IONSCAN, PROBMAT and Q78FIT have been improved.
4.8.3

Dee Structure Calculations and their Implications on High Energy Beams
Helena Lindqvist with Claude Beith (GANIL) and Walter
Physics Branch)

Davis, (Nuclear

During the first development of 79 Br 20MeV/u in 1986 it was clear that the
energy gain on the first turn was not as high as expected.
More accurate
calculations had to be performed in order to establish what redesign, if any,
was required for the beam to clear the shroud on the foil holder for all
beams.
Three effects are involved in calculating the maximum energy gain:
1.

The Dee-voltage variation with radius and frequency because of
the particular design of the RF structure.
Calculations were
done with program RESHF.

2.

Reduction in Dee-voltage at inner radii because of RF field
penetration into the narrow Dees. Calculations were done program
GUN.

3.

The transit time effect t r .
It can be shown that:
sin(Z2*h/r)
(Z2*h/r)

where
h = harmonic number
r = radius
Z 2 = 1/2 equivalent gap width between Dees and hills; the
equivalent gap width (usually called effective gap width)
was calculated with help of program GUN.
The above results were incorporated in the beam dynamic code GOBLIN and a
preliminary comparison between actual turn pattern and turn separation
predicted by GOBLIN has been made for three different frequencies. There is
still a discrepancy between experimental and calculated results with a clear
frequency dependence.
Taking the above discrepancy into account and assuming a Dee-voltage of
lOOkV, most 2 mm-wide beams will clear the shroud up to 30 MeV/u and most
lmm-wide beams will clear the shroud for the full range of beams. The
typical width of an injected beam is ~lmm, which is increased by stripping.
As lOOkV might be hard to achieve for the highest frequencies in ir-mode, a
redesign might be necessary. A modification of the inner parts of the Dees
turned out not to be beneficial as the transit time factor for h=2 beams is
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already very close to 1 (~0.97) and the maximum improvement in the Deevoltage reduction due to RF field penetration is only 5-6%. Our effort will
be focused on trying to narrow the shroud width.
If a decrease from the
present 2mm to lmm is possible, the necessary turn separation to clear the
shroud would be decreased by 25-30%.

4.9

BUILDING SERVICES
P.I. Hurley

4.9.1

De-ionized Water System

All components of the Phase II deionized water system have been completed.
The system is operating normally in summer mode.
Construction qualitycontrol maintained the water resistivity above operational specifications.
The motorized valves for the cyclotron mid-plane cooling-water supply and
return have been connected into a manual control circuit.
h.9.2

Electrical

The electrical system operated normally during the period.
A.9.3

Safety

The oxygen monitors located throughout the facility were checked on a routine
basis. One monitor was serviced and returned to normal operation.

A.10

REPORTS AND LECTURES

a)

Reports

Trim Rod Mechanical Zero's
R.E. Milks,
SCC Note #3, Series 2
RF Pi-mode Operation,
E.P. Stock,
SCC Note 10, Series 2
RF Pi-mode Operation,
E.P. Stock,
SCC Note if 11, Series 2
RF Pi-mode Operation,
E.P. Stock and J.E. McGregor (Accelerator Physics Branch),
SCC Note // 13, Series 2
RF Pi-mode operation
E.P. Stock,
SCC Note // 14, Series 2
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2f AND 4f OPERATION OF HIGH ENERGY BUNCHER
E.P. Stock and E.H. Lindqvist with G.R. Mitchell and J.E. McGregor
(Accelerator Physics Branch)
SCC Note 12, Series 2
TASCC CRYOGENIC SYSTEM PRESENT STATUS
L.W. Thomson
SCC Note #15, Series 2

5.

CYCLOTRON GROUP (ACCELERATOR PHYSICS BRANCH)
(Report edited by J.A. Hulbert)

5-1

5.1

CYCLOTRON OPERATION
Accelerator Physics, TASCC Operations, and Nuclear Physics personnel
(reported by J.A. Hulbert)

During the TASCC Phase II installation, cyclotron development and system
operation have continued whenever possible*
Solutions to the problem of
7r-mode heating are being developed through rf power tests on modifications to
the cyclotron cavity, and through probe measurements in a low power half scale
model of the rf cavity.
The power tests have resulted in a significant
improvement in the ft-mode operating field and temperature measurements of
critical cavity regions, hitherto unmonitored, suggest that minor changes will
result in full power operation.
Similar progress has been made with o-mode heating problems in the deflector.
Cooled shield plates, which have been added inside the dee that houses the
deflector, are a major positive step and the complete solution appears to
require only the addition of some thermal connections at critical points.
Over the period since the cyclotron was first operated, adjustments to the
trim-rod readouts have resulted in an accumulation of serious positional
errors. The trim rods were re-zeroed by two methods: 'feeling' through the
copper
rf cavity
skin by sensing micro-mechanical distortions, and
measuring non uniformity at trim-rod positions with eddy-current probes.
Operators may now have some confidence that the trim-rod displacement readings
reflect the true trim-rod locations.
The buncher phase control system has been reviewed and the control logic for
the slit control revised. This has resulted in improved performance and ease
of set-up. Tests have been carried out to ensure that the system is ready for
both 2nd and 6th harmonic ir-mode operation.
The short period (48 hours) available in the current period for beam
development was used to accelerate a
Ag beam to 13 MeV/u. This represents
a modest step away from the 42 MHz frequency for 10 MeV/u beams and at present
rf levels gives experience in developing beams with moderately high turn
numbers (170 turns to extraction radius). Distinguishable turns at all radii
make this beam a suitable tool for correcting magnetic field errors and
determining the radial variation of accelerating field* In following runs the
acceleration region parameters will be carefully adjusted with the beam used
as a measuring tool, to separate pure extraction problems from difficulties
introduced by poor beam preparation.
The new microprocessor magnet controller is at the stage where it emulates the
existing 4044 controller and also runs the magnet down, and is ready for
installation.
The additional facility for lead-flow control is awaiting a
system test.
The extraction probe is ready for tests in the cyclotron, and work has begun
on the development of a phase probe, which will incorporate a time-resolving
gamma detector.
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The software used for beam line set-up and for field and orbit computation has
to be transferred to the new site computer (Cyber 990) which operates under
NOS/VE. This work is in progress. The TRIUMF field isochronising codes are
already operational on the new system. The CINDY codes developed for probe
output analysis are being transferred to an IBM personal computer and will
probably not be moved to the 990. The complications of running an interactive
code through the site computer during active beam development have proved too
daunting.
The usual requirements of wear and tear have required part replacements on the
voltage tap monitor, the foil changer, the rf driver amplifier, the rf power
supply and the cyclotron rf coupling capacitor.

5.2

MAIN MAGNET SYSTEM

5.2.1

New Satellite Controller
C.C. Williams and L.W. Shankland

The Phase I system has been upgraded to include automatic magnet shut-down,
and the software and hardware changes have been debugged. All components for
the reconstruction of the development system are now to hand and the Phase I
controller will be installed imminently.
Laboratory development work for the second phase, which adds helium lead-flow
control, is now complete. The second phase now requires final testing and
adjustment on the real magnet system. Also untested with the magnet system
are the allowed commands from the PDP 11/44. These require the installation
of system variables before they can be used.
Piping components are on order to enable extraction lead-cooling flows to be
set by the controller (phase 2a).
5.2.2

Voltage Tap Monitor Maintenance
L.W. Shankland

Spurious readings on the magnet voltage taps were traced to corrosion of the
protect relay contacts. Different relay contacts are used for running and for
setting the common-mode rejection. In time, the two sets of contacts develop
different contact resistances.
The relays were changed and the system
rebalanced.

5.3

RADIOFREQUENCY SYSTEM

5.3.1

RF System Operation and Maintenance
E.P. Stock (TASCC Operations) with J.E. McGregor
See Section 4.4.
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5.3.2

Cavity Cooling Tests
C.R.J. Hoffmann, J.A. Hulbert, J.E. McGregor with E.P. Stock (TASCC
Operations)

Power tests were carried out at 32 MHz and at 50 MHz in the if-mode for two
different hill lens #2 azimuthal locations, and with the hill lens removed.
It was concluded that the cavity wall heating in the IT-mode could not be
reduced without major design changes, and the only immediate solution to the
excess temperature problem was to add cooling.
The outer cavity wall is enclosed by the magnet cryostat and, now, the only
possible route for cooling lines is through the cavity.
The arrangement
adopted was to replace the stainless steel hill-lens brackets with silverplated aluminum bronze components. The latter material has three times the
thermal conductivity of stainless steel, but similar strength. The brackets
were then fitted with cooling pipes to provide a heat sink between the cavity
wall and the hill lenses. Access for the cooling was made through the upper
face of valley #2-3. Semi-rigid rf cable, 2 mm in diameter, was tacked with
indium to the water lines to provide cooled, shielded instrumentation leads to
thermometers which were inserted in holes in the hill lenses. The water lines
passed down a corner of the valley, entering the #3 hill gap close to the
outer wall. Although the cooling lines are at a high rf field region where
they enter the hill gap they are pushed back deep enough into the corner that
there is no indication of adverse interaction with the rf field.
Tests carried out at 32 MHz and 50 MHz, in both rf modes, indicate that the
cooled lens brackets adequately protect the cavity wall from over-heating at
all cavity operating conditions. However the thermometers inserted to check
local heating at 'trouble spots' reveal other causes for concern. Both hill
lenses, which have a poor thermal couwccc with the mounting brackets, can rise
to damaging temperatures at full rf power. It may be possible to lower their
operating temperatures by a simple modification of the arrangements for
clamping to the brackets. Thermometers on the deflector assembly (see Section
5.5.1) also show an unacceptable temperature rise of the septum rails, and
some heating of the deflector insulator housing. The power involved is only
10 watts in each case, so some extra thermal links to the new deflector shield
plates should solve this problem. The temperature rise of the shield plates
is only a few degrees and we have not noted any effect on the beam orbits
following their installation.
5.3.3

RF Modelling Studies
Zhou Xue-Hou, R.M. Hutcheon, J.A.
Operations)

Hulbert with G. Corriveau

(TASCC

The half-scale model of the cyclotron rf cavity has been constructed in order
to study if-mode fields and accelerating gap fields at low power. Initially
the wooden dee forms in the model were covered in high conductivity aluminum
foil and tape, but the tape adhesive failed to meet the advertised
specification for electrical conductivity. The model has now been completely
recovered in copper foil with soldered joints giving a Q-factor with an
acceptable value of around 1000.
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Measurements of rf magnetic fields in both o-mode and IT-mode have defined rf
current distributions. The added hill fields in «-mode result from an almost
radial current across the hill faces which transfer charge from the upper to
the lower tuner and vice versa. Shorting posts across the hill gaps at the
inside radius (inside the injection radius) would reduce the hill face
currents and reduce the cavity wall heating under the hills. Such posts in
the model have been shown to reduce wall dissipation by about 10 dB. Their
effect on tuning and Q-factor have been measured.
Doubts about using such
posts to reduce the cavity wall heating come with the realisation that one
exchanges problem of the removal of a small amount of heat at the outer wall
for the problem of removing many times that amount at the posts.
Tests are continuing to develop a method for measuring accelerating gap fields
as a function of radius on the model. Variable tuners are also being made to
replace the original fixed tuners on the model.
A copy of the latest version of MAFIA has been received from DESY and is being
converted for use under NOS/VE on the Cyber 990.
5.3.4

Phase Control Studies
G.R.D. Mitchel and J.E. McGregor

The upgrade of the slit phase-control logic and the installation of remote
gain control for the slit signal amplifier were completed.
The bunchers were set up for the Ag 13 MeV/u beam development run. With an
uncontrolled transit-time instability through the tandem of - 20° the phase
control reduced the instability to - 1/2°. An operator procedure has been
written for the buncher set-up.
Additional buncher tests were carried out in support of future beams. With
the frequency set to 32.1 MHz and a tandem beam energy of 86 MeV, the high
energy buncher was operated at the 4th harmonic, with the low energy buncher
under slit control.
The control worked well and it was straightforward to
identify the 'right' bucket for the HEB by introducing a 180° phase shift in
the LEB drive line.
Once the correct bucket is found it can be readily
restored after a drop-out by observing the phase relations between the buncher
waveforms on the control desk oscilloscope.
The phase-control system was also operated with an available
Ca, 51.7 MeV
beam at 32.1 MHz. Despite problems with ion source instability, bunches with
a length of less than 700 ps FWHM were obtained.
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5.4

INJECTION

5.4.1

Foil Changer
C.R.J. Hoffmann and J.F. Mouris

The foil transport chain has been cleaned and lubricated with "Everlube 811".
A redesigned limit switch with a mechanical latch was installed at the
"unloader retracted" position.
This eliminates the problem of vibration
causing the limit switch to indicate an unparked unloader.
The foil changer was reinstalled on the cyclotron and calibrated, and the
transport chain reloaded with foils. During the set-up an intermittent fault
in the unloader cycle was noted. For about 3% of foil unloading operations
the unloader jaws lose precise alignment with the shroud on the transport
chain and the foil fails to unload correctly. A redesign of components to
maintain adequate alignment is planned.

5.5

EXTRACTION

5.5.1

Electrostatic Deflector
C.R.J. Hoffmann, J.F. Mouris, L.E. McEwan with D.R.
Design)

Proulx

(Plant

Two water-cooled rf shield plates have been fitted into the deflector dee to
shield the deflector insulator from rf heating. The modified water header on
the high-voltage vacuum envelope supplies water cooling to the interior of
both the deflector and the foil changer halves of the upper dee set.
Supply and drain lines for the deflector rf shield system connect to the rf
system cooling. Diode thermometers were placed on the shields, on the upper
septum rail and on the high-voltage feed insulator housing; signal lines for
the diodes pass through a new feedthrough alongside the high voltage water
header.
During development of the Ag 13 MeV/u beam, typically with a dee voltage of 41
kV and cavity power of 16 kW, at a frequency of 48 MHz, the deflector shields
showed temperature rises of less than 2°C. However, the septum rail and the
insulator housing increased in temperature to 200°C and 60°C respectively.
The power input to the septum rail was estimated to be about 10 W. Tests
without beam showed that the heating was independent of rf mode. Methods of
providing a thermal connection between the shields and the septum rails are
being developed.
The deflector high-purity deionised water system has been fitted with a new
turbine pump, and a water resistivity meter has been added to the return line
from the deflector.
The oil-filled junction box in the deflector high-voltage supply cable has
been adjusted to eliminate sparking at 95 kV. An oil-level sensor has been
added and incorporated into the deflector interlock system.
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5.5.2

Magnetic Channel
C.R.J. Hoffmann and J.F. Mouris

New water-cooled
Section 5.3.2).

mounting

brackets

for

the hill

lenses were

installed

(see

Quench detection circuitry, which monitors voltages across the superconducting
channel windings, has been installed and commissioned.

5.6

DIAGNOSTIC PROBES

5.6.1

Probe Data Calculations
J.A. Hulbert

The CINDY codes, by E.A. Heighway and C. Brazeau (AECL 8849, Section
6.2.1.7.2, 1985 August), running on the CYBER 720, provide a means of
analysing orbit turn patterns.
These codes have not been used since the
initial cyclotron runs, because of problems with transferring probe-data files
reliably to the CYBER, the obscurity of the user interface, the beam-specific
nature of some of the internal data, and the non-availability of the original
authors.
It is now apparent that these codes, if more accessible, would be a
valuable tool in beam development.
Rather than transfer these codes to the CYBER 990, while revising them, it has
been decic'ed to modify them for operation on a personal computer.
It is
planned to use the PC-XT purchased earlier in the year for occasional data
loggingA Fortran compiler and graphics package have been obtained and a
hard disk is on order.
The 512 kB data memory in the probe control system
will be replaced by an RS-232 interface through which probe data may be
simultaneously down-loaded to the PC. This method is chosen initially because
it requires minimal changes to the probe control software.
Two versions of
the turn pattern analysis code exist, one based on NL2S0L, a non-linear
least-squares fit code from the AELIB library, and the other employing a
correlation function peak-finder with filtered Fourier analysis.
Both codes
use PLOT10 for graphicsA first pass conversion of both code versions has
been done and the graphics converted to GEOGRAF subroutine calls.
Debugging
is in progress. Once the codes are working on the PC they will De remodelled
to provide a more user-friendly interface and the output formats tailored to
current requirements.
5.6.2

Phase Probe Study
G.R.D. Mitchel and J.E. McGregor

The initial aim of this study is to develop the MSU pin-diode gamma detector
into a form small enough to fit into the radial probe heads while being
capable of detecting single photons.
Two types of silicon photodiodes were
obtained, an HP-5082 (as used at MSU) and an EG&G FND-100. Signals from the
back-biased diodes, irradiated with a
Co gamma source, were amplified with
cascaded NEC mu-PC1651G solid-state pre-amplifiers (as used at M S U ) , but
single photons could not be resolved.
With the assistance of A. GalindoUrlbarri
(Nuclear
Physics)
single-photon
signals
were
detected
when
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an Ortec 142 biasing pre-amplifier was used followed by an Ortec 474 timing
amplifier.
Discussions with R. Ronnigen of MSU revealed that the MSU
detectors could not be bench tested and that the signals detected in the
cyclotron were probably due to charged particles.
For the next stage of tests, Hamamatsu avalanche photodiodes, with a charge
multiplication of 100, have been ordered.
5.7

BEAM DYNAMICS CODES
C.R.J. Hoffmann

Transfer of cyclotron computer codes and data files to the new NOS/VE system
on the CYBER 990 continues. Code modifications are required for running on
the new system.
Programs to calculate isochronous fields for orbit
calculations have been transferred and can be run. The general orbit code
SURERGOBLIN has been transferred and its operation is being verified.

5.8

PRESENTATIONS

SUPERCONDUCTIVITY - A REVIEW
J.A. Hulbert
A talk to the Science Teachers Seminar, CRNL, 1988 April 7-9
SUPERCONDUCTIVITY - A GIFT OF NATURE OR ANOTHER TORTURE OF TANTALUS
J.A. Hulbert
Presentation to the Deep River Science Association, 1988 April 15.

6.

PHYSICS SUMMARY
by G. Dolling
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Assistant to Vice-President - G. Dolling
Secretary - J. Vaudry

PHYSICS SUMMARY

6.1

Condensed Matter Physics

Neutron scattering studies of the quasi-one-dimensional antiferromagnet CsNiCl3
and their comparison with theoretical model calculations continue to provide
fascinating food for thought (7.18).
The spin excitation dispersion relation
follows that expected for a classical Heisenberg antiferromagnet with a Neel
broken-symmetry ground state, in apparent contrast to recent calculations of the
first-moment of S(Q,OJ) from an exactly solvable model for integer spin chains.
However, the existence of a broad continuum of magnetic scattering at higher
frequencies in the nuclear zone
may resolve this apparent discrepancy.
Substitution of small amounts of vanadium for arsenic in DyAsO^ produces
interesting effects, not yet completely understood, analogous to those of a
magnetic random field system (7.19), while addition of small quantities of other
transition metals to Cr can profoundly change the character of its antiferromagnetic transition (7.20).
Comparison of neutron diffraction profiles for TiO x with combustion analysis
data for x=l.ll indicates a total antistructure atom concentration of (2+2)
atomic percent. Attempts to describe this observed defect structure based on
the pairwise bonding model have, however, proved unsuccessful (7.12). Studies
of the thermal evolution of phonons below the order-disorder transition in CU3AU
have given the most direct evidence to date for a spinodal transition occurring
over a range of temperatures well below T c .
Further evidence for the failure of the concept of transferrable interatomic
potentials to describe intermolecular forces has been adduced from neutron
inelastic scattering measurements of phonons in a symmetrical benzene derivative
C6F3CI3 (7.8).
Neutron powder diffraction profiles have been measured for
samples of perfluorocyclobutane (C^Fg) in all five distinct crystalline phases
that are known to exist below its freezing point, 233 K.
The highest
temperature phase, though based on a bcc structure (a=7.02 A ) , exhibits a
pronounced molecular disorder (7.11).
A substantial effort is now under way, involving analytical calculations and
extensive literature searches, to determine the optimum composition and design
of the proposed cold neutron source for the third NRU vessel (7.3). Size
limitations imposed by the N2-C2-T3 T-tube configuration and considerations of
heat removal may favour the selection of a thin elliptical disc liquid H2 source
rather than the largest feasible volume of liquid n 2 (8.2).
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A major improvement to the L3 triple axis spectrometer, greatly increasing its
monochromator angular range and neutron beam height, has been successfully
implemented. The sample table has been lowered to permit the mounting of the
very large specimens frequently encountered in the Applied Neutron Diffraction
for Industry program. It is also proposed to instal a new cold neutron filter
at L3 at a later date (7.26).
Another spectrometer development has been the
installation of a fixed-2©m diffractometer, using a 60 cm linear position
sensitive detector, at the T3 beam hole (7.25).
A most successful Neutron Scattering
Summer
School was held at CRNL,
1988 June 14-17, thereby satisfying for the present the needs of the expanding
neutron scattering community in Canada (7.2).
6.2

Neutrino Physics

The Sudbury Neutrino Observatory (SNO) proposal has been reviewed by an
international scientific and technical review committee, reporting to NSERC, NRC
and to the US and UK funding agencies (7.33).
A geotechnical survey of the
initial chosen site for SNO indicated unacceptably high local stresses in the
norite rock; drilling to a second site 60 m away is in progress. Further
progress has also been made in the acquisition and testing of acrylic material
for the detector vessel with extremely low concentrations of the highly
undesirable impurities 2 3 2 Th and 2 3 8 U (7.34).
6.3

Theoretical Physics

The scattering of very low energy neutrons by multilayer monochromators (8.3),
and the very high energy collisions between Nb nuclei (8.17) illustrate the
wide-ranging diversity of problems tackled by Theoretical Physics Branch. Other
studies include the distinction between distinguishable and indistinguishable
particles (8.5), the complete decomposition of the S0(8) enveloping algebra
(8.15), the phenomenon of the braid group and strange statistics (8.13), and the
relation between meson field dynamics and Dirac Sea polarisation effects (8.7).
A new survey of superallowed Fermi p transitions between 0 + T=l states has
yielded a precise value for the weak vector coupling constant (8.9). This
subject is reviewed in the following Section 6.4.
6.4

Beta Decay - A Resume for Non-specialists

The study of superallowed Fermi beta decay has played a pivotal role in the
understanding of weak interactions in both nuclear physics and particle physics.
The basic decay process involves a proton in a nucleus decaying to a neutron
with the emission of a positron and a neutrino: p -*• n + e + + v g . If the two
leptons e and v e (both being spin-1/2 particles) carry away a total spin of
zero, the transition is called a Fermi transition, whereas if this total spin is
one it is called a Gamow-Teller transition.
Furthermore if the leptons carry
away no orbital angular momentum, the transition is said to be allowed. Indeed,
when certain selection rules are satisfied, Fermi transitions in nuclei occur
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with a higher probability than typical Gamow-Teller transitions, and are
therefore said to be superallowed.
(The selection rules are that there be no
change in spin and parity between the initial and final nuclear states.) In
addition, and more importantly, in the case that the nuclear Hamiltonian is
charge-independent and if isospin can be introduced as a pseudo-spin operator
that commutes with the Hamiltonian and whose z-projection distinguishes protons
from neutrons, then an additional selection rule in Fermi transitions is that
there be no change in the isospin quantum number between the initial and final
states. The reason is that the operator mediating the weak interaction process
is, within the so-called conserved vector current hypothesis, related to the
isospin operator; it is the ladder operator of the isospin algebra and its
matrix element is given by a Clebsch-Gordan coefficient. This is a remarkable
result: it implies that the matrix element is independent of any detailed
structure of the nucleus and depends only on its isospin quantum number.
The transition rate for a nuclear beta decay is characterised by an ft-value,
where f is a calculable integral specifying the phase space available to the
emitted leptons and t is the measured half-life.
The ft-value is inversely
proportional to the square of the nuclear matrix element.
After certain
electromagnetic corrections have been applied, these ft values should all be the
same for nuclei having the same isospin quantum number. This equality of ft
values provides an experimental test of the conserved vector current hypothesis.
As reported in section 8.9 a disturbing failure of this test that was evident in
1984 has now been resolved by improvements in the calculation of radiative
(electromagnetic) corrections. A new survey of the nuclear physics data is
currently under way.
Turning now to the particle physics context, we know that all hadrons are made
up of point-like constituents known
as quarks: baryons are three-quark
composites and mesons are quark-antiquark structures. In this picture, nuclear
beta decay is
a
transition
between
an
up-quark
and a down-quark:
u •» d + e + v e , In the standard model there are three generations of quarks:
(u,d), (c,s) and (t,b). An important characteristic of the weak interaction is
that there are almost no transitions at all between generations. That there are
some (very) small inter-generation transitions can be accommodated by rewriting
the standard model as (u,d')> (c.s1) and (t,b'), where the new, primed, quarks
are related to the old unprimed quarks by a unitary transformation

V

v
ud v
ub l
v us
cd cs Vcb
v
td vts V t b /
u

idbS
V

The matrix is known as the Kobayashi-Maskawa matrix.
In general a unitary
matrix in three dimensions depends on four parameters, thus there are many
inter-relations between the nine elements of the matrix. One relation is that
the elements in the first row must satisfy: |V ud | 2 + |V US | 2 + |V ub | 2 = 1. Since
nuclear beta decay involves the transition u -> d, it depends on the matrix
element V U( j. By comparing nuclear beta decay with a weak decay involving only
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leptons, such as u~ -*• e~ + \5e + v,, a value for |Vudl
can be obtained. A
similar comparison with K-mesons (with s-quark content) yields (Vus| , and with
B-mesons (with b-quark content) | v u bl •
As reported in Section 8.9, present
experimental data satisfy the unitarity test to within 0.2%: this must be
considered a veritable triumph for the standard model. Had the test failed, it
would have been an indication that more than three generations of quarks might
be required for a complete understanding of hadron spectroscopy.
6.5

Fusion

Highlights from the National Fusion Program include the approval by the
interdepartmental Panel on Energy Research and Development of a plan to upgrade
the Tokamak de Varennes (9.2) and the drafting of a memorandum of understanding
between Canada and the
European
Community
which will enable Canadian
participation in the International Thermonuclear Experimental Reactor project
(9.5). Chalk River staff helped to organize the highly successful Third Topical
meeting on Tritium Technology in Fission, Fusion and Isotopic Applications, held
in Toronto, 1988 May 1-6 (9.4).
6.6

Radionuclide Metrology and Detectors

A new and considerably more precise value has been obtained for the emission
probability of the 121.26 keV gamma ray from the decay of
'Pm. This gamma ray
is used to assay ^'Pm, of which AECL is a major commercial supplier (7.42). An
international comparison of '^Se
photon emission probabilities has been
undertaken at the request of the IAEA (7.43).
Significant progress has been
made with the development
of position-sensitive neutron detectors, with
satisfactory spatial resolution being obtained with 4-mm spacing of anode wires
in a 3 He + ^He + CF 4 gas mixture (7.38).
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7.2

Neutron Scattering Summer School
T.M. Hoiden with members of NSSP Branch

Twenty-six participants attended a highly successful Neutron Scattering Summer
School at Chalk River, 1988 June 14-17.
Of these, fifteen were graduate
students and eleven were scientists.
Universities, Government Laboratories
and Industry were represented. Participants attended from Los Alamos National,
Laboratory, Argonne National Laboratory, the National Research Council, and
Greenleaf Corporation and ten Canadian Universities. Students and professors
from Dalhousle, McMaster, Queen's, McGill, Concordia, Laurentian, Unlversite
de Montreal, and the Universities of Guelph, Waterloo and Toronto attended the
School. The School took the form of morning lectures on the basic theory and
practice of neutron scattering as well as topics of current forefront research
interest.
Afternoon sessions were devoted to experiments with the neutron
spectrometers at the NRU and NRX reactors.
7.3

Cold Neutron Source for the NRU Reactor
E.C. Svensson, W.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
(Reactor
Physics
Branch),
W.
Mellors
(Mechanical Equipment Development Branch) and D.A. Barrington (Nuclear
Safety and Technology Branch)

Work on the cold source project (PR-PHS-P-4: 7.2; AECL-9680) in the current
period has been directed primarily towards the selection of the optimum
moderator material, taking into account the sizes of the C2, N2 and T3 tubes
and the fact that, in addition to the beams from the C2 and N2 tubes, we will
wish, if possible, to also extract a beam of cold neutrons from the T3 tube
(the tube through which the cold source will be inserted).
An extensive computer search of the literature for information pertaining to
cold sources has been carried out and several meetings have been held. In
addition to a visit to the Institute Laue-Langevin, Grenoble, in the previous
period, members of the Design Team have visited the Ris0 National Laboratory,
Denmark and the Oak Ridge National Laboratory in the U.S. to discuss the cold
sources at those establishments or, in the case of O.R.N.L., those planned for
the Advanced Neutron Source project.
Analytical and numerical calculations of the neutron scattering by the ortho
and para forms of both H2 and D2 based on theoretical models have been
completed (PR-PHS-P-5: 8.2; AECL-9758). Neutron scattering kernels obtained
from these calculations will be used to test the data base for calculations
using reactor physics codes.
New reactor physics codes appropriate to the task of carrying out state-ofthe-art calculations of the neutronics performance and the heat deposition for
various cold source materials and geometries in the NRU lattice have been
obtained. The task of learning new fields of specialization, developing the
necessary data base and modifying these new codes to run on the (also new)
CRNL computer system as well as installing and testing them has turned out to
be much larger and more complex than anticipated.
Taking account of other
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commitments by the reactor phys^f-s experts, completion of the detailed calculations is now not expected before 4Q 1988/89. Although it appears that such
calculations will ultimately be essential to obtain realistic estimates of the
heat deposition (which is unique to the particular reactor and which determines the refrigeration capacity required) and to satisfy safety requirements,
it has been decided to temporarily redirect effort toward a more thorough
study and understanding of the literature in the hope that the empirical data
available from previous experiments and existing cold sources will allow us to
make an earlier selection of the cold moderator material. The selection of
this material is required before we can proceed to consideration of the
mechanical design.

7.4

S(Q) and g(r) for Liquid

He at Elevated Pressures.

J.H. Root, H. Lin, E.C. Svensson and D.C. Tennant with E.D. Hallman
(Laurentian University)
The major series of measurements of the total neutron scattering by liquid He
at elevated pressures which was resumed in the last period (PR-PHS-P-4: 7.4;
AECL-9680) has been completed. We now have results for the temperature dependence along seven equally spaced isochores corresponding to3densities, p, of
0.149, 0.153, 0.157, 0.161, 0.165, 0.169 and 0.173 g.cm" .
Emphasis was
centred primarily on the temperature range between the lowest attainable
temperature, T » 1.0 K, and the superfluid transition temperature, T^(p),
but measurements were also carried out at temperatures just above T^ and at
T * 4.2 K for each p. Extensive results for the range T^ < T < 4.2 K were
obtained for two densities, 0.161 and 0.169 g.cm" . Measurements were also
carried out for several additional densities at T » 1.0 K and for several
(T,p) values in the vicinity of the upper \-point (the point where the superfluid transition line intersects the boundary of the solid phase).
LOTUS and FORTRAN routines have been assembled to allow prompt analysis of the
results using a personal computer. Following the methods of Svensson et al.
(Phys. Rev. B. _21_ (1980) 3638), static structure factors, S(Q), and pair correlation functions, g(r), have now been calculated for five of the seven isochores. For a given density, the amplitudes of the oscil.lati'ns of S(Q) and
g(r) (which are a measure of the correlations between the atoms) increase with
decreasing T above T^ but decrease with decreasing T below T^, the latter
behaviour being unique to superfluid He and attributable, in large part, to
the fact that, as T is lowered below T^, more and more atoms enter the
zero-momentum condensate state and become effectively uncorrelated with the
other atoms. For p = 0.173 g.cm" , the height of the principal peak of S(Q)
increases by « 6% between 4.2 K and T^ and then decreases by « 6% between
T\ and 1.0 K.
Hyland et al. (Phys. Lett. 31A (1970) 465) have proposed that the temperature
variation of g(r) at large r along an isochore is related to the condensate
fraction, no(T), by
g(r,T) - 1 = [1 - no(T)] 2 [g(r,T*) - 1]
where T* is a temperature just above Tj^(p).

We find that plotting g(r,T) -
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1 vs. g(r,T*) - 1 does Indeed give an excellent straight line. Preliminary
values of no(p,T) obtained from the slopes of such lines give evidence for a
decrease in no with increasing p at low T, as expected, but indicate a weaker
dependence of no on p than predicted by theory. It would appear that something other than the changing value of no(T) is also contributing to the
temperature variation of g(r) at larger r.

7.5

Thermal Evolution of Phonons and Splnodal Ordering In Q13AU
E.C. Svensson with B.D. Gaulin (Oak Ridge National Laboratory) and
E.D. Hallman (Laurentian University).

Theory (H.E. Cook, J. Appl. Cryst. j$ (1975) 132) has suggested that splnodal
or continuous ordering can occur over an extended temperature region in the
vicinity of a discontinuous (first-order) phase transition such as the orderdisorder transition in CU3AU. One would expect such ordering/disordering to
have a marked effect on the phonon modes. To Investigate this possibility, we
have studied the temperature dependence of phonon excitations in a previouslyordered single crystal specimen of CU3AU using the N5 triple-axis spectrometer. Measurements were carried out at the symmetry points X ([COO] zone
boundary) and F (zone centre) of the ordered simple-cubic structure for five
temperatures below the order-disorder temperature (Tc • 657 K for our
sample) and two above.
At temperatures far below T c we observe two well
separated phonon peaks.
As the temperature is raised towards T c , these
peaks merge and finally coalesce with the rapid change to a single peak occurring at a temperature of Tfl - 30 ± 10 K which we identify as the lower
splnodal temperature for CU3AU. When the results are converted to a dynamic
susceptibility (by dividing by the thermal population factor), we find that
there is essentially no change between the lower spinodal temperature and Tfl
+ 35 K. In contrast to the phonons, significant changes In the order parameter which characterizes the first-order phase transition, and which we have
determined by measuring the elastic scattering at (003), only occur within * 4
K of T c .
This study has given the most direct evidence to date for the
relevance of a spinodal transition below T c for a system which undergoes a
discontinuous phase transition.

7.6

Neutron Diffraction Studies of Ice V and Ice IX
E.C. Svensson with E.D. Hallman (Laurentian University) and D.D. Klug
and E. Whalley (National Research Council)

Neutron diffraction measurements on powder samples of D2O Ice V and Ice IX
produced at the National Research Council have been carried out using the N5
neutron spectrometer. The samples, approximately 0.15 cm thick and 7.0 cm in
diameter, were mounted in a Displex closed-cycle refrigerator using the
special holder and transfer procedure (PR-P-142: 3.15; AECL-9103) developed
for earlier measurements on amorphous ice (PR-PHS-P-1: 7.4; AECL-9262 and
PR-PHS-P-2: 7.8; AECL-9351).
The objective of these studies Is to determine the degree of deuteron ordering
in these partially-ordered forms of Ice which are produced under pressure at
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low temperatures. Both the Ice V and Ice IX samples were studied In the "as
made" condition. Measurements were also made on the Ice Ic sample obtained by
heating the Ice IX sample to about 165 K, and on the empty Ice IX cell. The
fast-neutron background was also determined by using a boral-cadmium shutter.
All measurements were carried out at 15 K using either 0.9 or 1.0 A neutrons
from a Be(110) monochromator.
The degree of order in Ice IX cannot be changed from the "as made" condition
since the order-disorder transition temperature Is higher than the temperature
at which Ice IX transforms to Ice Ic.
The degree of order in Ice V can
readily be changed by heat treatment. While attempting to increase the degree
of order of our sample by annealing at 110 K, the Displex stopped working
preventing further measurements.
Calculations of powder line Intensities have been carried out for 90% and 100%
ordered Ice IX and for 100% ordered Ice V. The change from 90% to 100% for
Ice IX produces changes of up to 30% in the intensities of some of the powder
lines.
Preliminary comparison with our experimental spectra Indicates that
our sample was nearly 100% ordered. Analysis of the Ice V results is not yet
possible since the Displex failed before the empty-cell scattering was determined. When the Displex stopped working, the Ice V sample was "rescued" by
pouring liquid N2 directly into the Displex. The study of this sample will be
continued after repairs to the Displex are completed.

7.7

Phonon Anomalies In Nip.
E.C. Svensson with E.D. Hallman (Laurentian University)

Our earlier room-temperature neutron scattering experiments on this nickelrich alloy (PR-PHS-P-4: 7.9: AECL-9680 and PR-PHS-P-3: 7.2; AECL-9503)
revealed a prominent dip in the [CCO]Ti acoustic branch, with the maximum
deviation from a simple slmtC dispersion relation occurring at Cm = 0.22. A
similar but considerably weaker anomaly was also observ d for the [ CCC]
acoustic branch (Cm = 0.20).
Our results for Nio.5AJ?.o.5 (PR-PHS-P-2: 7.15;
AECL-9351) also show weak anomalies for these branches, but at larger Cm
values (0.29 and 0.32, respectively). These phonons anomalies may possibly be
precursor effects of the martensitic phase transition from the ordered P (B2CsCA type) bcc structure of stoichiometric Nio.sAlo.5 to a "7R" martenslte
structure based on NI2AX. This transition occurs at T « 0 K for 58% Ni.
In an attempt to clarify the origin of these anomalies, we have carried out
new measurements of the [CCO]Ti branch at 296 K and 15 K using the C5 spectrometer.
Moderate resolution conditions were employed (a fixed scatteredneutron frequency of 9.0 THz) In order to carry out the measurements near the
(022) reciprocal-lattice point for greatly enhanced phonon Intensities. The
anomaly is observed to be markedly sharper at 15 K than at room temperature.
The phonon frequency at C = 0.2 has decreased by about 15% and the dispersion
relation has become relatively much flatter over the range 0.125 < C < 0.200,
but C m has changed only very slightly, from 0.22 to 0.20. The strong dependence of Cm on Ni concentration together with the insensitivity to temperature suggests that the anomaly originates with the conduction electrons (whose
concentration varies only with alloy composition).
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Shapiro et al. (Phys. Rev. Lett. 57. {1986) 3199) have observed elastic
satellite peaks at C ° 0.13 in the [CCO] direction for Nio.63A*o.37. In
elastic scans on Nio.58A^o«k2 carried out as part of the present study, we
have observed satellite peaks centred at C = 0.125 in [OCC] and [OCC]
directions away from the (020) reciprocal lattice point. These satellites,
which are broader than the instrumental resolution, probably reflect the
periodicity of the structural modulation which is a precursor to the
martensitic phase transition. Further analysis of the elastic and inelastic
results is in progress and additional measurements are planned.

7.8

Phonons and Interatomic Potentials In Sym-C6F 3^3
B.M. Powell with M.T. Dove (University of Cambridge), G.S. Pawley
(University of Edinburgh), S.L. Chaplot (Bhabha Atomic Research Centre)
and A. Mierzejeuski (Technical University of Wroclaw)

The molecular crystal sym-C6F3CA3 has a simple structure (hexagonal, space
group P63/m), but the molecule contains two different halogen atoms.
It is
thus a particularly suitable candidate to test recent interatomic potentials
proposed for nitrogen and the halogens.
The phonon dispersion curves of sym-CfeF3C^3 were measured at 5 K, for the A, £
and T directions by inelastic neutron scattering.
They were interpreted
within the framework of rigid-molecule lattice dynamics, which should be a
good approximation for all except the highest frequency modes.
The
experimental curves were compared with those calculated using the model of
Chaplot (S.L. Chaplot, Solid State Physics (India) ^9C (1986) 120) and the
agreement is generally very good. However, the parameters of this model are
very different from those of the appropriate "transferable" potentials
developed by Williams et al. (D.E. Williams and D.J. Houpt, Acta Cryst. B42
(1986) 286).
Consequently, the calculation of the dispersion curves was
repeated using potential parameters of the Williams form.
The hetero
interactions, F-CA, were modelled with the standard combining rules and
electrostatic interactions were included by a charged atom model. This model
gave qualitative agreement with the experimental frequencies, but the
quantitative agreement was much worse than that of the Chaplot model.
The
Williams model generally overestimated frequencies by a 20%, but by as much as
40% in some cases. This failure of the Williams model is surprising In view
of its general success for other molecular solids.
However, a similar
discrepancy
has recently
been
found
for cyanogen
(PR-PHS-P-4: 7.7;
AECL-9680).
We conclude therefore that either more work is necessary to
develop a full set of transferable C, F and C£ potentials or the concept of
transferrability must be called into question.

7.9

Crystal Structure of a-Methanol
B.M. Powell with B.H. Torrie (University of Waterloo)

Methanol (CH3OH) is one of the simplest hydrogen-bonded molecular solids and
has been extensively studied to test theories of hydrogen bonding and chain
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formation.
Despite its status as a "test solid", the structures in which
methanol can crystallize are not well characterized and the structure of its
low temperature phase, or-methanol, is unknown.
The crystal structure of
deuterated a-methanol has been determined at 15 K by neutron diffraction
profile refinement. The measurements were made at the C5 spectrometer at the
NRU reactor. The monochromator was Si (115) and the neutron wavelength was
1.6013 A. The crystal structure is ordered in the orthorhombic space group
P?l2i2i. The molecular geometry is very similar to that in the gas phase, but
the methyl group no longer has the ideal 3-fold symmetry.
The crystal is
formed by hydrogen-bonded chains of molecules with adjacent chains "pointing"
in opposite directions. The 0-H...0 hydrogen bonds are almost linear.
In the course of this investigation
phase reported to exist between
disordered p-phase. No evidence of
metastable phase was discovered.
investigation at present.
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a search was made for the intermediate
ac-methanol and the high temperature,
the intermediate phase was found, but a
The structure of this phase is under

Orientational Order/Disorder Transition in Calcite
B.M. Powell with M.T. Dove (University of Cambridge)

The existence of an orientational order/disorder phase transtion in calcite
(CaC03) at high temperature and low pressure has been indicated for some
time but confirmation and detailed analysis of this transition are lacking.
Since calcite can be viewed as a model crystal for several systems of geological interest, a detailed investigation of its phase transition is of current
importance.
Neutron powder diffraction measurements were made on polycrystalline calcite
as a function of temperature from 300 K to 1300 K. Calcite is unstable at
high temperatures (CaCO3 -*• CaO + CO2) and an overpressure of CO2 is necessary
to prevent this reaction.
However, at high temperatures, CO2 is highly
reactive and in the course of the experiment destroyed several components in
the furnace.
The duration of the experiment was ultimately limited by the
lifetime of the graphite heater In the CO2 environment.
The space group of the low temperature phase is a R3c and the intensities
of two superlattice reflections (1123), (2131) were monitored as a function of
temperature.
Both Intensities were found to decrease with temperature and
vanish at a transition temperature, T c , of 1260 K. The lack of any other
significant change in the diffraction pattern indicates that the high temperature structure Is also rhombohedral but the space group has changed to R3m.
The trigonal c-axis is only half that of the low temperature phase, which Is
possible only if the carbonate ions become orientationally disordered. The
square of the Intensity of, the (1123) reflection, I, is proportional to (Tc
- T ) . If we write I " Q*1 where Q is an appropriate order parameter then Q <*
(Tc - T)P and we find p = 0.25, indicating that the phase transition Is
tricritical. The a-lattice parameter decreases with Increasing temperature,
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but the c-lattlce parameter Increases by a large amount (*> 4%). This Is due
to the Increasing disorder of the CO3 Ions as the temperature Increases and
can be Interpreted In terms of a spontaneous strain.
Detailed structural
studies above and below T c now In progress will allow the Identification of
the orier parameter with an actual microscopic ordering process.

7.11

Model for the Molecular Disorder In the High Temperature Phase of C<+F8
B.M. Powell with L.S. Bartell (University of Michigan)

Perfluorocyclobutane (CitFs) exists In five distinct crystalline phases between
its freezing point (233 K) and 140 K. The detailed crystal structure is not
known for any. We have measured the neutron diffraction powder profile at
temperatures of 15, 125, 195, 219 and 224 K with the intention of determining
the structures of all phases and investigating the nature of the phase transitions. The measurements were made on the C5 spectrometer at the NRU reactor.
The monochromator was SI(115) and the neutron wavelength was 1.4676 A.
The highest temperature phase (phase I) exhibited a remarkable diffraction
profile. Only two discrete Debye-Scherrer peaks were observed; the remaining
scattering consisting of structured "background", indicative of pronounced
molecular disorder. Even the most intense, low angle Debye-Scherrer peak was
superposed on a strong, broad, diffuse peak.
Although the neutron profile
alone does not contain enough structural Information to determine the crystal
structure, when combined with the four peaks observed in an analogous x-ray
measurement (L. Harsanyi and L.S. Bartell, 1988 Powder Diffraction, to be
published) a possible model for the molecular disorder can be proposed.
All observed peaks can be indexed on the basis of a body centred cubic structure with a lattice parameter of 7.023(8)A.
In the proposed model for the
disorder the diagonals of the square carbon ring are parallel to the cubic
axes and six molecular orientations are superposed. The three atomic species
in the molecule (carbons, axial fluorines and equatorial fluorines) each
occupy their own Wycoff "j" sites in space group Im3m. Each puckered molecule
then gives a fractional occupancy of 1/6 to each atomic site and the six molecules fill all " j " sites. The model satisfies cubic symmetry, gives relative
intensities for the X-ray and neutron powder peaks in good agreement with
those observed, agrees quite well with the ratio of the discrete to diffuse
components of the low angle (110) peak observed by neutrons and satisfies the
requirement that atom-atom contacts between adjacent molecules should be close
to the normal van der Waals distances. Other possible models for molecular
disorder may be proposed and a more stringent test of the present model may be
made after more detailed neutron measurements have been completed.

7.12

Defect Structure in TiOx
S.M. Kim

Previous neutron diffraction profile measurements on TiOx at room temperature after various heat
treatments yielded the effective occupation
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number of oxygen atoms x e f f = 1.13 ± 0.01, (PR-PHS-P-4: 7.10; AECL-9680).
The combustion analysis showed that the composition of the specimen was
T1O
Ic c a n b e
1.11 ± 0.01» * #e * x = *'*! ± 0«°l'
shown that if antistructure atoms are present in TiOx its effect would be to increase the
effective occupation number xeff determined by neutron diffraction.
The
above neutron diffraction result and the combustion-analysis of the specimen
thus are consistent with a presence of total antistructure atom concentration
of (2 ± 2) atomic percent. Attempts have been made to describe the observed
defect structure in TiOx with a theory based on the pairwlse bonding model.
However, it was not possible to obtain a fit to the defect structure inferred
from X-ray, neutron and density measurements using the bonding model.
The
reason is not yet clearly understood.

7.13

Vacancy Properties in Doped p-LiA-ft
S.M. Kim

Some of the defect properties in binary alloys can be altered by the addition
of a third element.
In the case of ordered p-LiAJt, it was found that
replacement of 5 atomic % A-S- by In atoms increased the vacancy concentration
on the Li sublattice slightly, i.e. from 1.8% for stoichiometric LiA-H to 1.94%
in Li50A-&t»5ln5. When the AH atoms were replaced by Ag atoms, on the other
hand, the vacancy concentration on the Li sublattice was seen to decrease from
1.8% to 0.5% in Lib0A-^47Ag3 (K. Kishio and J.O. Brittain, Mater. Sci. & Eng.
h9_ (1981) 1). An attempt has been made to apply the pairwise bonding model to
the vacancies in doped LiA-fc.
It was found that it is possible to obtain
analytic expressions for various defect concentration in doped LiA£. These
coupled equations contain several unknown parameters (bond energies) and
neutron diffraction measurements are planned to help determine some of these
parameters.

7.14

Diffraction Topography from a Single Crystal Ingot of Gallium Arsenide
P. Martel

A cylindrical ingct of GaAs (7 cm long, 5 cm dia.) was examined by neutron
photographic diffraction topography at the E13 spectrometer (NRX) before and
after irradiation for 7 full power days in the J-50 rod position at NRU. The
results suggested a qualitative method for assessing ingot perfection.
Before irradiation the {004; topographs showed areas of varying intensity
superimposed on a generally decreasing intensity distribution extending
radially across the ingot. Topographs of adjacent {002} reflections exhibited
much more uniform intensity all the way across the diameter of the ingot.
Since the (002) is a very weak reflection we interpret the uniformity of its
topographs to be due to the fact that extinction effects are weak for
reflections with small structure factors. Nonunifortuities in the strong {OOA}
peaks therefore indicate possible regions of imperfection in the ingot.
After irradiation, loss of the reflected intensity came from those portions of
the {004} planes near the edges where neutrons were incident. This indicated
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greater penetration of the neutron beam and less extinction because crystal
perfection had been decreased by the irradiation.
Similar effects were observed for {440} reflections. Future experiments will
involve examination of ingots after they have been annealed at 850°C for 30
minutes - a procedure commonly exployed to restore crystal perfection.

7.15

Interaction of Superoxlde
tydylcholine (DPPCT

Dismutase

(SOD) with

Dipalmltoylphospha-

P. Martel with A. Petkau (WNRE)
SOD is a dimeric enzyme whose monomers are joined at hydrophobic surfaces when
the molecule is in an aqueous environment. Since SOD is believed to lodge in
the membranes of blood cells, it has been postulated that when this happens
the dimer may separate into its monomeric components with the hydrophobic
portion of the monomers in contact with the hydrophobic lipid tails of
membranes. The remainder of SOD molecule could then be partially embedded in
the polar head group region of the membrane.
In order to test this postulate a sample of SOD in DPPC was prepared.
consisted of 15 mg of SOD in 1 g of DPPC, all mixed with 30 wt% H2O.
control sample of 1 g of DPPC with 30 wt% H2O was also prepared.

It
A

The small angle diffraction pattern from these samples was measured with a 13
element detector at the N5 spectrometer (NRU). What was anticipated was that
the usual diffraction peaks corresponding to a 65 A Bragg repeat spacing would
be observed in both samples. These were observed. Then when the entire peak
profile from the control sample was subtracted from the sample with SOD,
excess scattering at very small angles should be observed. This excess scattering should correspond to small angle scattering from monomers or dimers, or
both.
Instead what was observed was a deficiency rather than an excess of
scattering in a region extending out to a Q of 0.1 A" .
A preliminary interpretation is that either the SOD became denatured by the
specimen preparation procedure, which involved heating to « A5°C, or else the
interaction of the protein with the membrane is strong enough that unpaired
membrane layers are prevented from forming in the presence of the protein.
These unpaired membranes normally diffract strongly at low angles. Further
experiments are planned to examine these and other possibilities.

7.16

Fractal Analysis of Small Angle Neutron Scattering (SANS) from Thoria
Colloids
P. Martel

SANS data from thoria colloids have previously been analyzed (PHS-PR-2: 7.14;
AECL-9260) assuming a gaussian distribution of particle sizes. Another type
of analysis assumes colloidal silica particles to be fractal scale Invariant
objects with a fractal dimension, D, of a 2.0 (D.S. Cannell and C. Aubert, in
"One Growth and Form" edited by H.E. Stanley and N. Ostrowsky, M. Nijhiff,
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publishers, Boston, 1986, p. 187).
Since the density-density correlation
function g(r) is related to D by g(r) « rD~^, this implies that g(r) * 1/r.
For our analysis we have assumed I(Q) = J F ( Q ) | 2 . S(Q) where F(Q) is a form
factor for the basic fractal unit and S(Q) Is an interparticle form factor.
(Q is the wave vector transfer). For LF(Q)1 a Gulnier type of form factor
was utilized, i.e. F(Q)J = exp(-ro Q /3) where r 0 Is the radius of gyration
obtained by assuming that the basic formula unit (determined by H2O/D2O
contrast measurements to have a volume of 77 A ) is spherical. This assumption yielded ro = 2.05 A. For S(Q) we adopted the form previously utilized by
Cannell and Aubert (supra vide) for silica colloids. This is S(Q) = S(0)/(l +
Q Rr/1.5D)^'2, where R@ is an average radius of gyration of the colloids
and S(0) is the value of S(Q) at Q = 0. A least squares fit to our SANS data
gave D values ranging from 3.1 to 4.2. The quality of the fits was not significantly different from that in our previous analysis which assumed a gaussian
distribution of particles sizes.
Our large values for D signify that thoria colloids do not have the same
fractal properties as silica colloids. Values for D greater than 3, as we
appear to find, imply the physically unrealistic conclusion that correlations
Increase with distance "r" between fractal units.
This implies that the
fractal analysis does not apply to these thoria colloids.

7.17

Small Angle Neutron Scattering (SANS) measurements on Neurotoxln at
the McMaster Nuclear Reactor (MNR)
P. Martel with F.R. Hallett (Guelph University) and J. Avelar (McMaster
University)

Previous SANS measurements on cobra neurotoxin (F.U. Ahmed and P. Martel,
AECL-9185 (1986)) indicated, a radius of gyration, Rg, of 12.2 + 0.02 A at a
concentration of 8 g/A in H2O. The radius of gyration calculated from x-ray
diffraction measurements on a single crystal (M.D. Walkinshaw et al. Proc.
Nat. Acad. Sci. U.S.A. T]_ (1980) 2400) is 13.5 A.
In order to check our
measurements it was decided that SANS measurements should be carried out at
lower concentrations since high concentrations tend to lower the apparent
value of Rg because of interference effects. The usual experimental procedure Is to obtain apparent R,'s for at least three concentrations so as to
be able to extrapolate to the low concentration limit.
An 8 g/A sample was therefore sent to MNR and
then diluted by a factor of two, twice, In order
g/X. The resulting data were sent to CRNL and
A) of 48.5 ± 5.1, 26.4 ± 5 . 9 and 32.2 ± 7.6
solutions, respectively.

this sample was measured and
to obtain data at 4 g/A and 2
our analysis yielded Rg's (in
for 8 g/JL, 4 g/X and 2 g/Z

The reasons for the large MNR values are unknown at this time. It should be
noted that in the most favourable case (8 g/X solution) the signal to fast
neutron count ratio was £ 5, compared to values typically > 100 at CRNL. This
high background accounts in some measure for the large errors on the Rg values
obtained from the MNR data.
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Periodicity of Haldane Gap Mode In CsNiC£3
Z. Tun and W.J.L. Buyers with R.L. Armstrong (University of Toronto)
and D.P. Arovas (University of Chicago)

The periodicity of the Haldane gap mode in antiferromagnetically coupled
CsNiC&3 has been studied in a neutron scattering experiment.
The mode
frequency (circles) and peak width (shaded area) observed between the magnetic
zone centre, T) = 1, where the interspin phase Is n, and the adjacent nuclear
zone centre, ri = 2, where the phase difference Is 2u, are shown in Fig. 7.1.
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Fig. 7.1. The spin wave frequency and width beyond the magnetic zone boundary
(TI • 1.5) in the one-dimensional phase.
The solid curve is the dispersion expected for a classical Heisenberg antlferromagnet with a Neel broken-symmetry ground state in which a fictitious gap of
0.22 THz has been assumed so as to simulate the HalJane gap of the S = 1
quantum chain.
The dashed curve is the first-moment of S(Q,w) recently
predicted for Integer spin chains by Arovas et al. (Phys. Rev. Lett. ^ £ (1988)
531) based on the exactly solvable model that gives the valence-bond solid
(VBS) ground state.
In the VBS model, which is believed to be a good
representation of the Heisenberg coupling in CsNlC^3, there is no broken symmetry. Thus the dispersion of the spin excitations will have a period of 2ft
instead of the n periodicity of the broken-symmetry Neel state. The down turn
of the frequency beyond rj - 1.5 contrasts with the first moment of the exactly
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solvable model which reaches a maximum at n = 2.
This is not necessarily
inconsistent with the calculated first-moment, for the spectrum beyond TI = 1.5
is known to be a broad continuum that may contain spectral weight at high
frequencies compensating for the weight in the low frequency peaks observed in
the experiment. We note further that the width of the mode is broader in the
nuclear zone than in the magnetic zone suggesting that the excitations in the
nuclear zone may be of multi-magnon character and hence fundamentally
different from those observed in the magnetic zone.
Since the spectral
function is thus different at t) = 1 and T> = 2 our results are consistent with
the spin wave periodicity 2n characterizing a disordered or non-brokensymmetry ground state.

7.19

Neutron Diffraction Study of Random Field Effects in Dy(As,V)Oi»
D.R. Noakes and W.J.L. Buyers with D.R. Taylor and J.T. Graham (Queen's
University)

The disorder induced by adding a small amount of vanadium to DyAsOi* is
believed to make its structural Jahn-Teller instability analogous to that of a
magnetic random field system, causing, among other things, finite distortedstate domains whose sizes are controlled by the alloy disorder. We have now
performed neutron diffraction studies
of three single crystal samples of
Dy(AsxV1_x)Oit, with x = 0.995, 0.984 and 0.950.
Complicated patterns of
multiple peaks below the respective distortion temperatures (near 8 K) appear
to be explicable in principle by various arrangements of <110> domain walls in
the orthorhombic state established for both end point phases on the alloy
line. Broadening of the individual resolved Bragg peaks below the transition
temperature is probably due to random fields, but the possibility of a contribution by strain near domain walls is still being investigated.

7.20

The Neel Transition in Cr-V Alloys
D.R. Noakes and T.M. Holden with P.C. de Camargo (Univ. Federal de Sao
Carlos, Brazil), E. Fawcett (University of Toronto) and P. de V.
DuPlessis (Rand Afrikaans University, S. Africa)

While pure chromium undergoes a first order antiferromagnetic transition,
thermal expansion measurements have indicated that the addition of small
amounts of vanadium or molybdenum make the Neel transition continuous. A
neutron diffraction study of a single crystal of Cr(0.5%> V) showed no
discontinuity in magnetic Bragg satellite Intensity at the Neel temperature,
Tty * 254 K, that would indicate a first order transition.
Complicated
behaviour of the satellite intensities near the transition temperature is
attributed to inhomogeneous strain in the sample. Such strain is known to be
able to mask the first order nature of the transition in pure chromium, and
might be doing so here. The satellite intensity showed a linear temperature
dependence over a surprisingly wide range (at least 100 K) below T N .
We
will soon extend the measurements to a single crystal of Cr(0.21 V), and to
field cooling to produce a single-domain state.
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7.21

Paramagnetic Spin Dynamics In UA*2
W.J.L. Buyers, D.R. Noakes and T.M.
National Laboratory)

Holden with

A. Arko

(Argonne

Preliminary triple-axis neutron scattering data have been obtained at room
temperature and 77 K on a single crystal sample of this ".pin fluctuation"
material, for which bulk probe measurements indicate strong ferromagnetic
correlations, but which remains paramagnetic down to 80 mK.
The magnetic
scattering is weak, and extends over a wide frequency range. Further neutron
scattering measurements are planned.

7.22

Progress In Texture Analysis
J.H. Root

The crystallite orientation distribution function (CODF) can now be calculated
from Bragg peak intensity pole figure data for samples with hexagonal crystallographic symmetry.
This augments the CODF for cubic materials reported
previously (PR-PHS-P-4: 7.14; AECL-9680), and is essential for analysis of
texture in zirconium alloys and other hep materials employed by industry. A
series of experiments have been completed to verify that the Chalk River CODF
analysis package yields results that are equivalent to those available from
other labs, for known samples. We have also compared the results obtained
from samples for which the data were collected by both neutron and X-ray diffraction, and the neutron method is seen to yield expansion coefficients with
twice the certainty (i.e. half the error bars) attainable from the X-ray
method.
Further development of software is required to remove false detail
(at the 10% level) from the reconstructed CODF, and to incorporate the CODF in
the industrially significant polycrystalline averaging of single crystal
properties.
These include the calculation of average Taylor factors and
R-values for problems in plastic deformation, the calculations of the stress
field giving rise to macro-strains determined by neutron diffraction (under
the Reuss approximation), and the calculation of magnetic susceptibility of
soft magnetic materials.

7.23

Software Development for Single-Crystal Diffraction Experiments
Z. Tun and B.M. Powell

A program to control the kappa-diffractometer (PR-PHS-P-4: 7.23; AECL-9680) in
a typical single-crystal neutron diffraction experiment has been written and
tested on the NSSP spectrometer control system at the NRU reactor.
The
program allows the user to perform scans at preselected Bragg positions and
stores the peak profiles on the host computer along with experimental details
such as scan direction, step size, sample orientation, etc. for each scan. In
this first version of the program, location of the Bragg peaks (up to 15)
required to determine the crystallographic orientation of the sample prior to
Intensity measurements must be done manually. This procedure will be automated in the near future.
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7.24

Multi-Detector Screen Editor Program
R. Donaberger

The full screen Master Card editor program has been updated to Include both
the 13 and 30 element detectors. The formats employed are comparable with the
existing angles scan modes. All new parameters have been defined In the help
commands.
The six new modes for the multi-element detector scans are
documented and can be accessed on the video terminal at any time.
7.25

T3 Neutron Spectrometer
D.C. Tennant, P. Martel and J.H. Root

Initial testing of the T3 neutron spectrometer started on 1988 April 19. A
mica monochromator was Installed to reflect 4.0 A neutrons for SANS experiments. Higher order neutrons were removed with a Be filter placed between the
monochromator and the specimen.
Software was developed for an IBM PC/XT to
collect data from a 60 cm linear position-sensitive detector.
Data were
collected in 20 minutes from a membrane specimen (DPPC) that would require
several hours using a conventional triple-axis spectrometer with a single
detector. Improvements are planned to the main drum shielding to reduce both
the gamma and neutron leakage radiation.

7.26

L3 Spectrometer
H.F. Nleman with C. El Minyawi and R. Hampel (Mechanical Design Branch)

The L3 spectrometer was dismantled and modified in order to extend the
variable drum range and increase the diffracted beam height (PR-PHS-P-3: 7.31;
AECL-9503). The new variable diffracted beam range (26m) is 0 - 126° (45° 126° previously). The beam height is 9.5 cm at the monochromator position and
the new diffracted beam soller slit collimator in the drum is 67.3 cm long and
7.4 cm high (5.1 cm high previously).
The yoke and main spectrometer gate were removed and modified at this
time in order that a cold neutron filter (in the manufacturing stage) can be
installed at a later date without dismantling the spectrometer. The analyzer
and specimen platform were modified in order to Increase the vertical distance
between the specimen table and the centre of the diffracted beam. This will
permit easier access to large cryostats (dilution refrigerator and horizontal
field types) and allow large specimens such as pipelines to be installed
directly.
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7.27

Reactor Beam-Hole Use
H.F. Nleman

The total NRU operating time was 138 days. The Guelph University spectrometer
operated for 92% of the available reactor operating time.
The McMaster
University facilities remained shut down. Utilization of the other occupied
beam holes was as follows:

Beam
Hole

C4

No. of
Experiments

No. of
Participating
CRNL Scientists

6
11
2
13

9
14
6
12

*The L3 spectrometer was
report).

shut

C5

*L3
N5

7.28

No. of
Participating
Non-CRNL
Scientists

Efficlancy
(% of Available
Reactor Operating
Time Used for
Experiments)

3
11
2
9
down

for modifications

90
98
58
98
(see
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Z80 General Purpose Interface Board
M. Montaigne and M. McKendry

The Z80 Interface board developed by M. Montaigne is being evaluated and/or
used by H. Llcht (NDT Development), J. Beattie (Environmental Research),
D. Bullock (Thermalhydraulics), R. Howard (Nuclear Miysics) and others for
various tasks. M. McKendry has made significant improvements to the existing
basic interpreter and monitor program. The system can now be developed and
tested entirely from an IBM PC. A user manual is being prepared.

7.29

NIM Bin Count Inhibit Modules for Neutron Spectrometers
M. Montaigne and M. Potter

An improvement has been made to the count inhibit module. The front and rear
panels, the PC board, and a complete documentation package including schematic
diagrams and parts list have been completed. A prototype has been built and
tested and eight new modules are being manufactured.
7.30

Universal Motor Encoder Board for Dualspec
M, Montaigne and M. Potter

The design for a universal motor encoder board to be used for the dual beam
neutron spectrometer (DUALSPEC) has been completed.
The PC board Is being
designed and a prototype will be built and tested in the near future.
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7.31

Time Scale of Deuterium Ingress by Tritium Dating
M.A. Lone with C.E. Coleman (Materials and Mechanics Branch)

The technical feasibility for determination of the time scale of deuterium
ingress in CANDU pressure tubes from build-up of tritium in the tube was
investigated. These studies indicate that the method can distinguish between
a continued ingress versus an abrupt onset.
Various techniques for
measurement of the tritium/deuterium ratio were evaluated and tests are in
progress to evaluate the feasibility of measuring tritium and to provide proof
of principle for the technique.

7.32

A Tailored Light Pulser for Simulations of Scintillation Pulses
M. Montaigne and M.A. Lone

An L.E.D. pulser was built and tested for simulations of pulses from scintillators with decay times from a few nanoseconds to microseconds. The pulser
has a variable frequency range of 1 pps to 50 kpps, a continuously variable
light output and a selectable decay time or pulse width from 5 ns to 1.5 us.
Tests showed a very good reproduction of pulses from a particle induced pulses
in 0.01 cm thick BC 404 fast plastic and y-ray induced pulses in a Nal
crystal.
The variable amplitude and pulse shape is ideal for tests of the
linearity and dynamic range of scintillation detector systems.

7.33

Sudbury Neutrino Observatory
E.D. Earle with
Collaboration

G.

Milton

(Environmental

Research Branch) and SNO

The SNO proposal (SNO-87-I2) has been reviewed by an international scientific
and technical review committee.
Its report will be submitted to the
presidents of NSERC and NRC in July and to the US and UK funding agencies.
The collaboration membership has increased, primarily by the addition of a
group from the University of Pennsylvania headed by Dr. Gene Beier.
This
group is also collaborating in the Japanese Kamiokande light-water Cerenkovdetector experiment.
Members of th<? collaboration continue to work on the many details of the
project.
If particular, PMT testing, Monte Carlo simulations, acrylic
testing, water purification, electronic and civil design and background calculations. INCO has completed its geotechnical survey of the proposed site and
has found it unsuitable because of localized high stresses in the norite.
INCO is now drilling a further 60 m where another survey will be carried out.
Details -..f work performed since the preparation of the proposal (SNO-87-12)
are contained in a proposal-update document.
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7.34

Trace Analysis for Th and U In Acrylic
E.D. Earle and R.J.E. Deal with G. Milton (Environmental Research
Branch), N. Elliott (General Chemistry Branch) and J. McLaren (National
Research Council)

Significant progress has been made In the measurement of Th and U In acrylic
since the publication of the SNO proposal (SNO-87-12).
An examination of
annex-14 In that proposal will reveal that concentrations of Th ard U might
vary by two orders of magnitude between different samples or perhaps that
there is a large uncertainty between various measuring techniques or that the
handling procedures have introduced additional quantities of Th and U. Since
the preparation of annex-14 we have successfully made a Thermal Ionlzation
Mass Spectroscopy measurement at CRNL., two alpha—counting measurements at CRtTL

and three Inductively Coupled Plasma Mass Spectroscopy measurements at NRC,
all on material from the same sheet of Polycast acrylic. All give the same
concentrations cf Th and U, as summarized in the Table.
(None of these
results were available during the preparation of the proposal. One piece was
cut with a band saw instead of a laser cutter).

Th and U in Polycast Material
Acrylic
Vaporized
(kg)

Th
(Pg/g)

Thermal Ionization
Mass Spectroscopy
at CRNL

2.6

4 .5 ± 0.2

Inductively Coupled
Plasma Mass
Spectroscopy at NRC

3.7
1.3
2.63
2.65

Method

Alpha Counting at
CRNL

11.6

10.6
9^9

232

10 .6
3 .7
2 .8
4 .5

±
±
±
±

0.2
1.8
0.1
0.8

238

u

(Pg/g)

4.6
1.1
1.3
0.9

±
±
±
±

0 .1 (band saw)
0 .1
0 .1
0 .1

5 .1 ± 1.
4 .4 ± 1. ( 2 2 8 Th)*

1.0 ± 0 .3

( 23 °Th)*

2 .0 ± 1.
2.2 ± 1. ( 2 2 8 Th)*

0.8 ± 0 .3

(23°Th)*

O QQ

Assumed
Th or
U concentration from measured decay of the daughter
indicated in parenthesis.
232_
These J^ults demonstrate that we now have several techniques to measure
Th
and
U in acrylic and that we can check the decay chains for
disequilibrium. An acrylic vessel made from this material would have about
twice the Th background and half the U background assumed in the Monte Carlo
simulations of detector backgrounds presented in the proposal. Such material
would still be acceptable for our experimental program.
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7.35

Shielding Calculations for the SNO Detector
E.D. Earle with P.Y. Wong (Mathematics and Computation Branch)

In anticipation that the SNO collaboration will seriously consider modifying
the current acrylic vessel design from a 5 m radius right-cylinder with
spherical ends to a spherical shape, shielding calculations have been carried
out for a 6 m radius sphere contained in the same- 10 m radius norite cavity.
While the waist of the vessel is closer to the walls, the background from the
norite and stainless steel liner is only increased by i factor of about 2 and
since these backgrounds are small in comparison to backgrounds from PMTs, H2O
and acrylic, they do not preclude the possibility of switching over to a
spherical vessel design.

7.36

Neutron Spectrometer Diffracted Beam Colllmator Extension
G.A. Sims, H.F. Nieman and P. Martel

The 39 collimator plates for this unit were made from 0.005" (0.127 mm)
tempered spring steel. This material proved more difficult to prepare than
stainless steel because much care was needed to avoid producing rust spots
during the cleaning procedure prior to coating.
All plates and extension
frame surfaces that will be exposed to the neutron beam were uniformly coated
with a layer of Gd2O3 in its acrylic carrier. This colllmator extension will
be installed in the L3 beam hole.

7.37

High Voltage Mass Separator (HVMS)
G.A. Sims with J.D. Bonnett (Physical Chemistry Branch)

Two commercial contracts were successfully completed on the HVMS.
These
implants were the first to be carried out on the accelerator since It was
restored to operation.
197
The first contract was for ion implantation of
Au at 300 kV. A total ojj
170 targets (mineral, .grains) were implanted at rastered dosages of 1 x 10
atoms/cm and 5 *10
atoms/cm . Machine operation was interrupted during
these implants by burned-out ion source filaments. Their replacement was more
frequent than previously experienced and the problem will be studied at a
later date.
The second,commercial contract was for implanting 16 substrates (Zr, ZrO2
Si) withg
F,
Fe ^nd
Fe p 0 0 kV) at two rastered dosages, 1 * 10
atoms/cm and 1 x 10
atoms/cm . The HVMS functioned very satisfactorily for
these implants.
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Ion source and beam development are under investigation for special implant
requests that introduce new technical problems.
It appears that the moth-balling of the HVMS for 18 months has contributed to
a turbo-molecular pump problem. Three of the four pumps associated with the
vacuum system had to have main bearings replaced in the last six months. Some
of these pumps required only one set of bearings replaced in the previous 12
years of continuous operation.

7.38

Position-Sensitive Neutron Detectors (PSD)
G.A. Sims, J.J.-P. Bolduc, D.C. Tennant, H.C. Spenceley and
J.G.V. Taylor

Significant progress has been made with position-sensitive neutron detectors.
The prototype shell (PR-PHS-P-3: 7.38; AECL-9503) has been tested with two
anode arrangements, six 25 \m wires at 8 mm spacing and thirteen 25 pm wires
at 4 ram spacing. The six wire counter gave good energy and spatial resolution
with He + He + 450 kPa Ar operated at 1900 V bias. Spatial resolution was
tested with a collimated neutron beam at the NRU reactor. The 13-wire counter
did not give good energy resolution with He + He 3+ Ar. It gave adequate
energy resolution and good spatial resolution with He + He + 200 kPa CFi*
(Figure 7.2) but with less gas gain than the Ar filling even at 2900 V bias
(only six wires In the centre of the counter were tested).
To wind 15 |im anode wires it was necessary to modify the grid winder by
replacing the 100 g wire-loop carriage with a much lighter one (17 g)
constructed with nylon pulleys and a light A£ frame.
Following successful tests of the A-% PSD we are proceeding with a stainless
steel model. It incorporates new welded 6-pin feedthroughs and He-tight metal
o-rlngs which eliminate all elastomer and In seals.
Gases liberated from the FR4 (G10 rated) glass fibre anode boards contribute
to the poisoning of a detector filling within a few days. This effect has
been much reduced by alternately baking the boards at 50°C and sealing the
machined surfaces with an ultra-high vacuum silicone resin. As a long-term
solution to this problem a continuous gas purifier is being constructed to
remove electronegative contaminants.
It consists of a stainless steel
cylinder containing sorbants that can be regenerated and a bellows pump. It
will be connected directly to the detector and will operate at detector pressure (£1.3 MPa).
Work Is in progress on a new all stainless steel filling station. It incorporates several improvements based on experience with the present system.
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Spatial Resolution
4am •pacing ai 2900V

Fig. 7.2 Spatial resolution of a PSD with 4 mm anode wire separation as
measured with a 1 mm wide collimated thermal neutron beam.
7.39

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

Two HP-7 type detectors filled with 650 kPa He and 250 kPa Ar were delivered.
Some detectors showed a pronounced slope on the high-energy side of the peak
indicating wire regions with higher than normal gas gain. This problem was
solved by cleaning the wires with a reverse bias of -2000 V for a few minutes.
Two stainless steel cathodes were coated inside by Chemical Engineering Branch
with a baked-on activated charcoal/Teflon layer (« 34 mg carbon with an active
area of * 1000 m .g" ) . The carbon serves to adsorb impurities from the
filling gas and tests indicate that a cleaner spectrum can be obtained in a
shorter time.
This property may be useful if polyatomic gases with
undesirable dissociation products are used in future fillings.
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An HP-4 (3-wlre) detector with no Interior dividers was tested.
The outer
wires showed higher gain than the centre wire because they have a better field
distribution. In practice the gains can be equalized electronically.
A mixe-/router system, computer and computer Interface has been ordered
upgrade the multichannel analyzer (MCA).
This will allow the MCA
accumulate four spectra simultaneously and transfer them to the computer
analysis. Tv
-omputer will run MCA data acquisition routines which must
be entered manually.

7.40
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to
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Large-area Membrane Sources
M. Yoshida, R.H. Martin and J.G.V. Taylor

Tests of these sources (PRji»|HS-P4: 7.45; AECL-9680) were concluded with
measurements of
Cs and
Tl to complete the range of beta energies
studied. Tests on two very large sources (500 x 200 mm) and one large source
(180 x 140 mm) were satisfactory with the activity per unit weight giving a
standard deviation of ±0.3 to ±0.7% and per unit area of ±3.6% to ±4.0%.
These results indicate a variation in film thickness similar to that found
earlier for small sheets.
12b
7.41

International Comparison of

I Activity

R.H. Martin and J.G.V. Taylor
This full-sale BIPM-sponsored comparison follows the successful trial comparison made last year (PR-PHS-P-4: 7.44; AECL-9680). Ampoules of
I solution
were supplied by the or-.:1 (National Office of Measures, Budapest). Ge detector
measurements revealed no gamma-ray emitting impurities (<0.02% 20-100 keV, <
0.01% 100-1000 keV). Tests showed adsorption of activity on the ampoule walls
to be < 0.001%.
Careful tests have been made to determine the effects of
discriminator settings for x-x coincidence countings.
Measurements are
continuing.

7.42

A New Measurement of the 121.26 keV Gamma Ray Emission Probability In
the Decay of
Pm
R.H. Martin and J.G.V. Taylor

AECL is a major commercial supplier of 2.6a
Pm. This radionuclide decays by
P~ emission but also emits a 121.26 keV gamma ray of very low intensity, about
3 in every 10 decays.
Since the convenient way of assaying
Pm is by
measuring this gamma ray It was of commercial interest to repeat the
measurement of its emission probability made here 18 years ago and, if
possible, obtain a more accurate value.
The gamma-ray emission rates of
sources prepared from a recently standardized
Pm solution (PR-PHS-|^4:
7.46; AECL-9680) were compared with gamma-ray rates from standards of
Co
(122.06 and 136.47 keV) and
Cd (88.03 keV) with our new wide-range Ge
detector (PR-PHS-P-4: 7.47; AECL-9680).
As shown in the table below the
result confirms the 1970 measurements and has a smaller overall uncertainty.
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Py * 10

Reference

2.721 ± 0.035
2.73 ± 0.09*
2.93 ± 0.14

Martin and Taylor (1988), this work
Mowatt and Merritt (1970), C.J.P. _4£, 453 (AECL-3498)
McConnon (1971), Int. J. Appl. Rad. Isot. ^ 2 , 253

*The uncertainty has been reduced from ± 0.18 as originally quoted to
correspond to the current BIPM recommended convention of combining Type A
(statistical) and Type B (systematic) uncertainties in quadrature both
estimated at the 1 standard deviation level.
The P" branching to the 121.26 keV level is calculated to be 5.5 ±0.1 * 10"J
for an internal conversion coefficient of 1.01 ± 0.02.

7.43

International Comparison of

Se Photon Emission Probabilities

R.H. Martin and J.G.V. Taylor
This comparison was organized by the Spectroscopy Working Group of the ICRM to
get better values for the relative and absolute gamma^ray emission probabilities following the 120-d electron-capture decay of
Se.
A study of this
radionuclide was requested by the IAEA Coordinated Research Programme on the
Measurement and Evaluation of x- and Gamma-ray Standards for Detector Calibration [IAEA report, INDC(NDS)-196/GE (1987)].
This nuclide emits prominent
gamma rays from 66 to 401 keV, a region of rapid and difficult-to-calculate
changes in efficiency for many Ge spectroscopy systems. Our wide-range Ge
detector (PR-PHS-P-4: 7.47; AECL-9680) Is well-suited to these measurements
and the results of the comparison should provide us with improved efficiency
calibrations. The comparison sources of 0.55 and 2.2 MBq were provided by the
OMH (Budapest). Our measurements were made at a nominal source-to-detector
distance of 20 cm to keep low the corrections for coincidence summing. These
were calculated for all cascades and amounted to 0.5-2.0% for some of the
prominent transitions.
Corrections were also made for source mount
attenuation and differences in geometry as well as detector efficiency. For
the (121-280) keV and (136-265) keV cascades corrections for angular
correlations were calculated from the measurements of Speidel et al.(Nuc.
Phys. A115 (1968) 421).

7.44

Standards Issued
R.H. Martin

(a)

Standard Sources (by Branch)

9Q Mn

-

Sr
{^
Cs
Eu

General Chemistry
Radiation & Industrial Safety
Radiation & Industrial Safety
Radiation & Industrial Safety
Fuel Materials

(1)
(15)
(4)
(5)
(1)
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(b)
\L?
Pm

Standard Solutions (by Branch)
-

Radiation & Industrial Safety
System Chemistry & Materials

- General Chemistry
- Doslmetrlc Research
_. ,Pu - Doslmetrlc Research
Am - Doslmetrlc Research

239

(c)

(5)
(2)

(1)
(1)
(1)
(1)

Special Standards (Included In (a))

Four
Ba-ln-carbon sources were prepared for Radiation & Industrial Safety
Branch for use In calibrating a Nal detection system used t a , measure
radioiodine In charcoal filters (PR-PHS-P-4: 7.49; AE.CJj-9680).
§a ISL a
long-lived nucllde that closely simulates short-lived
I. Fifteen
Sr+ Y
aluminum strip (line) sources were prepared for Radiation and Industrial
Safety Branch for use In the calibration of hand and foot monitoring
equipment.
7.45

Ge Detector Servicing
J.J.-P. Bolduc

Efforts to restore a failed Ge detector for Instrumentation and Control Branch
were unsuccessful. A valve operator was made for this cryostat to be loaned
to a detector manufacturer who will attempt to restore the Ge crystal.
Detectors were repaired for System Chemistry and Materials and General
Chemistry Branches. A broken Be window on a Fuel Engineering Branch detector
was repaired but it appears that a cooled FET was destroyed by the accident
and will have to be replaced.
J.J.-P. Bolduc attended a week-long course on Ge detector systems at E.G. &
G. Ortec, Oak Ridge, Tennessee.
7.46

Glassblowlng Laboratory
D.A. Doering

Major jobs completed during the period are grouped by branches as follows:
Chemical Operations (

99
Mo Production)

Two hundred and seventy-two alumina columns, fifty two ball joint connectors
and thirty-four product recovery headers were fabricated.
Fuel Materials
Forty-eight glass vials were constructed for continuing iodine stress
corrosion cracking tests on irradiated specimens of Bruce fuel sheathing.
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Chemical Engineering
A number of quartz vacuum cyclones were assembled to investigate the feasibility of sulphur recovery.
Various styles of glass accelerator bodies were fabricated
suggested by Unit 2000.

for experiments

General Chemistry
Major modifications were made to the D2/H2 analytical gas line to allow more
flexibility in the analyses.
Four offset glass chimneys were built to allow a new isotope separator to be
installed in a fumehood.
Environmental Research
Six double-walled quartz furnace tubes were constructed for the volatilization
of lead samples.
Neutron and Solid State Physics
Three quartz furnace tubes were made for the Sudbury Neutrino Observatory
Project, to reduce acrylic samples to ash for a-particle analysis.
Mechanical Equipment Development
Three 12 m-high glass test rigs were assembled in the tower of Building 456 to
acquire design data for Slowpoke Reactor System safety valves.
Commercial Work
Four custom-made flasks were supplied to Falconbridge Ltd.
A significant
fraction of the work listed above was for commercial contracts undertaken by
the various branches. A brochure Is in preparation describing the CRNL glassblowing capabilities for potential customers.

7.47

Mechanical Laboratories
H.C. Spenceley and A.H. Hewitt with R. Frew (Nuclear Physics Branch)

During the period work completed in the Building 116 laboratory was divided
approximately as follows: TASCC Phase II installations (R. Frew), 50%; neutron detectors and components, 25%; MARS (mostly scintillators and light
guides), 10%; condensed matter physics apparatus, 10% and glassblowing apparatus, 5%.
Major projects undertaken in the Building 459 laboratory included three
specimen mounts for use in the M-2 cryostat. Several adapter spacers to allow
easy exchange between various cryostats were designed and manufactured. Work
was completed on the horizontal focussing monochromator.
Several jobs
Including a new target holder were completed for the L3 facility.
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7.48

Publications and Lectures

PERFORMANCE OF A COOLED SAPPHIRE AND BERYLLIUM ASSEMBLY FOR FILTERING OF
THERMAL NEUTRONS
D.C. Tennant
Rev. Sci. Instrum. 59(2) (1988) 380
SPIN WAVE POLARIZATION IN SINGLE DOMAIN URANIUM SELENIDE
K.M. Hughes, T.M. Holden, W.J.L. Buyers, M.F. Collins and P. de V. DuPlessis
Journ. of Applied Physics 6\_ (1987) 3412
NATURE OF ULTRAVIOLET AND GAMMA RAY DAMAGE IN CRYSTALLINE URACIL
P. Martel, B.M. Powell and M.A. Slifkin
Rad. Effects JK)6_ (1988) 151
NEUTRON DIFFRACTION MEASUREMENTS OF THE RESIDUAL STRAIN STATE OF A TUBULAR
T-JOINT
T.M. Holden, J.H. Root, R.A. Holt and G. Roy
Proceedings of the 7th Int. Conf. on Offshore Mechanics and Artie Engineering
OMAE 88 Vol. 3, p. 127
AXIAL STRAINS AT A GIRTH WELD IN A 914 MM LINEPIPE
T.M. Holden, B.M. Powell, S.R. MacEwen and R.B. Lazor
Proceedings of the 2nd Int. Symp. on Nondestructive Characterization of
Materials, Montreal. Eds. J.F. Bussiere, J.-P. Monchalin, C O . Ruud
and R.E. Green Jr. (Plenum Press, New York 1987) p. 625
RESIDUAL STRAINS IN ROLLED JOINTS
S.R. MacEwen, T.M. Holden, R.R. Hosbons and A.G. Cracknell
Proceedings of the American Society of Metals Conference on Residual Stress.
Edited by W.B. Young (ASM Intenational 1987) p. 183
VACANCY PROPERTIES IN ORDERED CoGa and FeAJl
S.M. Kim
J. Phys. Chem. Solids ^9 (1988) 65
RESIDUAL STRAINS IN GIRTH-WELDED LINEPIPE
S.R. MacEwen, T.M. Holden, B.M. Powell and R.B. Lazor
AECL-9386 (1987)
METHODS OF PRODUCING SINGLE-Q DOMAINS IN CHROMIUM
E. Fawcett, T.M. Holden, B.K. Muir and P.C. de Camargo
Progress in Experimental and Theoretical Physics Vol. JM (1? '3> 379
NEUTRON SCATTERING STUDIES OF THE MAGNETIC STRUCTURE AND DYNAMICS OF DILUTED
MAGNETIC SEMICONDUCTORS
T.M. Giebultowicz and T.M. Holden
Semiconducting and Semi metals, Vol. 25. Edited by J.K. Furdyna and
J. Kossut (Academic Press, New York, 1988)
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THE SUDBURY HEAVY WATER NEUTRINO DETECTOR
W.F. Davidson, E.D. Earle & SNO Collaboration
2nd Symposiun on Underground Physics, Baksan, USSR,
1987 August. SNO-87-11

Lectures

NEUTRON DIFFRACTION AND TEXTURE MEASUREMENT AT CHALK RIVER
J.H. Root
Kingston Research and Development Centre, Alean International Ltd.
Kingston, Ontario, 1988 January 18
NEUTRON DIFFRACTION MEASUREMENTS OF RESIDUAL STRAIN IN ENGINEERING COMPONENTS
T.M. Holden
1988 Metallurgical Society, Phoenix, Arizona, 1988 Jan. 24-28
SUPERFLUID HELIUM - A MOST FASCINATING MATERIAL
E.C. Svensson
Department of Physics, University of Waterloo
Waterloo, Ontario, 1988 February 11
NUCLEAR POWER
E.D. Earle
Public Affairs talks to 8 highschools in St. John's, Nfld.
1988 Feb. 13-19
THE CONDENSATE SAGA
E.C. Svensson
Department of Physics and Astronomy, State University of New York at Buffalo,
Amherst, New York, 1988 February 23
MEASUREMENTS OF PARITY VIOLATION WITH POLARIZED EPITHERMAL NEUTRONS
A.B. McDonald, K.P. Coulter, G.D. Cates, W. Happer, D.R. Benton,
T.E.Chupp, J.D. Bowman, C D . Bowman, V. Yuan, J.J. Szymanski
and E.D. Earle
American Physical Society Meeting, Baltimore, Maryland, U.S.A.
1988 April 18-21
PRODUCTION OF NEUTRON POLARIZATION WITH A POLARIZED 3He SPIN FILTER
K.P. Coulter, A.B. McDonald, G.D. Cates, W. Happer, D.R. Benton,
T.E. Chupp, J.D. Bowman, C D . Bowman, V. Yuan, J.J. Szymanski
and E.D. Earle
American Physical Society Meeting, Baltimore, Maryland, U.S.A.
1988 April 18-21
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NONDESTRUCTIVE EVALUATION OF CERAMICS BY NEUTRON DIFFRACTION
J.H. Root
Ceramics Department, Penn State University, U.S.A., 1988 April 14
NUCLEAR POWER
E.D. Earle
Public Affairs talks to 8 hlghschools In Central Newfoundland
1988 April 15-22
NEUTRON DIFFRACTION: A NOVEL TOOL FOR MEASUREMENT OF RESIDUAL STRAIN
T.M. Holden
Inaugural Meeting of the Canadian Association for Research in Non Destructive
Evaluation (CARNDE), Boucherville, PQ, 1988 May 25-26
HEAVY FERMIONS AND SUPERCONDUCTIVITY
W.J.L. Buyers
American Chemical Society Conference, Toronto, Ontario
1988 June 8-10
NEUTRON DIFFRACTION AND TEXTURE ANALYSIS
J . H . Root

Workshop on Texture Analysis, Queen's University, Kingston, Ontario
1988 June 19-24
The following 5 presentations were made at the CAP Congress '88,
Montreal, PQ, 1988 June 20-22:
THE STRUCTURE AND DYNAMICS OF SF 6 : AN ORIENTATIONALLY FRUSTRATED
SOLID
B.M. Powell
THERMAL EVOLUTION OF PHONONS IN CU3AU CAUSED BY SPINODAL ORDERING
B.D. Gaulln, E.D. Hallman and E.C. Svensson
DENSITY AND TEMPERATURE DEPENDENCE OF S(Q) FOR LIQUID ^He
J.H. Root, H. Lin, D.C. Tennant, E.C. Svensson, V.F. Sears and E.D. Hallman
PHONON SOFTENING IN A NICKEL-RICH Ni-AJl ALLOY
E.D. Hallman, E.C. Svensson and J. Garrett
TEMPERATURE DEPENDENCE OF S(Q,co) IN LIQUID **He UNDER PRESSURE
E.F. Talbot, H.R. Glyde, W.G. Stirling and E.C. Svensson
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M.E. Carey

1

Research Fellow; started 1988 January 4.
Member of the Reactor Physics Branch, spending up to about 25% of his
time collaborating with Theoretical Physics Branch, starting 87-XII-2.
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8.2

Neutron Scattering in Liquid Hydrogen
V.F. Sears

Extensive analytical and numerical calculations of neutron scattering in
liquid H , liquid D and mixtures of the two have been performed in connection
with the proposed cold source in the proposed third NRU vessel
PR-PHS-P-5:7.3 (AECL-9758)).

(see also

Owing to the anomalously large incoherent scattering cross section of H, these
two liquids have very different thermal-neutron scattering cross sections and
hence very different behaviors as cold-neutron moderators. For example, the
rotational motion of the molecules has a large effect on the cross sections
for liquid H but only a small effect on those of liquid D . On the other
hand, intermo 1 ecular pair correlations have only a small effect on the cross
sections of liquid H but a very large effect on those of liquid D .
The computed scattering cross sections have been used to calculate the smallsource gain of cold neutrons. It is found that the gain depends only slightly
on the ortho-para ratios. On the other hand, the gain from 1 cm of liquid H
at energies < 5 meV is a factor of 2 or more larger than from 5 cm of liquid

A simple model has been developed for estimating the dependence of the gain on
the size of the cold source. This model takes both multiple scattering (i.e.
diffusion) and absorption into account and predicts an optimum thickness of
2.2 cm for liquid H . This is roughly consistent with available experimental
measurements and neutron transport calculations which show that the optimum
thickness depends on the detailed shape of the source, and also on the reactor
environment, but is typically in the range 3 to 4 cm. The optimum thickness
for liquid D is estimated to be 56 cm. This very much larger value is due to
the fact that the scattering and absorption cross sections for D are both much
smaller than those for H.
The available space in NRU can accommodate a
cold-source thickness of at most 13 cm. The gain from 13 cm of liquid D is
estimated to be only 2054 higher than from 2 cm of liquid H .
8. 3

Theory of Multilayer Neutron Monochromators
V.F. Sears

Previous theoretical work on multilayer neutron monochromators (for example,
Sears, Acta Cryst. A39(1983)601) has concentrated on the Bragg reflection from
these devices while the concomitant mirror reflection has either been ignored
or treated in an ad hoc fashion. We have shown that both these phenomena are,
in fact, included in the familiar Born approximation where they are given
correctly as long as the angle of incidence is such that the reflectivity is
much less than unity. We have also shown with the help of Fresnel's formula
that the radius of convergence of the Born series in this case is just the
critical angle for total reflection.
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8.4

Spin Glasses
K. B. Winterbon (with A. Jacobs, C. Coram, 8 N. Heinig, U. of Toronto)

Charge-density-wave systems exhibit "phase organization" (C. Tang et al.,
Phys. Rev. Lett. 58(1987)1161); that is, after a strong perturbation of the
system has been repeated several times, the system reaches a "critical" state
at the end of the perturbation. In this critical state each degree of freedom
of the system is at the edge of its region of stability.
Thus if the
perturbation is slightly strengthened or prolonged, the system will crash to a
very different state.
We have tried to find analogous behaviour in spin
glasses and random magnets. We find that upon cycling even large (100 x 100)
model spin glasses or random magnets between positive and negative applied
fields, the glass or magnet enters a very short limit cycle very quickly. We
also find that random ferromagnets show "critical" behaviour as the applied
field is increased: in a narrow range of applied fields, large numbers of
spins flip as each new instability appears. These phenomena are still being
investigated.
8.5

Identical Particles in Quantum and Classical Statistics
K.B. Winterbon

It has been argued recently that classical particles may be inherently
identical, in the sense usually used in quantum mechanics (e.g. A. Bach, Phys.
Lett. 104A(1984)251), or conversely that quantum particles may be considered
distinguishable in the classical sense (e.g. J. Tersoff & D. Bayer, Phys. Rev.
Lett. 50(1983)553).
A short paper has been written arguing that the real
difference between quantum and classical particles in this context is in the
density of states, which is discrete for confined quantum particles and
continuous for corresponding classical particles, and the distinction between
distinguishable and indistinguishable particles can be made entirely on this
difference between the densities of states. This work is in press, in Physics
Letters A.
8.6

ICRU Committee on Stopping and Ranges of Heavy Ions
K.B. Winterbon

The first meeting of this committee, set up by the International Commission on
Radiation Units and Measurements, was held 1988 Feb. 1-2 in Denmark to determine the scope of the project and allocate duties. The report which the committee is to write should cover ranges and stopping powers of ions heavier
than helium, with discussions of the theoretical and experimental difficulties
in obtaining these quantities, and also a discussion of phenomena such as multiple scattering which must be understood to use the primary data of the
report.
8.7

The Dirac Sea in Chiral Soliton Models
M. Harvey

The representation of the polarisation of the Dirac Sea in non-topological
chiral soliton models has been studied during an extended stay at the Institut
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fiir Kernphysik, Kernforschungsanlage JUlich. Following the work of Dyakonov
and Petrov from Leningrad (Nucl. Phys. B245(1984)259) it is now realised that
polarisation effects can be simulated by the dynamics of meson fields. This
means that in current papers in the literature that add polarisation of the
sea to dynamic properties of meson fields there is double counting of the same
physical phenomenon and hence there are wrong results. Ideas on a consistent
approach to the formalism are being tested together with collaborators in
Julich and Coimbra.
8.8

Theories of Nuclear Moments
I.S. Towner

A textbook on nuclear magnetic and quadrupole moments is being written jointly
with Prof. B. Castel of Queen's University.
During the past six months,
Towner has completed sections on:
general introduction, shell-model
calculations, core-polarisation corrections, meson-exchange currents, deformed
nuclei, interact ing-boson model and high-spin states. Still to be written is
a chapter on methods of experimental measurement. The completed manuscript is
to be delivered to Oxford University Press by January 1, 1989.
8.9

Determination of the Weak Vector Coupling Constant
I.S. Towner

The intensity of superallowed Fermi p transitions between 0 + T=l states as
expressed through their ft values is expected to be the same for all nuclei
after electromagnetic corrections at the few percent level have been applied.
At the time of the last survey of the data (1984) there was a five standard
deviation discrepancy between the data from high-Z nuclei and those from low-Z
nuclei. This discrepancy has been resolved by a re-evaluation of the radiative correction of order Za (Sirlin & Zucchini, Phys. Rev. Lett. 57(1986)
1994). A new survey of the data is currently underway. The eight most precisely known cases have concordant corrected ft values with a weighted average
of 3071.4 ± 1.6 sec. The corresponding weak vector coupling constant is
G V ( h c ) 3 = (1.1497 ± 0.0003) x 10"S GeV"2
The experimental errors are of comparable size to the theoretical uncertainties in the nuclear structure calculations of electromagntic corrections.
With this resultant G' a prediction for the lifetime for pion beta decay (for
which there are no nuclear structure uncertainties) is obtained and agrees
with experiment, but an order of magnitude improvement in the experimental
precision of the pion decay branching ratios is required to accurately test
the prediction.
The accuracy of the nuclear structure calculations and radiative corrections
can also be evaluated in the framework of the "standard model" by testing the
unitarity requirement of the Kobayashi-Maskawa mixing matrix.
Comparing
superallowed 0-decay with muon decay leads to a value for the matrix element

K J of
ud
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|V
I = 0.9744 ± 0.0009
• ud 1
The decay of K-mesons yields
(V I = 0.221 ± 0.002
I us '

and the decay of B-mesons
|V
1

I = 0.0055 + 0.0025

ub 1

The unltarity test is that the sum
|V
I

I2 + |V

lid •

'

I2 + |V I2 = 0.9983 ± 0.0020

ins I

I

iih '

should be one in a three-generation standard model. The error in this sum,
0.0020, is dominated by the error in V and reflects the uncertainty assigned
to the calculation of radiative corrections.
The success of the unitarity
test is considered a triumph for the standard model.
8. 10

Fifth International Conference on Nuclei Far From Stability
I.S. Towner

The proceedings of this conference were edited by I.S. Towner and delivered to
the American Institute of Physics on time. The proceedings were published in
February, 1988.
8.11

Non 0*-»0* Superal lowed Beta Decay
E. Hagberg, J.C. Hardy, H. Schmeing and V.T. Koslowsky (Nuclear
Physics Branch), I.S. Towner (Theoretical Physics Branch), E. T.H.
Clifford and H.C. Evans (Queen's U. ) and R. E. Azuma (U. of Toronto)
See PR-PHS-P-5:3.1.2 (AECL-9758)

8.12

Hidden Symmetry of the Liouville Equation
H.C. Lee (with M.L. Ge, Nankai Inst. of Mathematics, Tianjin, China)

The recent interest in the properties of the Liouville equation in two dimensions has been stimulated by the work of Polyakov (A.M. Polyakov, Phys. Lett.
103B( 1981)207) who has shown that it arises as the equation of motion for
bosonic strings [PR-PHS-P-4:8.13(AECL-968D] on closed surfaces without holes.
Although the quantisation of the Liouville equation has not been accomplished,
it is reasonable to assume that it will arise through an under- standing of
the Poisson brackets of the classical theory.
In the present study the
Liouville equation has been considered as an integrable Lax pair of
differential equations. We have used the infinitesimal regular Riemanr.-Hilbert
transform of the Lax pair to reveal a broken hidden symmetry: a subalgebra
ofthe semidirect algebra 2 . . ® #o> where £ is the Virasoro algebra without
central charge.

We have also shown that a Backlund transformation on the Lax
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pair can be derived from a finite regular Riemann-Hilbert
something that is not usually possible for an integrable system.
8.13

transform

-

Strange Statistics. Art in's Braid Group and Related Topics
H.C. Lee and M. Couture (with H.L. Ge, Nankai Inst. of Mathematics,
Tianjin, China)

Recently it has been discovered that an astonishing number of apparently
diverse phenomena in two dimensions are associated with the so-called YangBaxter relation.
Two examples are the factorizability of the scattering
S-matrix for quantum field theories in (l+l)-dimensional spacetime, and the
Boltzmann weights of exactly solvable statistical models in two spatial dimensions (of which the best known is the 2D Ising model). A special case of the
Yang-Baxter relation has the form
R

«R «R
12

where R
V .
on V

23

= R

12

23

«R «R
12

(1)

23

is an operator acting on the direct product of vector spaces V

Let { T ; i = l,2,**»,n-l} be a set of n-1 such operators, with T
x V

group B

, and assume T

exist.

and

acting

Then { T > are generators of Art in's braid

if

n
T T
T = T
T T
i 1+1 1
i+1 i 1+1
TITJ

are satisfied.

= XTi

(2a)

,

ji-j|

* 2

(2b)

Note the similarity of (2a) and (1).

It has been known for some time (Y.S. Uu, Phys. Rev. Lett. 52(1984)2103) that
the braid group describes exotic (neither Bose-Einstein nor Fermi-Dirac)
statistics of classical scalar fields in (2+l)-dimensional spacetime.
Only
one-dimensional unitary representations of the braid group need be considered
for such fields. We have studied the higher dimensional representations of B
n

in the context of exotic, or strange, statistics of N-component fields in two
spatial dimensions, and have obtained a number of new results, for example:
(1) Families of representations of B have been constructed for N=2 to 5 for
n

the "charge" conserving N-component models; (2) New solutions of the classical
Yang-Baxter relation have been derived from these representations, by
differentiation; (3) Shown that, given a statistical representation of B in
n

(2+1)-dimensional spacetime, it is possible to generate by path-ordered
exponential integration a new representation of B which expresses the multin

valueness of n-point Green function of conformal field theory in (l+l)-dimensional spacetime.
One of our next tasks is to construct consistent theories carrying the
B representations we have derived,
n
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8. 14

The Photon Propagator in Non-Covariant Gauges
M.S. Milgram and H.C. Lee

An analytic expression for Feynman integrals involving the factor [PR-PHS-P-4;
8.16(AECL-9681)]

—^-H-

(p«n) +i)
>«n) +i)

2i7j
2i7j

L
L

1

p«n-iT)
p«n-

p«n+iTj

has been found and we are in the process of writing a computer program to
evaluate the integrals using the symbolic manipulator SCHOONSCHIP.
8. 15

Irreducible Embeddings. Polynomial Tensors and the S0(8) Enveloping
Algebra
M. Couture (with R.T. Sharp, HcGill University)

The decomposition of the S0(8) enveloping algebra has recently been studied by
LeBlanc and Rowe (1987) within the context of the development of the microscopic theory of nuclear collective motion.
Their result however does not
represent the decomposition of the full enveloping algebra. We have now given
the complete result using generating function techniques and exploiting
irreducible embeddings. A paper has now been prepared for publication.
8.16

Generating Functions. Elementary Multiplets and Young Tableaux
M

Couture (with R.T. Sharp (HcGill U. ) S C. Cummins (Concordia U.))

When constructing polynomial bases for group representations one is led
naturally to consider a "stretched product" of states. Elementary multiplets
are states that cannot be expressed as the stretched product of any other two
states and they can be identified with terms occuring in certain generating
functions.
By analogy we have defined stretched products of Young tableaux
and "elementary" tableaux.
We have considered several examples where this
method can be applied.
In particular we have derived new generating
functions for (rank free) branching rules for the group-subgroup pairs SU(n) x
SU(m) c SU(n+m), SO(n) c SU(n) and Sp(2n) c SU(2n). This method can be used
to study the decomposition of enveloping algebras. Work on this is completed
and a paper is being prepared.
8. 17

Dynamical Simulation of Heavy Ion Collisions
C. Gale (with G.H. Velke, H. Prakash, T.T.S. Kuo, SUNY at Stony
Brook, and S. Das Gupta, McGill University)

During the past four years, an extremely successful tool in the study of
heavy ion collisions at intermediate and high energies has been the
microscopic BUU (Boltzmann-Uehling-Uhlenbeck) approach (G.F. Berstch, H. Kruse
8 S. Das Gupta, Phys. Rev. 029(1984)673; H. Kruse, B.V. Jacak 8 H. Sfocker,
Phys. Rev. Lett. 54(1985)289; G.F. Bertsch 8 S. Das Gupta, Phys. Rep.
160(1988)189). This model provides a microscopic description of colliding
heavy ions in terms of test particles moving on curved, semi-classical

8-9
trajectories in a momentum and density dependent nuclear mean field.
This
scenario includes hard two-body scattering and final-state Pauli blocking. The
numerical simulation code (largely developed by the Gale) has been adapted to
run on CRNL's CDC 990.
A major goal of heavy-ion collision experiments is to extract information
about the nuclear equation-of-state.
Various observables that are sensitive to the equation-of-state have been proposed in the past (R. Stock, Phys.
Rep. 137(1986)277).
We have performed BUU calculations of azimuthal
distributions for collisions of Nb on Nb. It is found that the anisotropy of
the azimuthal
distributions
depends
quite
strongly
on
the
nuclear
equation-of-state used in the dynamical simulation. An experiment to measure
such distributions has already been proposed (R. Madey, Kent State Univ., private communication) and will be performed at the Bevalac in the near future.
8. 18

Dilepton Emission from High-Energy Heavy-Ion Collisions
C. Gale (with J. Kapusta, U. Minnesota)

We have continued our study of dilepton radiation from high temperature
nuclear matter (C. Gale 8 J. Kapusta, Phys. Rev. C35(1987)2107; Nucl. Phys.
A471(1987)35c) by computing the rates for the annihilations K*K~ -> e V and NN
-> e*e". In general this radiation would yield information on the abundances
of kaons and antinucleons in hot and dense nuclear matter.
More specifically, the former may yield information on the approach to kaon condensation, and the latter may yield information on the nucleon/antinucleon dispersion relations as predicted by relativistic field theories of nuclear matter.
However, we find that these yields are mostly overshadowed by the processes
np -» npe*e" and in particular n*ir~ -> e*e~, so that dilepton production remains
essentially a probe of pion dynamics in the nuclear medium.
8.19

Cold Neutron Source for the NRU Reactor
E.C.
Svensson,
W. J.L.
Buyers,
J.H.
Root
and
T.M.
Holden
(Neutron & Solid State Physics Branch), G. Dolling (Office of VicePresident), V.F. Sears, P.M. Brewster (Reactor Physics Branch),
W. Mellors
(Mechanical
Equipment
Development
Branch)
and
D. A. Barrington (Nuclear Safety & Technology Branch)
See PR-PHS-P-5:7.3 (AECL-9758)

8.20

Reports. Publications and Lectures

Publications
RELATIVISTIC SHELL MODELS AND MESON-EXCHANGE CURRENTS
J. Delorme & I.S. Towner
Nucl. Phys. A475(1987)720
QUENCHING OF GAMOW-TELLER STRENGTH
I.S. Towner
Proc. 5th Int. Conf. on Nuclei Far From Stability, Rosseau Lake, Canada 1987,
ed. I.S. Towner (American Institute of Physics, 1988) p. 593-603
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THE e-FORBIDDEN MAGNETIC DIPOLE TRANSITION IN A = 39
T.K. Alexander, G.C. Ball, J.S. Forster, I.S. Towner, J.R. Leslie & H.-B. Mak
Nucl. Phys. A477(1988)453
ELECTROWEAK INTERACTIONS WITH NUCLEI
I.S. Towner
Proc. 3rd Workshop on Perspectives in Nuclear Physics at Intermediate
Energies, Trieste, 1987, eds. S. Boffi, C. Ciofi degli AHi and M. M. Giannini,
(World Scientific Pub. Co., Singapore, 1988) pp.17-36
CONFORMAL FIELD THEORY IN TWO DIMENSIONS AND CRITICAL PHENOMENA
H.C. Lee & Z. Y. Zhu
"Field Theory in Two Dimensions", eds. G. Kunstatter et al.
(World Scientific, 1988), p.411
SCALAR FIELDS AND THE POLYAKOV STRING
Z.Y. Zhu and H.C. Lee
Mod. Phys. Lett. A (1988)
also in "Field Theories in Two Dimensions", G. Kunstatter et al. (eds.)
World Scientific, 1988) p.200
QUANTUM FIELD THEORY AS AN INTERDISCIPLINARY BASIS (Proceedings)
(Editors) F.C. Khanna, H. Umezawa, G. Kunstatter and H.C. Lee
(World Scientific, 1988)
FIELD THEORY IN TWO DIMENSIONS (Proceedings)
(Editors) G. Kunstatter, H.C. Lee, F.C. Khanna and H. Umezawa
(World Scientific, 1988)
SUPER FIELD THEORIES (Proceedings)
(Editors) H.C. Lee, V. Elias, G. Kunstatter, R.B. Mann and G. McKeon
(Plenum, 1987)
Lectures
COLLISION CASCADES AS FRACTALS
K.B. Winterbon
Invited Lecture at McMaster University, 1988 February 17
TIME DEVELOPMENT OF ENERGY DEPOSITION IN MEDIA
K.B. Winterbon
Invited Talk given at Accelerator Business Unit Workshop (organized by
M.A. Lone), Keys Conference Centre, Deep River, Ont. , 1988 March 02
ELECTRON BEAM OPTICS AND EXPOSURE DOSE
G.E. Lee-Whiting
Invited Talk given at Accelerator Business Unit Workshop (organized by
M.A. Lone), Keys Conference Centre, Deep River, Ontario, 1988 March 02
NEUTRON SCATTERING IN LIQUID HYDROGEN AND DEUTERIUM: MODEL CALCULATIONS FOR
THE NRU COLD SOURCE
V.F. Sears
Joint Physics & Reactor Physics Colloquium, CRNL, 1988 March 10
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BASIC THEORY OF NEUTRON SCATTERING
V.F. Sears
Two lectures given at the Neutron Scattering Summer School, CRNL, 1988 June 14
PANEL DISCUSSIONS ON NUCLEAR TECHNOLOGY
M. Harvey
CRNL, 1988 Jan. 15, Feb. 26, March 23, April 21, 26, and May 6, 10
PUBLIC AFFAIRS TALKS TO EIGHT SCHOOLS AND A SERVICE CLUB
M. Harvey
Talks given in St. John, New Brunswick, 1988 April 11-15
THE CHALK RIVER SCIENCE TEACHERS SEMINAR
M. Harvey
Invited talk at the Annual Congress, Canadian Association of Physicists,
1988 June 20-23
MAGNETIC TRANSITIONS
I. S. Towner
Invited Talk at the 3rd Conf. on the Intersections between Particle and
Nuclear Physics, Rockport, Maine, May 14-19, 1988
DILEPTON PRODUCTION AT BEVALAC, SIS AND AGS ENERGIES
C. Gale
Physics Colloquium, CRNL, 1988 Feb. 18
LOW DILEPTON INVARIANT MASS ENHANCEMENT MECHANISM
C. Gale
Invited Talk, Mini-Workshop on Dileptons at the AGS, Lawrence Berkeley Lab.,
1988 March 15,16
PRODUCTION OF DILEPTONS IN HIGH ENERGY HEAVY ION COLLISIONS
C. Gale
Seminar, State University of New York, Stony Brook, 1988 April 21
PRODUCTION DE PAIRES DE LEPTONS DANS LES COLLISIONS D'ION LOURDS AUX ENERGIES
DU BEVALAC ET DE L*AGS
C. Gale
Seminar, Universite de Montreal, 1988 May 5
CONFORMAL FIELD THEORY AND CRITICAL PHENOMENA
H.C. Lee
Dalhousie Univ., 88 Jan. 27; Univ. of Western Ontario, 88 Feb. 16
EXOTIC STATISTICS AND THE BRAID GROUP
H.C. Lee
Univ. of Montreal, 1988 April 4
GOING ROUND CIRCLES - BERRY'S PHASE, HOLONOMY, AND RELATED TOPICS
H.C. Lee
Joint Session of Particle, Nuclear and Theoretical Divisions, CAP Congress,
Montreal, 1988 June 22
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IRREDUCIBLE EMBEDDINGS, POLYNOMIAL TENSORS AND ENVELOPING ALGEBRAS
M. Couture (with R.T. Sharp)
presented at the Int. Conf. on Group Theoretical Methods in Physics,
1988 June 30
STRANGE STATISTICS AND THE BRAID GROUP
M. Couture (with H.C. Lee and M.L. Ge)
presented at the Int. Conf. on Group Theoretical Methods in Physics,
1988 June 30
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9.

FUSION

9.1

Background

AECL has the responsibility, on behalf of the federal government, for operating the National Fusion Program (NFP).
Funding for the NFP is obtained
through the federal interdepartmental Panel on Energy Research and Development (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 objectives
and strategy of the NFP are given as a preamble.
9.1.1

Objectives

The objectives of the R&D in this area are:
- to establish and maintain in Canada the necessary expertise to provide a
foundation from which the capability of building fusion power systems can
be developed;
- to gain, in the shorter term, effective access to international knowledge
in fusion technology by making a recognized contribution to the international effort; and
- to develop, in the intermediate term, sufficient technological capability
to allow Canadian industries to supply subsystems, components, fuel and
services for foreign fusion power developments (whether they be experimental, demonstration or commercial units).
9.1.2

Strategy

The strategy employed to meet these objectives recognizes the long-term
nature of fusion R&D and the high-level (> $2 billion annually) of international 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 laboratories
assures an appropriate level of technical involvement and interest.
9.2

National Fusion Program

Coordination of the total Canadian effort in the NFP is essential to achieve
both the optimum use of domestic resources and the maximum leverage for the
program internationally.
The NFP was initiated by the National 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 on 1987 April 01. This transition was accomplished with
minimum disruption to the program.
AECL has formed a Strategic Advisory
Committee to assist in guiding the long-term strategy of the NFP.

9-3
Consultation and coordination with other departments, the provinces and the
fusion community in general is achieved through ad hoc groups assembled to
advise on specific issues. The original plan for the NFP called Tor 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 Canadian de la
• fusion magne'tique - 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
Highlights for the reporting period are as follows.
• A budget plan including upgrades to the Tokamak de Varennes and
ITER activities by both CCFM and CFFTP was submitted and approved
by the interdepartmental Panel on Energy Research and Development.
This went forward to Cabinet in a Memorandum to Cabinet. As yet,
no decision on additional funding has been received.
• A presentation on the NFP, emphasizing its future plans, was made
to the "Big Science" committee of the National Advisory Board on
Science and Technology (NABST) on 1988 May 26.
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Centre Canadian de la fusion magne'tique (CCFM)

CCFM operates the Tokamak de Varennes, a magnetic confinement fusion experiment, jointly funded by the NFP, Hydro Quebec and INRS with collaboration
from industrial and university partners.
The Centre is supervised by a
board of directors with technical review provided by an international advisory committee.
The Tokamak de Varennes is a medium-sized device that achieved first operation 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 was assembled for the R&D 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 important
feature together with its impurity control systems, advanced diagnostics 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 collaboration in place even before its operation is indicative
of significant world interest - the challenge in future years will be to upgrade and improve the machine in order to sustain its relevance.
Highlights
A highlight for the reporting period is as follows.
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• A signing ceremony was held 1988 March 29 to officially establish
CCFM.
This joint venture to operate the Tokamak de Varennes is
between AECL, Hydro Quebec and INRS-University of Quebec. It gives
AECL full partnership in the physical and intellectual property of
CCFM and in the exploitation of any commercial opportunities
arising from it.
9.4

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 50? by the federal government (AECL) and 5056 by Ontario Hydro.
Project management is provided by Ontario Hydro. CFFTP is directed by a
steering committee, consisting of representatives of the funding partners,
that is advised on technical matters by a committee of Canadian and foreign
experts.
The project plans and supervises fusion fuels R&D work in industry,
utilities, universities and federal laboratories, and markets Canadian technology abroad.
R&D programs in tritium technology, fusion blankets,
materials, health and safety, and equipment development have been successful
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 pumps and tritium monitors are also being vigorously promoted by CFFTP, with promising results.
Highlights
A highlight for the reporting period is as follows.
• The "Third Topical Meeting on Tritium Technology in Fission, Fusion
and Isotopic Applications" was held in Toronto, 1988 May 1-6.
CFFTP, in cooperation with Mound Laboratories in the US, organized
the meeting with W.J. Holtslander and G.J. Philips of the Fusion
Office responsible for the technical program and proceedings,
respectively.
The Conference was highly successful attracting
» 330 participants with 168 contributions.
9.5

International Program

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

9-5
Canada is active in several International Energy Agency (IEA) fusion committees and study groups and participates in the TEXTOR joint experiment and
the BEATRIX materials exchange through this agency. The NFP also takes part
in the Economic Summit process of the Western heads of state, since fusion
is one of the areas identified in the Technology, Growth and Employment
thrust initiated at the Versailles summit of 1982. Bilateral fusion agreements between Canada and Japan, Canada and the EC, and Canada and the US
have been concluded.
Since the achievement of fusion power will be a large and expensive process,
perhaps too 1 irge 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. 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.
• A Memorandum of Understanding (MOU) between Canada and the EC,
enabling Canada to participate in ITER through the EC, has been
drafted and agreed to by their respective fusion authorities.
Since this MOU is a government-to-government document, an elaborate
process of approval is required, particularly in the EC. Substantial progress was made in accomplishing several of the necessary
stages; signing of the MOU is expected by the Fall of 1988.
• The second meeting of the Canada-EC joint committee on fusion was
held 1988 May 31• A comprehensive review of collaborative projects
was made and plans for new activities discussed including Canadian
participation in JET, NET and ITER.
9.6

Inertial Confinement

The original plan for the NFP included inertial confinement fusion as a
program area. A major project in this area has not yet been assembled, but
the option is retained in the NFP. Activity is now confined to a monitoring
role and in providing assistance to Canadian researchers. Research programs
in inertial confinement are currently carried out in several Canadian
universities and at NRC.
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