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INTRODUCTION - J.C.D. Milton

The two • progress reports PR-PHS-P-1 (AECL-9262) and PR-PHS-HS-1
(AECL-9263) are continuations of the former series in Physics, PR-P-142,
(AECL-9103) and in Health Sciences, PR-HS-20 (AECL-9102). The new series
have been initiated to take into account the reorganization of the
Research Company effective 1986 February 1. It is intended to issue che
reports semi-annually on June 30 and December 31 covering the previous
six months. The new series cover the same areas as before except that
the Accelerator Physics Branch and the Mathematics and Computation Branch
activities are no longer included in Physics, and the activities of the
Medical Biophysics Branch at Whiteshell are now included in Health
Sciences. The latest progress report on the Medical Biophysics work
appeared in the WNRE report PR-WHS-73.

On 1986 February 1 the AECL Research Company was organized under a
President into four operating units called Program Responsibility Centres
and two Site Support Services units, plus three units devoted to Business
Development, Strategic Technology Management and Finance, each unit
headed by a Vice-President or a General Manager, as shown on the
following chart:

AECL RESEARCH COMPANY

PRESIDENT
S.R. Hatcher

Vice-president
FINANCE

D.D. Molnar

Vice-President
BUSINESS

DEVELOPMENT
C.G. Lennox

General Manager
CRNL

P.J. Harvey

General Manager
WNRE

M.G. Wright

Vice-Presidenl
STRATEGIC TECHNOLOGY

MANAGEMENT
E. Criloph

Vice-President
REACTOR

DEVELOPMENT
B.E. Green

Vice-President
WASTE

MANAGEMENT
W.T. Hancox

Vice-Presidenl
RADIATION

APPLICATIONS
AND ISOTOPES

H.K. Rae

Vice-Presidenl
PHYSICS AND

HEALTH SCIENCES
J.C.D. Millon
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The Physics and Health Sciences Program Responsibility Centre has been
organized into eight brandies and three offices, shown below with the
appropriate Assistant Vice-President.

Business Development Office*
Commercial Office*

Dosimetric Research Branch
Radiation Biology Branch
Environmental Research Branch
Medical Biophysics Branch

Nuclear Physics Branch
TASCC Operations Branch

Neutron & Solid State Physics Branch
Theoretical Physics Branch

Fusion Office

Assistant Vice-President
Health Sciences

Assistant Vice-President
TASCC

Assistant Vice-President
Physics

All of the above units are located at CRNL except Medical Biophysics,
which is at WNRE. This report (AECL-9262) covers the research, business
and commercial activities of Nuclear Physics, TASCC Operations, Neutron &
Solid State Physics, Theoretical Physics and the Fusion Office.

As can easily be imagined, the activites in the Vice-President's Office
during the first half of 1986 were dominated by matters related to the
reorganization. While most of the purely structural problems have been
satisfactorily resolved, many longterm issues are under continual review.
Foremost among these are the questions of how to maintain our traditional
excellence in fundamental research in the face of reduced funding from
the federal government, and how to assist and integrate with the
commercial aims of the Researcli Company without losing the ability to
compete in the research fields in which we are now strong. In charting
our new path we shall strive to keep the several existing large research
facilities, (TASCC, the NRU neutron spectrometers, and the CRNL
environmental site, for example) that are unique in Canada, at the
forefront of all such facilities worldwide and available to all qualified
Canadian scientists. In addition we are expanding our post-doctoral and
research associate programs to make available young active and creative
staff for our programs.

*Shared with Radiation Applications and Isotopes
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LECTURES

"The Chalk River Tandem Superconducting Cyclotron (TASCC) Facility"
J.CD. Milton
Invited talk at the Beijing International Symposium on Physics at Tandem,
Beijing, 1986 May 26-30.

"Nuclear Science and Technology in Canada"
"The Chalk River Tandem Superconducting Cyclotron (TASCC) Facility"
J.C.D. Milton
Seminars at the Institute of Nuclear Science and Technology, Sichuan
University, Chengdu, China, 1986 June 4 and at Wuhan University, Wuhan,
Hubei, China, 1986 June 10.
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1 . S UMMARY

1.1 GENERAL

The highlight of the past six months - indeed, of the past four years, since
the MP tandem was shut down for the installation of TASCC - was the appearance
of. first TASCC beam on target for experiments. As much as 46 nA of 10 MeV/u
12 I was produced at the interim target location in early March, and a first
experiment was attempted almost immediately (see section 3.1.6). _A second
experiment to measure the lifetimes of high-spin states in Os was
successfully completed (3.1.12) in May, and a promising beginning was made on
a ^third (3.1.11). These latter experiments were performed with 5.6 MeV/u
1 2 7 I , the "second beam" produced by TASCC.

Although facility operation has not been without its difficulties, at its best
it has been impressive, with the fastest time for cyclotron set up, from
zero-field start to extraction, having been about an hour and a half.
Overall, the full facility operated for 483 hrs, which was 57% of its
scheduled operating time. Most of this time was used for cyclotron
commissioning and development, but 141 hrs were spent delivering beam to
nuclear physics experiments. In addition to Nuclear Physics Branch staff,
University scientists also participated, on average contributing 30% of the
total effort.

During much of the scheduled (and unscheduled) down time, commissioning and
repair tasks precluded experimental use of the complete facility.
Nevertheless, about 220 hrs were spent on experiments that utilized beam from
the MP tandem alone, delivered via the bypass line to the interim target
location. University participation was again significant - on average 40%.

Another major hurdle was overcome and a new challenge accepted, with the
approval on February 28 by AECL's Board of Directors of the funding for Phase
II of the TASCC project. This concluding phase comprises construction of the
beam transport system and associated equipment for nine target locations; it
includes the complete safety system and a second ion injector. The approved
cost is just under $11 million. A project management team is already
established and its work has begun (3.3).

1.2 RESEARCH

The first successfully completed experiment with a TASCC beam measured the
lifetimes of high-spin states in l 40s (3.1.12), which were produced via the
51V(12/I,4n)1740s reaction at 600 MeV. Recoil distance curves obtained for
states 4 + through 20 + are expected to yield good lifetime values up to at
least spin 18 and provide a view of the evolution of nuclear shape with
increasing angular momentum.

19 7

Although as yet incomplete, another experiment with the TASCC 5.6 MeV/u I
beam produced a notable success in a mere 8 hours of beam time (3.1.11). By
bombarding a calcium target, the experimenters produced the little known
isotopes ^61,162xa, observing their a decays - the latter for the first time
- and measuring their halflives - the former, a first. In the next scheduled
TASCC experiment, they hope to observe Ta as well. The o decays of
162,163-fa provide the missing links between a-decay chains and nuclides with
known absolute masses.
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Tandem experiments, too, led to interesting results. A measurement of the
lifetime of the 2469-keV level of i:>Ca resulted in a provocative disagreement
with theory (3.1.5), and a test run with ~*ZS beams has pointed out the
advantage of heavy ions over light ions in the clean and prolific production
of exotic nuclei - in this case, 141Gd (3.1.9).

Earlier experiments, recently analyzed, have produced their share of
stimulating results. One example is the N projectile fragmentation
measurement made at 40 MeV/u at Michigan State University (3.1.3). Although
the analysis is still preliminary, it appears that most of the heavy
projectile-like particles observed do not originate in a true fragmentation
process. Overall, there are likely many mechanisms that contribute to the
quasi-elastic spectrum; however, there is no evidence of a "hot spot"
developing on the projectile surface.

An analysis of the beta spectruin of Hi, measured with the iron-free TT/2
magnetic spectrometer, shows no evidence for the existence of a proposed
neutrino with a mass of 17 keV. An upper limit for the branching ratio of its
production was set at 0.3% with 90% confidence level.

1.3 EXPERIMENTAL EQUIPMENT

The on-line isotope separator (ISOL) is now fully recommissioned at its new
location and is being tested on-line with the locally designed He-jet ion
source (3.2.1). The instrumentation of the ISOL for use in the direct
measurement of nuclear masses is well advanced too (3.2.2), and the writing of
the software for control of the ISOL and data acquisition has begun.

Construction of the 8TT spectrometer is on schedule for completion this fall.
The mechanical structure is assembled at the interim site (3.2.4), all
sub-frames for holding the detectors are completed and being assembled
(3.2.5), and detector deliveries are proceeding well (3.2.6), as are the \MZ
filling system (3.2.7), a target chamber (3.2.8) and the electronics (3.2.9).

A conceptual design for a large vacuum vessel for multi-particle reaction
studies is currently being studied (3.2.10). The existing 1.75 m scattering
chamber is being readied for experiments.

1.4 ACCELERATORS

The tandem accelerator operated normally during the period, producing beam for
cyclotron tests and for nuclear physics experiments at the interim target
location (4.2). The tank was evacuated on five occasions, two of which were
for scheduled maintenance.

The superconducting cyclotron operated for various commissioning and
sub-system performance tests as well a for three nuclear physics experiments
(5.1). Beams of 1 2 /I have been developed and extracted to the experimental
target area. Two beam energies, 1.27 GeV and 0.71 GeV, have been accelerated,
each with a current of about 1 particle-nA on target.

The operating records for the tandem and cyclotron appear in the Table 1.4.1.
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Table 1.4.1 Tandem and cyclotron operating record 1986 January 1 - June 28

Use

Operating
Scheduled shutdown
Unscheduled shutdown
Beam available

Timea)

Tandem

1201.5
2761.0
333.5
1087.0

(hours)

Cyclotron

483.0
3447.5
365.5
141.0

a)Total elapsed time, 4296 hrs.

During iodine-beam operation, cyclotron stripper-foil lifetimes were found to
be 8 hours or better when injection was at 71 MeV (for 1.27 GeV eventual
energy) and 4 hours or less at 42 MeV (0.71 GeV eventual energy). In the
former case the foil gets thinner with time; in the latter it gets thicker
(4.5.1). Beam transmission through the extraction system was typically 50%
(4.5.8).

Prolonged operation has also uncovered some design weaknesses, and
improvements are in progress in the rf control circuitry (4.3.2, 4.3.3), foil
changer chain guides (5.5.1), cryoputnp valves and control (5.2), trim rod
position transducers (5.3.1), and magnet safety system (5.3.2). The high
voltage limits of the deflector were improved by adding a series water quality
upgrader to the water resistor supply (5.6.1) and a beam pipe bake-out heater
was developed to overcome problems of water collecting in the beam pipe during
operations on the open midplane (5.6.3).

A new design of axial probe head improves vertical resolution of the beam
position and corrects spurious oscillation of the integrated probe signal
(5.7.1). A rugged mass memory has been commissioned to replace the floppy
disc unit on the probe sub-system controller (5.7.2).

The trim rod drives were installed early in the year (5.3.1). Computer
software has been developed and used successfully in setting the trim rods for
a first harmonic magnetic perturbation at the extraction radius (4.8.2).

Although operation of the accelerating structure in the IT mode was
successfully maintained for a test period, interaction between the rf fields
and the radial probes resulted in severe detuning of the structure as well as
overheating of the probe barrels (4.3.2, 5.7.1). An instrumented probe is
being developed for investigation of these ir-mode phenomena. Meanwhile,
operation of the cyclotron is being limited to 0-raode resonances only.
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(1) Appointed Assistant Vice-President, TASCC 86 February 1.

(2) Returned trom Maternity Leave 86 February 2b.

Transferred from Nuclear Physics Branch to the Office of the

Assistant Vice-President, TASCC, 1986 May 7.

(3) Appointed Branch Manager of Nuclear Physics Branch 86 February 1.

(A) Transferred to position of Branch Secretary, Nuclear Physics

Branch H6 June 9.

(5) Science and Engineering Research Council Senior Visiting Fellow in

the Department of Physics, I'nivprsity of Liverpool, from June 1

through August 31, 1986.

(6) Transferred from Solid State Science Branch 86 April 1.

(?) Visiting Scientist from Institute of Modern Physics, Lanzhou, The

People's Republic of China; terminated 86 February 28.

(8) Terminated 86 April 11.

(9) Transferred from Solid State Science Branch 86 January 13.

(10) Transferred to Civil, Electrical & Instrumentation Design Branch 86

May 12.

(11) On sabbatical leave at CRNL for the period 1 January to 30 June 86.

(12) Transferred to New Ideas Office 86 May 20.

(13) Transferred from Physical Chemistry Branch 86 January 13.

(14) Transferred from Accelerator Physics Branch to TASCC Operations

Branch 86 June 1.

(15) Transferred from NRU Branch 86 January 30.

PDF - Postdoctoral Fellow



3. NUCLEAR PHYSICS KRANCH
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3.1 RESEARCH

3.1.1 Search for Evidence of Heavy Neutrinos in the Beta Spectrum of Ni

D.W. Hetherington, J.S. Geiger and P. Dmytrenko with M.A. Lone, M.
Montaigne and R. Deal (Neutron and Solid State Science Branch) and
R.L. Graham (Ifniversa ty of Gtielph)

Analysis of the Mi data obtained in December and January (PR-P-142: 2.9;
AECL-9103) showed no evidence for a branch corresponding to a neutrino with
a mass of 17 keV. An upper limit for the branching ratio was set at 0.3%
(90% confidence level).

The b Ni measurements were repeated several months later following the
discovery of random double triggering in some of the SCA modules used in the
original experiment. Not only were the electronics modified to eliminate
this problem but the detector entrance window was replaced with a thinner
one to improve the transmission at lower energies. The new window consists
of two sheets of ~ 55 pg/cmz thickness polypropylene, each coated with
cellulose nitrate, chromium and gold (see PR-P-140: 2.3; AECL-8648). With
narrower entrance slits (1.6 mm wide) the leak rate of isobutane from the
detector is acceptable for pressures up to 250 Torr. The addition of a
large sorption pump working at liquid nitrogen temperature maintains the
spectrometer pressure at about 3x10" Torr.

Data from the Ni source were collected over a period of two weeks. Data
were obtained over most of the spectrum (25 keV to the endpoint) as well as
in a restricted region around the expected endpoint of the 17 keV neutrino
branch (45 to 55 keV). Because of the narrower entrance slits, the count
rate and the total counts collected were lower than in the previous data
set. However, the use of a thinner window reduces the transmission
correction, which makes it possible to analyze a broader region of the
spectrum. The results obtained are therefore just as precise as those
obtained with the previous data set.

Analysis of the new data set shows no evidence for a heavy neutrino with a
mass anywhere from 3 to 40 keV. A preliminary analysis of the systematic
errors due to instrumental corrections (window transmission and source
backscattering) yields an upper limit for the 17 keV neutrino branch
consistent with that from the previous data set (< 0.3% at the 90%
confidence level).

3.1.2 Rutherford-Backscattering Studies of the Liquid/Solid Interface

J.S. Forster, D. Phillips, J. Gulens (General Chemistry Branch) and
D. Harrington (Physical Cher.istry Branch)

Studies of the liquid/solid interface (PR-CMa-69: 1.34; AECL-9109) have
continued. In our initial studies with a Si window, 1.0 pm thick and 2.0 mm
diameter, measurements were made for 1.7 5 MeV protons backscattered through
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160°. The cell was filled with O.ltl Nal and the thick-target 1 signal stood
out clearly above the Si "window" signal. Application of a voltage between
the stainless steel back plate of the cell and the Si window caused the I
signal to increase or decrease, for a fixed amount of charge, depending on
the polarity of the voltage. As well as the I signal, we observed an Fe
signal at the Si window due to the stainless steel back plate.

A new, non-metallic cell was fabricated from lexan and was electrically
insulated from the vacuum chamber. A Pt disc, 250 pin thick was used to ;;top
the beam and measure beam current when the cell was evacuated.

A beam of 1.6 MeV protons was backscattered through 160° and measurements
were made for 0.1M Pb(NO^)^ in an acetate buffer. The thick target Pb
signal was clearly seen above the Si window signal.

Analysis of the observed spectra is in progress with the Cornell back-
scattering simulation program (L.R. Uoolittle, Nucl. Instr. and Meth. in
Phys. Res. ̂ 9 (1985) 344).

3.1.3 Exclusive Measurement of N Projectile Fragmentation at 40 MeV per
Nucleon

D. Horn, C.C. Ball, E. Hagberg and N. Ranger with C. St. Pierre,
R. Roy, C. Pruneau and L. Potvin (Laval University) R. Bougault
(Univ. of Caen, France) C D . Westfall, D. Fox and D. Cebra
(Michigan State University)

The analysis of the fragmentation experiment performed at MSU (PR-P-142:
2.2; AECL-9103) is continuing. The silicon detector calibration has been
completed for all relevant particle types and energy ranges. The analysis
now focusses on the individual energy calibration of the 32 phoswich
telescopes and the necessary non-linearity corrections. Once these
calibrations have been achieved proper silicon—phoswich and
phoswlch-phoswieh coincidences can be evaluated with accurate energy
information for both detector systems involved.

A number of interesting observations have already been made in a preliminary
analysis that makes use of the particle identities provided by the phoswich
detectors but neglects their energies.

The momentum widths for projectile fragments observed in our singles silicon
data agree with existing inclusive results and compiled systematics.
However, our silicon-phoswich coincidence data indicate that most of the
heavy projectile-like particles are not accompanied by beam-velocity light
ions. Most of the heavy projectile-like particles therefore do not
originate in a true fragmentation process since their light partners are
evidently absorbed or violently deflected by the target. The projectile
momentum width observed in an inclusive experiment is therefore not
indicative of the fragmentation process.

As an example, our observed momentum width for inclusive C events is quite
different from that for p- C coincidence events, which do originate from a
true N break-up. The width observed in the coincidence data is narrower
than that seen from inclusive events and it also has a less steep high-
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energy edge. Our results indicate that the inclusive data are polluted by
nonfragmentation events, such as a-1 C coincidences, which come in at a
different energy and thus widen the momentum distribution.

The angular correlations between the light ions and the heavy
projectile-like ions have also been analyzed. It was found that the
distributions of light ions from true N break-up processes, p- JC and
u- 15 events, were peaked near the heavy projectile-like particle. Light
ions from other processes, such as a- C, were peaked on the opposite si<ie
of the beam from the heavy ions.

Some of the light ions may originate from in-flight decay of a primary heai-y
fragment produced in a peripheral collision with the target. We havc>
simulated this sequential decay mode by treating equilibrated primary
fragments moving at 88% of projectile velocity as following Maxwell-Bolzmann
distributions at given excitation energies. The experimental data and our
simulations agree well for all channels investigated.

Simulations were also made for the azimuthal correlation between the emitted
light ions and the heavier projectile-like ion detected in the +12.5°
telescope. For most channels, they agreed well with the experimental
data, suggesting that the light ions are isotropically emitted. We
therefore have no evidence for a localized excitation or 'hot spot' on the
projectile surface at this stage of the analysis.

Our analysis so far shows that many mechanisms contribute to the
quasielastic fragment peaks. Conclusions regarding fragmentation mechanisms
should therefore be based on exclusive data. Our preliminary data have been
presented at the Hlcofed-86 Conference in Caen, France, at the CAP Eastern
Regional Conference in Chalk River, and at the CAP annual congress in
Edmonton.

3.1.4 Q Differences between Pairs of Superallowed B-F.mitters
fcC

V.T. Koslowsky, J.C. Hardy, E. Hagberg, G.C. Ball, W.G. Davies,
H. Schmeing, R.E. Azuma (University of Toronto), E.T.H. Clifford
(TRIUMF), K.S. Sharma (University of Manitoba), U.J. Schrewe
(Gottingen), H.C. Evans and J.R. Leslie (Queen's University) and
C. Virtue (University of British Columbia)

Two papers have been written describing our earlier work (see
PR-P-129: 2.14; AECL-7328 and PR-P-136: 2.7; AECL-7982) on precisely
determining the Qgrj differences between pairs of superallowed 0-emitters
(see PR-P-138: 2.4̂ ; AECL-8267). One paper describes the (3He,t) reaction
Q-value measurements performed here with the 03D spectrometer, and the
second paper describes the precision y-ray measurements performed at Queen's
University. Together the two series of measurements were used to deduce
QpC differences and the ratio of ft values between pairs of superallowed p
emitters.

The results were used to test theoretical models for calculating
charge-dependent corrections to pure Fermi 3-decay ft values (see I.S.
Towner and J.C. Hardy, Proc. of the 7th Int. Conf. on Atomic Masses and
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Fundamental Constants, 1984, ed. 0. Klepper; Technische Hochschule
Darmstadt, 1984, p. 564).

3.1.5 The ^-forbidden til Decay of the 2469 keV Level of 3^Ca

T.K. Alexander, C.C. Ball and J.S. Forster with H.-B. Mak and
J.K. Leslie (Queen's University)

The /-forbidden Ml transitions in JilK and J Ca are important because of
their sensitivity to core polarization and meson exchange effects in the
nucleus [see Towner and Khanna, Jour, de Physique _4_5, (1984) C4-519].
Experimentally, the Ml part of the l/2+->-3/2+ transition from the first
excited level at 2469 keV to the ground state of Ca has not been
determined because of the difficulty of measuring the K2/M1 mixing ratio.
Also previous measurements of the mean lifetime, T=360±80 fs and T=260±80 fs
(see Endt and Van der Leun, Nucl. Phys. A310 (1978)1], have not resulted in
an accurate value of the total gamma-ray width. In the present
investigation the mean lifetime of the 2469-keV level of Ca has been
measured by the Doppler-shift attenuation method.

A 40 nA '<0Ca9+ (110 MeV) beam from the TASCC MP tandem accelerator was
used to bombard a He-implanted Ta foil target. Alpha particles from the
He( Ca,a)J Ca reaction were detected in an E-AE silicon surface barrier

detector telescope positioned at 0° to the beam. Coincident gamma rays were
detected in a Ge spectrometer also situated at 0° and surrounded by a BGO
Compton suppressor. A second Ge detector was placed at 122° to the beam and
coincident gamma rays in it were also recorded. The data were accumulated
and analyzed with the P-E 3230 computer system. A preliminary analysis of
the lineshape for the 2469 keV gamma ray gives T=215±30 fs and therefore
I'Y = 3.1+0.4 meV.

By subtracting the shell model prediction of the E2 width T(E2) = 0.2 meV
[see Adelberger et al., Nucl. Phys. A417 (1984)269] from Ty, we obtain
r(Ml)=2.9±0.4 meV. This corresponds to B(Ml)t = 0.008±0.001 ujL a value

that overlaps the measured B(M1)t=0.013+0.005 nj: for the analogue transition

in K (ibid) in agreement with expectations for an isovector transition.
The theoretical value of Towner and Khanna (loc. cit.), B(Ml)t = 0.0023 û .,

is a factor of four smaller than the experimental value for Ca. On the
other hand, the theoretical value for B[(GT)3yCa+39K] of the Ji-forbidden
Gamow-Teller decay of Ca is 12x10"^, a factor of two larger than the
experimental value (5.5± 1.4)xl0~^ of Adelberger et al. The HI and GT
decays are expected to deviate from theory in the same way; thus these
results indicate the desirability of additional experimental and theoretical
work.

3.1.6 Search for

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

The first TASCC beam of ll/i2i+ a t \Q MeV/u was used in an attempt to
synthesize and observe the unknown isotope, Ar, via quasi-elastic
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reactions with a Ca target. The expected * Ar half-life was estimated by
[. Towner (see PR-PHS-P-]: 6.12; AECL-9262) to lie between 1 second and 1
minute. The decay was predicted to populate excited states in K which
could Y."decay through the known first excited 359 keV state. After about 10
particle nA-hours, no evidence was seen of the 359 keV y ray expected to be
characteristic of the t?-decay of Ar.

The L|bCa0 target, 4.5 mg/cm thick, was supported between 0.5 mg/cm nickel
foils and mounted inside the conical target chamber of the gas transport
.system (PR-P-142: 2.42; AECL-9103). Reaction products, expected to be
emitted at around 60°, were thermalized in about 2 atmospheres of 90% He,
10% CHL, . After an irradiation period, which was set at different times from
a tew seconds to a few minutes, the gas was allowed to expand, through
removable cold traps, into a counting chamber located in a low-background
area about 3 m away; the transport time was approximately 150 ms. Again a
number of target-like activities - 45,46,47K>

 hlCa,
 4 7> 5 0oc, 51Ti

and ' 'V - were observed, but no argon isotopes.

As an additional test of the experimental equipment, the CaO target was
replaced with a natural magnesium and a Mg target. Again, a number of
target-like activities were observed, including neon isotopes 23,24^
though not 2 5fje> t|ie com

Analysis is in progress.

though not 2 5fje> t|ie comparable product to Ar.

3.1.7 The He-jet Transport System and its Use for the Study of 5tJFe

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

We have searched for the unknown isotope Fe using the He—jet transfer
system, which continuously sweeps radioactivity from a target location to a
counting location (see PR-P-142: 2.34; AECL-9103). This isotope is of
interest since it should be a superallowed 3-emitter. Its ft value would
supplement the existing pool of information on superallowed $—emitters that
is used as a test of the Conserved Vector Current Hypothesis. Furthermore,
if the 3 decay feeds the 1 + 650-keV state in Mn, as prediction and
systematics indicate, the excitation energy of this state could be
determined to better than ±100 eV. This would significantly reduce the
uncertainty of some reaction Q-value differences measured earlier (see
section 3.1.4 of this report) that rely on the b0Cr(3He,t)b0Mn* (650 keV)
reaction Q-value as an energy standard.

The production method was to bombard a self-supporting Ca target (1.3 to
5 mg/cm2) with a 35 MeV to 55 MeV 12C beam. The isotope bUFe would be
produced by a 2n fusion-evaporation reaction. The expected yield, according
to the Alice fusion-evaporation code, would be about 5000 atoms per second
with our beam intensity of about 100 particle nA and a 1.3 mg/cm target.

Our observations were that: 1) no Fe was observed; 2) the yield of
•'"mMn(ti/2=l•76 m), the lpln evaporation channel, approximately agrees
with that of the Alice code; and 3) the yield of 49Mn (t!/2=384 ms), the
Ip2n evaporation channel, is lower than the expected yield, based on the
Alice prediction and a 30% gas-transport efficiency, by about three orders
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of magnitude. This might be partly due to its sub-second half-life and the
dwell-time of the activity in the transport system.

If the He-jet transfer system is characterized by a long dwell-time, then a
large amount of Fe activity would also decay before reaching the counting
chamber since its half-life is estimated to be comparable to that of 4 9Mn.
Since the expected 50Fe yield is about 1/40 that of the 49Mn yield, it could
yield only 1 y-ray event every 16 seconds. Just the same, at this rate the
650 keV y-ray should still have been present in one of our half-hour runs.
This suggests that one or more of the following apply: the Alice prediction
for the 2n evaporation channel yields are over-estimated, the Fe half-life
is significantly shorter than the 380 ras half-life of 49Mn or the b0Fe
6-decay is a pure ground-state to ground-state decay.

Further experiments will try to find the reason for the observed low Mn
and Fe yields through measurements of the dwell-time of radioactivity in
the gas-transport system. In addition, the Alice code could be tested by
comparing its predictions with the measured yields of Mn, Fe and Mn
from Ca( N,xpyn) reactions.

3.1.8 Analysis of the g-delayed Proton Decays of 99Cd, U 3 X e and U 5 X e

J.S. Guo, J.C. Hardy and E. Hagberg

The new analyses of the 0-delayed proton decays of 99Cd, Xe and 1 5Xe are
now complete (see PR-P-142: 2.5; AECL-9103). Reasonable agreement was
achieved between calculation and all measured experimental data: energy
spectra, proton branching ratios, average level lifetimes and fluctuation
variances. No narrow resonances were indicated in the g-strength functions,
although a stronger energy dependence is required than that predicted by the
"gross theory".

The results can now be written for publication.

3.1.9 The Decay of lt>:Gd

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

The light gadolinium isotopes are of interest because of their proximity to
the proposed doubly closed nuclide 4bGd. Studies of the decays of these
neutron-deficient isotopes therefore offer an opportunity to study nuclear
behavior along the Z=64 sub-shell in the vicinity of the N=82 closed shell.

The decays of 142-144^ n a v e recently been investigated at the Foster
Radiation Laboratory of McGill University. Attempts were also made to
produce Gd with He beams from the laboratory's cyclotron. Although

Gd was seen, its production rate was small and its decay signatures were
dwarfed by strong contaminants produced in the same reaction. Subsequent
calculations (PR-P-142: 2.6; AECL-9103) indicated that 141Gd may be produced
more cleanly with a iZS beam on a 112Sn target.
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A test experiment was performed at CRNL with 160-167 MeV ZS beams from the
tandem accelerator. The test showed that the production rate of Gd is 9
times higher at CRNL than at McGill. Furthermore, the production rates of
contaminants are in all cases lower by a factor of 2 or more at CRNL when
compared to the McGill data. The conditions for a detailed study of the
decay of Gd are therefore very favourable at CRNL and there is also a
possibility to study Gd as well. Preparations are now underway to move a
complete conversion electron spectrometer from McGill to CRNL in
anticipation of a major experiment here.

3.1.10 Lifetime Measurements of High-Spin States in 1SSTm

H.R. Andrews, D.C. Radford, and D. Ward with J. Gascon, P. Taras and
F. Banville (Universite de Montreal)

i S M

Analysis of the experiment to measure lifetimes of high-spin states in Tm
has been completed (PR-P-142: 2.7; AECL-9103) and the first draft of a paper
circulated for comment.

3.1.11 Decays of Neutron-Deficient Tantalum Isotopes

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

Alpha decays provide a convenient and precise way of measuring the mass
difference between an a-emitter and its daughter nucleus. Providing that
the mass of one of the two nuclides connected in the a-decay is known then a
measurement of the a-decay energy constitutes a measurement of the mass of
the other nuclide.

Alpha decay is a common decay mode for neutron-deficient nuclides close to
the Z=82 shell. In this region of the chart of nuclides up to 10 nuclides
are linked together in long chains by successive a decays. The mass
differences between nuclides in such a chain are therefore well known but,
for many chains, none of the nuclides has a known absolute mass. For such
cases the determination of the absolute mass of any one nuclide in the chain
would automatically yield the absolute masses of all other nuclides in the
chain. Quite often the missing link between a chain and a nuclide with a
known absolute mass is a weak, unknown a-decay branch.

The decays of lb0-lfc3Ta are poorly known. The u decays of 162-163xa are
not known but their observation would provide the missing links between
a-decay chains and nuclides with known absolute masses.

We have started investigations of the possibility of producing
neutron-deficient Ta isotopes with beams from TASCC. Calculations indicate
that good yields may be expected for 16l-163xa with a 5.6 MeV/u

 1 2 7I beam
on a Ca target and that moderate yields may be expected for Ta with the
same beam-target combination. A short test experiment has been performed.
In that test the a decay of Ta was observed for the first time. Also, a
tentative assignment of an a group to lb Ta was confirmed and its half-life
was measured for the first time. Analysis of this experiment is in
progress. The results so far have been very promising and another
experiment, aimed at investigating the decay of Ta, has been scheduled.



3-8

3.1.12 Lifetimes for High-Spin States in m 0 s

T.K. Alexander, H.R. Andrews, G.C. Ball, D. Horn, D.C. Radford and
D. Ward, with P. Taras, J. Gascon and F. Banville (Univ. de
Montreal), J.C. Waddington (McMaster University) and A. Christie
(Queen's University)

A TASCC beam of 1 Z 7I at 711 MeV (degraded to approximately 600 MeV in a 4 mg
cm"2 lead foil) populated high-spin states in 1740s by the reaction

V( ' I, 4n) on a metallic vanadium target. Gamma spectra were studied in
two HPGe detectors, each with a BGO suppressor system, positioned at
Q=±146°. These detectors were triggered by an identified neutron event in a
cylindrical 12.7 cm diameter by 12.7 cm long NE 213 scintillation detector
situated at 9=0°.

Recoil dis^nce curves for states 4 + through 20 + were measured from 7 pm to
5 mm. For this experiment, the stopping plate in our apparatus was replaced
by a stretched gold foil of 7 mg cm~ which acted as a retarder for the

Os recoils; thus the photopeaks analysed could be designated fully
shifted (v/c « 7%) and partially shifted (v/c « 5%).

Analysis of the spectra is in progress at Montreal. The on-line analysis
was encouraging and we expect to obtain good lifetime values up to at least
spin 18. These data will provide a look at how nuclear shapes evolve with
increasing angular momentum in a region of the periodic table that has
received little attention.

3.1.13 The Interpretation of the "Influence" and the "Flow-of-information
Matrix" in the Least Squares Analysis of Experimental Data

W.G. Davies

In two earlier reports, PR-P-142: 2.13; AECL-9103 and PR-P-140: 2.41;
AECL-8648, we defined two powerful new concepts in the least-squares
analysis of data. They were the "influence" Fj^ of a particular datum
1^ on each of the parameters of the fit x^ and the "significance", Sj,
of a datum lj on all of the parameters. Several theorems were proved
which established many of the properties of F ^ and S^. Although, the
properties of the "significance" were well established, some properties of
the "influence" were not so well understood. In particular the precise
meaning of and conditions under which negative influences occurred and
especially influences whose absolute values were much greater than unity
were only partially understood. Here we report the results of a number of
theorems which bear on this problem. The major conclusion of these theorems
is that large positive and negative influences occur when the parameters are
highly correlated, for example when the least-squares problem is poorly con-
ditioned. Values of I F J ^ I M never occur in well conditioned problems.

We have established a measure of the degree of conditioning of a least
squares problem by

T N N - 1

< = j /Wp] (la)
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where T = tr(A) and A is the "normal matrix" or "information" matrix,
Zi = det
One can

A , and N is the number of free parameters.
show that

(lb)

When eq. lb is an equality then K = 1 , and the problem is perfectly
conditioned. All of the influences are positive, semi-definite and less
than or equal to unity. In fact all of the correlation coefficients ruj3
connecting the parameters must be zero, and A is diagonal.

We have also shown that:

i) If the partial information matrix (see PR-P-142: 2.13; AECL-9103)
A (A=)_ A ) for datum j carries information only to a single parameter x ,

then AJ is diagonal and

°£Fj<
ii) If all correlation coefficients
sufficiently small

0 < FH,

< e where e <<1, then for e

for all j , a independent of the value of <. (As < becomes larger, e must
become smaller.)

iii) If one correlation coefficient, say rao, connecting x u and Xg has

then F. (2)

for at least one value of j, y and eq. 2 will be true for most j with large
values of the significance except where datum j carries no information to
parameters u or B.

iv) If all of the parameters are highly correlated, that is r w K 1 for
all A, Y ' '

then » 1

for all j,a except where datum j carries information to only one parameter.
Cases iii) and iv) will always have

In fact, case iv) represents a highly singular problem and the values of the
parameters obtained may not be meaningful.
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Thus in conclusion, we see that "influences" F. >1 are an indication that

the problem is poorly conditioned and that strong correlations exist between
some of the parameters. These correlations are easily identified from the
co-variance matrix. Positive Fia indicates that datum j carries
information into parameter x a and negative influences indicates that datum

M
" j " takes information out of parameter a. (Note: ) F = 1.)

j J A

In "well-conditioned" problems most values of F ^ will satisfy the
inequality

0 _< FjY_< 1

for all values of j, y« Small negative influences do not indicate a problem
with the data or the results.

3.1.14 Perkin-Elmer Based Nuclear Data Sheets and Gamma-Ray Catalog

V.T. Koslowsky with M. Thompson and R. Roiha (Mathematics &
Computation Branch)

Magnetic tapes of the Nuclear Data Sheets for A equals 1 to 263 were
obtained from the National Nuclear Data Centre (NNDC), Brookhaven National
Laboratory, and placed on our Perkin-Elmer disc. They contain information
compiled by NNDC up to February 1986. They can be easily accessed with the
on-line editor. In addition a magnetic tape containing the y~ray catalog of
U. Reus and W. Westmeier, (Atomic Data and Nuclear Data Tables, Volume 29,
Numbers 1 and 2) has been ordered. It is intended that the y-ray catalog
also reside on a P-E disc.

3.2 INSTRUMENTATION AND FACILITY DEVELOPMENT

3.2.1 ISOL: Operation

H. Schmeing, J.C. Hardy, J.S. Guo, E. Hagberg, V.T. Koslowsky,
W.L. Perry and J.S. Wills

The isotope separator, now fully recommissioned at its new location, has
been used for numerous off-line tests. Toward the end of the report period,
our first on-line run took place. The helium jet-skimmer ion source was
used because the direct delivery of TASCC beams to the separator ion source
requires the installation of the Phase II beam transport system.

This source had been tested just before the tandem accelerator was shut down
in 1982. At that time, it yielded 25A£ with an efficiency 5 to IX of that
of the He jet alone. We recommissioned the source early in this report
period, incorporating provisions for rapid filament changes. The on-line
run concentrated on the production of Mn from the reaction
l+OCa(12C,pn)5OMn at E(!iiC)=66 MeV. The yield of the ion source for
manganese, 0.3%, was somewhat disappointing; under similar conditions the
FEBIAD source has yielded 10%. More exploratory runs are planned for the
near future.
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The off-line developments were aimed at establishing bench marks for tiio
efficiency of our standard Bernas-Nier type ion source. The usual
definition of the ion source efficiency is the ratio of total extracted beam
to the inlet gas flow, both in atoms/sec. This definition disregards the
fraction of the total beam associated with the wanted 1+ charged beam, as
well as any transmission restriction through the magnet. For argon, the
only gas used in these tests, the best efficiency measured was 12%. This
value is almost a factor of 3 below 35%, the highest efficiency claimed
in the literature for similar sources (albeit with a longer slit). After a
series of careful measurements, we cannot offer an explanation for the
discrepancy. Also, we have consistently observed that our beam quality does
not deteriorate with increasing beam intensity. This is contrary to what
has been observed elsewhere.

3.2.2 ISOL: Instrumentation for Direct Mass Measurements

\l. Hagberg, R.T. Fredericks, A.P. Jarvis, S. Whittle, K.J. Sharp,
L. Kucholtz, H. Schmeing, J.C. Hardy and V.T. Koslowsky with
K.S. Sharraa and R.C. Barber (University of Manitoba)

The installation of hardware required for computer control of the ISOL is
continuing (PR-P-142: 2.11; AECL-9103). The University of Manitoba CAMAC
crate has been hooked up, via a loop-bypass unit, to the serial highway
controlled by the Perkin-Elmer computer. Modules in this crate can now be
accessed either by the Perkin-Elmer computer through a standard, serial
crate controller or by the local IBM PC through an auxiliary crate
controller. These two data links have been commissioned.

Tliree CAMAC modules have been ordered by the University of Manitoba. Two
GKC [GORs are intended for the control of peripheral devices and a OS quad
sealer is needed to record the elapsed time in the various stages of P.
direct mass measurement cycle.

Two IGOR interfaces have been built at CRNL. The first interface translates
the IGOR signals into TTL and NIM logic levels. It will be used to turn on
and off external devices. This interface has been commissioned. The second
interface will be used to write and read 16-bit data words to a digital
voltmeter. It is presently being tested. A 16-bit SEC digital-to-analogue
converter has also been commissioned.

Writing of the software that will control the ISOL and acquire the data for
a direct mass measurement has begun. A program that will prompt the user
for all necessary parameters needed for the control of a mass scan, data
acquisition and on-line analysis is almost completed. This interactive
program, which relies heavily on calculated default values, takes all the
user-supplied information and writes it onto a disc-file. A master
acquisition program, yet to be written, will use the contents on this
disc-file for the actual control of the ISOL and the data-acquisition during
a measurement cycle.

The analysis of acquired data will be a three-stage process. The first
stage is an interactive program that allows the user to specify peak and
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background limits for the decay signatures of interest. This information
will be written to disc. A second program will use the disc-file to analyze
the acquired decay spectra and generate mass spectra and voltage spectra.
Tlie third program will calculate mass differences from the two latter types
of spectra. The first program has almost been completed. Work on the
second program is half-way and work on the third program has not yet begun.

3.2.3 ISOL: Status of Manitoba - Chalk River On-line Mass Spectrometer

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

A "major installation grant application" was submitted to NSERC by the mass
spectrometer group at the University of Manitoba on October 1, 1985. The
proposal is aimed at. adding a high-resolution mass spectrometer to the
on-line isotope separator at Chalk River at a cost of approximately $700 k.
A similar application was rejected by NSERC in March 1984, and again in
March 1985, for lack of funds. Firmly convinced of the scientific merit of
this proposal, and having been strongly encouraged by NSERC's own scientific
evaluation committee, we decided to re-submit the proposal. In April, 1986,
we were informed that the project had been rejected for the third time. The
scientific evaluation was as positive as ever before, resulting in a very
high ranking among the competing projects, but the project was not
supported, again solely for lack of funds. We are now trying to widen the
support for the project by inviting other Canadian scientists to
participate.

3. 2. k 8TT Spectrometer: Site Development

U. Ward, II.R. Andrews, D.C. Radford, L.V. Smith, J. Lori, J. Hill,
P. Jones and R.L. Brown with W. Mellors and W.E. Muth (MED Branch)

The mechanical structure has been assembled at the interim site. The split
line around the inner sphere was considered weak, and has been reinforced by
steel plates. A welded steel structure to support the cable runs from the
instrument to the electronic racks has been erected. Work is in progress to
align the two halves of the structure preparatory to trial loadings with
dummy instruments.

The interim beam line extension to the spectrometer is nearing completion.
Major components such as ion pumps and quadrupoles have been installed and
the quadrupoles have been commissioned.

3.2.5 8TT Spectrometer; Sub-frame Assembly

D. Ward, H.R. Andrews, D.C. Radford, N.C. Bray, L.V. Smith, J. Lori
with W. Mellors and W.E. Muth (MED Branch) and J.C. Waddington
(McMaster University)

Each detector or detector system in the spectrometer is mounted on its own
type of sub-frame which then attaches to the main structure. Delivery of
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all sub-frame types has been completed and assembly is in progress. The
status of assembly is given in table 3.2.5.1. Alignment of detectors on
these sub-frames is a critical part of the project and has necessitated the
design and manufacture of a variety of special jigs and gauges.

Handling the main suppressors is particularly troublesome because of their
weight and fragility . An extraction/insertion tool has been manufactured
which considerably simplifies handling of the suppressors.

Table 3.2.5.1: Status of delivery and sub-frame assembly

Total Delivery Sub-frame
Detector Type Required (86 June 01) Assembly

BGO hexagonal 60 20 18
BGO pentagonal 12 7 1
HPGe 20 20 5
BGO Suppressor 20 16 1
BGO insert 20 17 5
BGO entrance cap 20 0 0

3.2.6 8TT Spectrometer: Status of Detectors

D. Ward, H.R. Andrews, N.C. Bray, J. Lori, D.C. Radford and
L.V. Smith, with P. Taras (Univ. de Montreal) and J.C. Waddington
(McMaster (University)

BGO Hexagonal Detectors

Harshaw-Chemie BV has delivered 20 of the 60 hexagonal detectors. Of these,
only one failed to meet mechanical tolerance; it was returned for
reencapsulation. All detectors perform better than the prototypes, the best
having a resolution for Cs of 15.3% and the worst, 20.4%. The average is
about 17.5%. Delivery is scheduled to be completed by 86 September.

BGO Pentagonal Detectors

Bicron Corp. has delivered 7 of the 12 pentagonal detectors. These greatly
exceed the performance of the prototypes, the best having a resolution of
11.1% and the worst 12.5% for 1 3 7Cs. Their uniformities of pulse height
response with respect to the position of the event within the crystal is
typically ± 1% and their resolution scales closely with /Ey dependence.
The remaining 5 detectors have been shipped, but not yet received.

BGO Axial Suppressors

Bicron Corp. has completed its order for 9 suppressors. After some
negotiation, the universities have cancelled 3 of the order for 9 from
Harshaw-Chemie BV and have ordered another 3 from Bicron Corp. A total of 5
suppressors have been received from Harshaw-Chemie. Including prototypes,
we now have 16 delivered. Although a few are just better than the
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specification, the majority considerably exceed specification and give a
complete separation between the Am photopeak at 59 keV and phototube noise.
(The specification calls for a peak-to-valley ratio of 3:1 between this peak
and the rise of noise.)

BGO Inserts

Blcron Corp. has delivered 17 of 20 detectors ordered.

Entrance Caps

The design of the entrance cap was revised several times before the full
order for 20 was awarded to Bicron Corp. without a prototype being
required. The final design is for a monolithic, right-cylindrical annulus
of BGO viewed by two 1/2" Hamamatsu tubes of the type used on the insert
detectors. The inside of the BGO is tapered to match the collimation of the
HPGe detectors. No detectors have been delivered; however the order is
scheduled to be completed by 86 Oct 01.

Because the space available for the entrance cap detector is extremely
limited, it has been necessary to develop a remote passive base coupled to
the PMT via 45 cm of multiconductor cable. This scheme has been tested
successfully on an insert detector (a virtually equivalent detector). There
was no detectable degradation of performance relative to a conventional
base.

3.2.7 'Sit Spectrometer: LN^ Filling System

H.R. Andrews, D.C. Radford, D. Ward and N.C. Bray with P. Taras
(Universite de Montreal) and J.C. Waddington (McMaster University)

Most of the components for the LN^ system are on site and a Camac station on
the Perkin-Elmer serial highway is being set up to begin bench testing and
software development with a prototype system for cooling two detectors.
Home-built boxes for system control and solenoid power switching have been
completed; a box for sensor interfacing is not yet finished.

An improved and simpler design for the filling bayonet has been tested and a
full complement completed at a substantial saving over the cost of a set of
commercial units.

3.2.8 8TT Spectrometer: Target Chambers

N.C. Bray, D. Ward, D.C. Radford and H.R. Andrews

Initial commissioning experiments for the 8TT spectrometer require only a
relatively simple target chamber; however the nature of the spectrometer
presents unique problems. A chamber has been designed and is presently
under construction. Its main features are 1) minimal absorption of y
radiation in all directions, 2) target changing capability without opening
the spectrometer and 3) precise positioning of the target in the geometric
centre of the ball.
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The beam enters through a missing pentagonal detector location. Up to four
targets can be held on a wheel that is rotated by a direct mechanical
linkage from outside the vacuum and outside the inner BGO ball. Access to
the target wheel is obtained by opening the spectrometer and removing the
thin hemispherical aluminum cap of the chamber. This chamber is not
intended for operation with a through beam.

3.2.9 8TT Spectrometer: Status of Electronics and Data Acquisition

D. Ward, D.C. Radford, H.R. Andrews, L.V. Smith, J. Lori with
J.C. Waddington (McMaster University) and P. Taras, J.P. Martin,
M. Beaulieu and G. Ayotte (Universite de Montreal)

Virtually all the electronics, interfaces and cables required for start up
of the spectrometer are delivered and tested. The PDP 11/73 computer and
associated electronics is scheduled to be shipped from Montreal on
86 July 07. The status of special modules is as follows:

300 ball element preamps

The required set of BGO preamplifiers, designed and assembled at CRNL, was
delivered and tested successfully.

Preamplifier power distribution

The required complement of NIM modules to distribute preamplifier power was
delivered and tested successfully.

Time-to-width converter

Prototypes were successfully tested at CRNL and Montreal. Production of
the required modules is in progress at Montreal.

BGO suppressor preamplifier

The second prototype was successfully tested at CRNL and Montreal.
Production of a complete set is in progress at McMaster.

Hit pattern register LRS-2376

This module will not meet our requirements because of design changes at
LeCroy. We are planning to have the module designed and built at CRNL.

3.2.10 Multiparticle Facility

D. Horn, M.G. Steer, G.C. Ball, E. Hagberg and J.S. Forster with
L. Potvin (Laval University)

Phase II Facility

Recent progress includes a CAD development of the 72-faced polyhedral
detector geometry and construction of a steel shell prototype detector
module (see PR-PHS-P-1: 7.32; AECL-9262). Also, Mechanical Equipment Design
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Branch and Mechanical Equipment Development Branch have submitted a
conceptual design for a large vacuum vessel about 3 m diameter x k m long,
along with a support structure for the 4it array of 72 Bragg-curve detector
modules. It is estimated that 35 weeks are needed to produce detailed
drawings of the vacuum vessel and support structure.

1.75 in Scattering chamber

Two support frames for liquid-cooled Si(Li) detectors have been installed on
the turntable of the scattering chamber. A third support frame is attached
to a motorized detector carriage that is moved by a geared stepping motor
running in a circular gear rack. Digital readout of its position is done by
.i shaft encoder/gear reducer running in the same circular gear rack. This
system is being tested and calibrated.

3.2.11 Data Acquisition

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

The software for controlling the CAB (CAMAC Booster) has been incorporated
into the software for the general purpose data scanner and has been fully
tested under experimental conditions.

Changes in the ORKL software have been made to enhance ease-of-use and
compatibility with our hardware configuration as well as to incorporate many
improvements suggested by users. The kinematics program, RELKIN, has been
modified to include theoretical calculations of atomic masses.

The Trilog printer/plotter has been interfaced to the CAMAC serial highway.
This results in faster plotting and better timesharing of the PE-3230 CPU.

We have recently evaluated the full screen editor (MEDIT) which was supplied
for test purposes by t-'erkin-Eimer. It was found to be more flexible and
easier to use than the current line editor. A purchase order has been
placed.

Tests using WCS (Write Control Storage) for existing (ORNL) data analysis
routines have shown conflicts with system routines. Attempts to overcome
these problems are in progress.

3.2.12 Data Acquisition and Hardware Development

J. Sharp and L. Bucholtz

CAMAC Serial Highway Bypass Units

As reported previously (PR-P-142: 2.40; AECL-9103), three more bypass units
were to be built, so that the PE-3230 CAMAC serial highway could be extended
out into the 8TT experimental area and the TASCC interim experimental target
areas. Since then these units have been built for us by a small private
wiring assembly company, "Hi-Q Inc." of Carleton Place. Except for some

- _1 ! 1
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Tests have been made with our present CAMAC serial highway and the bypass
units to discover the maximum rates at which data can be reliably
transmitted. Reliable rates up to 5 MHz have been achieved, but, because of
other limiting factors, serial highway operation has been limited to
1.25 MHz for the time being.

Installation of the serial bypass units and extension of the CAMAC serial
highway to the 8TT experimental target area and the interim target areas has
been delayed pending the installation of the instrumentation cabinets for
the serial bypass units and CAMAC crates.

Lecroy Transient Recorder Auxiliary Crate Controller

A CAMAC auxiliary crate controller has been built to control the transfer of
data between the transient recorder and a Lecroy CAB Triple Port Memory 4302
module to reduce the transfer of data read from a Lecroy 32 Megacycle/second
Transient Recorder, Model TR8837F into the P.E. 3230 data acquisition
systems. Data are transferred directly from the recorder's storage memory
to the auxiliary crate controller ECL output port at rates up to 2 MHz.
This is two to three times faster than reading the contents of the recorder
storage memory via a conventional CAMAC transfer cycle. The read data are
transferred directly into the ECL input port of a type 4302 Triple Port
Memory, where it is then stored for a preliminary data analysis and
compaction by the LeCroy CAB.

Multiconductcr Cable Tester

Last year in response to a company-wide request for ideas that could be
utilized for commercial development, a multiconductor cable-tester design
was proposed based on one already developed several years ago. The
prototype cable tester has been built as proposed and is now being
considered for an outside licensing agreement between the company and a
private enterprise.

Miscellaneous

To facilitate a fast maintenance back-up and repair to the Perkin Elmer 3230
data acquisition systems, three separate CAMAC modules have been built as
spares. These are a 4096x16 CAMAC Fifo module, a CAB Fifo module and a
Trilog printer control module. A Chromatics display CAMAC communications
module with differential control handshaking has been built but has yet to
be installed. This module will allow the displayed contents of the
Chromatics display system to be rapidly transferred to and from the P.E.
3230 data computer, via the CAMAC serial highway.

Plunger Control Module

A triple channel CAMAC plunger control module has been built for use with
the 8TT spectrometer. It contains three separate motor control channels and
is able to monitor the status of these motors simultaneously. At the
present time the unit is being bench tested.
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3.2.13 TASCC Electronics Pool

E. Hagberg and R.L. Brown

Four of our recently delivered ORTEC 4001 NIM crates were found to suffer
from mechanical alignment problems. These have been replaced, free of
charge, by the manufacturer. So far we have not had any problems with the
replacement crates. Three new ORTFX 402D NIM power supplies have been
ordered. They will be used as substitutes for three 20 year old Hainner
supplies that no longer meet specifications.

The acquisition of data through CAMAC has so far been possible through a
loan of a CAMAC crate and controller from the 8TT collaboration. This
equipment has to be returned in the near future. A replacement crate and
controller has been purchased by Nuclear Physics Branch and delivered to
CRNL.

Minor loans of equipment have been made to the University of Guelph and to
Queen's University.

3.2.14 TASCC Electronics Development

J.P.D. O'Dacre, A.P. Jarvis and M.J. Shea

A control chassis for the LN2 filling system of the 8TT spectrometer has been
designed, constructed and turned over for commissioning (see PR-P-142: 2.20;
AECL-9103).

One interface unit for connecting a Fluke 8502 DVM to CAMAC with optical
coupling for circuit isolation has been constructed and turned over to the
ISOL group.

A Global Status Generator chassis, which interfaces the cryogenics
electronics trip information with the fault annunciator panel in the control

room and provides a local alarm in the equipment area, has been constructed

and installed.

The design of the cryogenic system computer interface is complete and
construction has started.

A second oven control system chassis for the 834/860 ion sources has been
constructed and tested.

3.2.15 Target Laboratory

P. Dtnytrenko and D. Phillips

The target laboratory has recently been involved in the development of
target materials for use with both tandem and cyclotron beams. Materials
and targets were prepared for commercial sales to external facilities.
Support services were provided to other CRNL branches and for the
development of potential commercial revenues through Unit 2000 ideas.
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Preparations of Materials for Nuclear Physics Experiments

Stripper foils of various configurations have been produced for the tandem
and the cyclotron. Targets of the following materials have been fabricated:
1 0B, 4 8Ca, 3 /Cl, U 2 S n , Ca, Pb, Mo, Ta, V, Sb2S3, C, Au.

The target lab vacuum systems have also been utilized for degassing epoxy
adhesives used in repairing Bicron Phoswich modules and also for vacuum
testing of residual gas analyzer detectors for the Operations group.

Neutrino Mass Measurement

The role of the target lab in neutrino mass studies has been to provide
various sources and materials. Stretched polypropylene films were vacuum
coated with Au and Cr and spray coated with cellulose nitrate. Deuterated
Ti sources were fabricated. Studies were carried out to determine optimum
surface preparation of substrates, used for neutrino mass measurement
sources. Radioisotope sources of Ni and Yb were prepared for use in
the iron-free beta spectrometer.

Preparation of Materials for Other CRNL Branches

Laser mirrors have been Au coated and multiple evaporations of alloys on
ceramic substrates were performed for the Physical Chemistry Branch.

Samples of B coated zircalloy were prepared for the Neutron & Solid State
Physics Branch.

Preparation of Materials for Commercial Sales

Natural and isotopic carbon foils were produced for commercial sales to:
Oak Ridge National Laboratory, Daresbury Laboratory (England), Ohio State
University, University of Wisconsin-Madison and the KKY Co. of Japan.

INTDS Conference at CRNL September 17-19, 1986

Preparations are well under way for the organization of the 13th
International Nuclear Target Development Society Conference to be held at
Chalk River from Sept. 17 to 19, 1986. Mailings and calls for abstracts
have been sent. Contacts have been made with corporate sponsors and
potential participants. Both on-site and off-site services have been
arranged.

3.2.16 Operation of the TASCC Phase I Beam Transport System

W.C. Davies

The beam transport system has operated reliably throughout the period.
Beams of 12;i7+ at 70.8 MeV (10 MeV/u extracted from the cyclotron) and
42.2 MeV i^/ifa+ (5.6 MeV/u from the cyclotron) have been used routinely for
Accelerator Physics and Nuclear physics experiments. Also a C^+ beam at
35.8 MeV was set up for buncher tests.
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The set-up procedures and diagnostics systems are working well. A program
has been written to transfer the output data from CYCMATCH, Q78FIT and
IMAKIT (see PR-P-142: 2.25; AECL-9103) to the control computers. Automatic
liTS startup has been achieved, with the new BTSTSK, written by W.F. Slater;
BTSTSK is now routinely used for starting up the beam transport system.
Kxcept for the usual evolutionary improvements, the injection and bypass
beam line procedures are complete and are currently being documented.

Considerable effort has been put into training of the TASCC Operations
personnel. A series of lectures on basic beam optics was given and
operational training sessions conducted. The training program is about 50%
ronip lete .

A problem with the theoretical treatment of the fringing-fields in dipole
magnets has been discovered by comparing the predicted beam properties with
the measured properties. The standard form used in TRANSPORT (K.L. Brown et
il. SLAC-91 Rev. 2, 1977) does not give good agreement with measurements and
indicates that the axial (Y) fringe-field correction is too great. The
problem is being investigated.

3.2.17 Design of a New X-Y Steerer for the Extraction System of the
Superconducting Cyclotron

W.G. Davies

A new X-Y steerer has been designed to replace Horizontal (X.) Steering
Magnet 2 in the extraction system of the superconducting cyclotron. The
design requirements were: 1) to replace the X steerer by an X-Y steerer at
the same location; 2) to increase the steering power by a factor of 1.3 to
1.5; 3) to use, if possible, the currently available 200 W steerer power
supplies .

Three possible designs were considered:

a) A "box" steerer - a square, open-ended box of iron which forms the
poles with the coils wound on each side of the box.

b) A double "cos 0 dipole", in which the current or winding-
distribution goes as cos 0 of the azimuthal angle. If the current
distribution on a circular yoke goes precisely as cos 8, then the
magnetic field is a pure dipole over the full aperture of the magnet.

c) An 8-pole approximation to b).

The Box steerer design (a) was chosen because it satisfies all of the design
requirements, and has acceptable field homogeneity. The cos 6 design has
excellent homogeneity but requires more than the 200 Watts available from
the standard power supply, and has expensive coils. Design (c) also
requires too much power and has significantly worse field homogeneity than
the box steerer, especially near the edges of the usable aperture, which is
•in mm.
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3.2.18 The TRIUMF Radioactive Boams Facility

E. Hagben;, J.C. Hardy ar,d H. Schmeing

A proposal was submitted to NSKRC by a joint Canadian/American/German group
for an optimization study of a radioactive beam accelerator facility based
on an ISOL at TRTUMF (see PR-P-142: 2.39; AECL-9103). A special
international NSERC committee visited TRIUMF to judge the proposal in
February. Although the committee recommended funding the feasibility study,
NSERC had insufficient funds to do so. A reduced experimental study program
is proceeding, supported entirely by TRIUMF. No further direct involvement
of CRNL personnel is planned at this time.

3.2.19 Bragg-Curve Detect;or

C.A. Sims and G.A. Tapp with U. Horn, M.C. Steer, G.C. Ball and
E. Hagberg (Nuclear Physics Branch) and L. Potvin (Laval University)

See PR-PHS-P-1: 7.32; AECL-9262

3.2.20 Foil Stretcher

G.A. Sims and M.A. Lone with M.G. Steer (Nuclear Physics Branch)

See PR-PHS-P-1: 7.33; AECL-9262

3.3 PHASE II

3.3.1 TASCC Phase II

H. Schmeing and J.C. Hardy

The Request for Authorization (RFA) for Phase II of the TASCC facility was
approved by AECL's Board of Directors on February 28, 1986. Phase II of the
TASCC project provides the beam distribution system for the facility. In
order to minimize the risk associated with implementing new technology, its
approval had been contingent on successful acceleration and extraction of
the cyclotron beam. The RFA proposes a total of nine target locations. It
includes the complete safety system and a second injector for the tandem
accelerator. The approved cost is $10,799,600.

The implementation of Phase II has commenced. A project management team was
set up involving personnel from Project Management and Supply Division,
Plant Design Branch, and Nuclear Physics Branch. A detailed project
schedule is almost complete, and the first purchase orders will be issued
shortly.

3.3.2 Beam Line Vacuum System

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

Since the allocation of Phase II responsibilities in early May, we have been
busy identifying the work and material necessary to build and commission the
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high energy beam transport vacuum line from the existing dipole, BE1, to the
nine proposed target locations. In particular we have: 1) itemized the
material and components necessary for the Phase II beam line; 2) prepared
quotation requisitions for all the mechanical components; 3) estimated our
cabling and connector requirements; and 4) prepared drawings indicating the
location of electronic vacuum control equipment, water flow meters, etc.

After consultation with various working groups, we propose to:

1) Merge vacuum sections lp and 2p, the vacuum sections that include
BH1 and BE2, into one vacuum section. This will reduce the amount
of vacuum control equipment and result in an estimated saving of
about $20 000.

2) Install elevated flooring along one side of the beam line from BE-2
to BE-6 in order to facilitate the installation of plumbing and
electrical services.

3) Install four additional beam stops in order to prevent a high
energy TASCC beam from damaging closed gate valves and to provide
some redundancy in the radiation safety system.

4) Provide five bridges along the beam line to facilitate easy access
to rooms 108 and 122 and access to both sides of vacuum sections
2p, lq and 2q.

The most important work remaining is to prepare our electronic requirements
and drawings fci' detailed c^st estimation.

3.3.3 Beam Transport System Magnets and Power Supplies

VI.G. Davies and R.L. Brown

The specifications for the beam transport magnets and power supplies for
Phase II of TASCC have been revised to conform with the laboratory layout
approved by management in the RFA. A contract has been negotiated with
Scanditronix/Danfysik to build this equipment. The contract was signed in
early April and design is proceeding on schedule.

The magnetic design of the dipoles is complete and the mechanical design is
well advanced. Only the field clamps and the dipole mounts have not been
designed. The switch gear design is also well advanced. Design has started
on the quadrupole magnets, the steerer power supplies, and the multiplexed
digital system that reads back the current output of each dipole and
quadrupole power supply.

3.3.4 Shielding Walls and Doors

E. Hagberg

The layout of the shielding walls and the movable shielding doors of the
final TASCC facility (PR-P-139: 2.22; AECL-8554) has been updated to take
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into -iccMint changes in the scope of Phase II as well as recent experimental

rL'tp: i ri.-n • •nr s . Preliminary estimates of the materials, man-h:;urs and costs

i iiv. I v."1'! LI: the construction have been made. A new mastei drawing has been

•:vv.' :::,: li'^••l^sinns nf the structural soundness of the proposed w.-iils has
;'.>r•••••' • •-. •";'•:: v.d Mechanical Design Branch. All existing survices that

••' ' , . • ' • :.'••:• construction of the new walls have beer, identified.

3.4 :.- -• -.•': -'!H..1M/\FY -'.ESEARCH

?.•';. 1 A S L ; •'..••.• .: ;i. • • •:• :-Vir :.i_hme!'.r. P r o c e s s e s

H. Sc''me: •,• .••'-.;• t1. .i Burrill, D.K. Evans and K.J. Franklin
(Physical . • ••: v • . >. h) and W..J.L. Buyers and K.D. McAlpin
;':• .Lro;i ,\ c -i. ; • :• -••!• ::ce Branch) and J.G. Melvin (Rad. App. &
rsotopes)

'. survey with the title given above has been prepared. It will be
available as CR.ML Report 4043. For details see PR-P-CPD-11P-A, Section 3.

3.5 PUBLICATIONS AND LECTURES

a) Publications

PARITY MIXING OF 0+ AND 0" LEVELS IN" L'' F

H.C. Evans, G.T. Ewan, S.-P. Kwan, J.R. Leslie, J.D. MacArthur, H.-B. Mak,
W. McLatchie, S.A. Page, P. Skensved, S.-S. Wang, A.B. McDonald, C.A.
Barnes, T.K.. Alexander and E.T.H. Clifford
Phys. Rev. Lett. _55 (1985) 791.

NEUTRON & PROTON POLARIZATION CHARGES FROM E2 MIRROR TRANSITIONS
T.K. Alexander, B. Caste] and I.S. Towner
Nuclear Phys. A445 (1985) 189.

FIRST OPERATION OF THE TASCC BEAM BUNCHING SYSTEM
C.B. Bighara, T.K. Alexander, R.J. Burton, E.A. Heighway, J.E. McGregor and
E.P. Stock
[EKE Trans, on Nucl. Science NS-32 (1985) 2763.

THE FAR-INFRARED LASER MAGNETIC RESONANCE SPECTRA OF THE 0D RADICAL IN
GROUND AND VIBRATIONALLY EXCITED STATES
J.M. Brown, Janette E. Schubert, Carl E. Brown, James S. Geiger and
D.R. Smith
Journal of Molecular Spectroscopy 114 (1985) 185.

SEARCH FOR SUPERDEFORMATION EFFECTS IN ] ^ G d
J.P. Vivien, A. Nourreddine, F.A. Beck, T. Byrski, C. Gehringer, B. Haas,
J.C. Merdinger, D.C. Radford, Y. Schutz, J. Dudek and W. Nazarewicz
Phys. Rev. C3JJ (1986) 2007.

REALIZATION OF A HIGH-MULTIPLICITY PHOSWICH ARRAY FOR LIGHT ELEMENTS
R. Bougault, D. Horn, G.C. Ball, M.G. Steer and L. Potvin
Nucl. Instr. & Methods in Phys. Research A245 (1986) 455.
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HTGH-SPIN Y-RAY SPECTROSCOPY IN 197Bi:
T. Chapuran, K. Dybdal, D.B. Fossan, T. Lonnroth, W.F. Piel, D. Horn and
E.K. Warburton
Phys. Rev. C33_ (1986) 130.

FEASIBILITY OF THE DETERMINATION OF PRECISE ATOMIC MASSES FOR NUCLIDES FAR
FROM BETA-STABILITY
KoS. Sharma, R.C. Barber, H.E. Duckworth, R.J. Ellis, G.R. Dyck, C.A.
Lander, J.S. Guo, E. Hagberg, J.C. Hardy and H. Schmeing
Journal of Geological Society of India Vol. Tl_ (1986) 7.

THE SAFETY INTERLOCK SYSTEM FOR THE CHALK RIVER TANDEM ACCELERATOR
SUPERCONDUCTING CYCLOTRON (TASCC) FACILITY
N. Burn, G.C. Ball, J.S. Barsczewski, C.E. Langlais and R.W. Roiha
Nucl. Instr. & Methods A244 (1986)225.

b) LECTURES

"NUCLEAR ENERGY AND RADIATION"
H,R. Andrews
Lecture given to Brookfield High School, Ottawa, 1986 January 15.

'THE INFLUENCE AND SIGNIFICANCE OF PARTICULAR DATA ON THE PARAMETERS IN A
LEAST SQUARES ANALYSIS OF EXPERIMENTAL DATA"
W„G. Davies, G. Lee-Whiting and G. Audi
Talk presented to the Eastern Regional Nuclear Physics Conference, Chalk
River, 1986 March 13-16.

"AN OVERVIEW OF ENERGY"
H.R. Andrews
Lecture given to 7 New BrunswicK High Schools, 1986 March 13-21.

'SEARCH FOR EVIDENCE OF A 17 KeV NEUTRINO IN THE BETA SPECTRUM OF 63Ni"
D.W. Hetherington, R.L. Graham, M.A. Lone and J.S. Geiger
Talk presented to the Eastern Regional Nuclear Physics Conference, Chalk
River, 1986 March 13-16.

"NUCLEAR POWER - A PIVOTAL ISSUE" AND "ELECTRICAL DEMAND PROJECTIONS IN THE
CONTEXT OF OVERALL ENERGY SUPPLY"
H.R. Andrews
Invited Talks at CNA Student Conference, Fredericton, 1986 March 14-15.

"GAMMA-RAY CONTINUUM AND THE STRUCTURE OF 153Ho AT VERY HIGH SPIN"
D.C. Radford
Invited Talk at 21st Winter School on Physics, Zakopane, Poland, 1986 April

"A SCIENTIST LOOKS AT ENERGY"
H.R. Andrews
Plenary Talk at 11th Science Teachers' Seminar, 1986 April 11.
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"GeV CHANNELING AT FKRMILAB: BASIC PHYSICS AND APPLICATIONS"
J.S. Forster
Seminar presented at GANI!., C.JO-I, Krmce, 1986 April 14.

"EXCLUSIVE FRAGMENTATION STUDIKS O!- 40 MeV/u 14N"
D. Horn, G.C. Ball, R. Hou^auLt, D. Cebra, D. Fox, E. Hagberg, L. Potvin,
C. Pruneau, R. Roy, C. St.-Pierre and G.D. Westfall
Contributed abstract selected for oral presentation at H1C0FED '86, Caen,
France, 1986 May 12-16.

"SEARCH FOR EVIDENCE OF A 17-keV NEUTRINO IN THE BETA SPECTRUM OF 6 3Ni"
D.W. Hetherington, R.L. Graham, M.A. Lone, J.S. Geiger and G.E. Lee-Whiting
Talk presented to the International Svmposium on Nuclear Beta Decays and
Neutrino, Osaka, Japan 1986 .Uine 11- i 5.

BEAM FRAGMENTATION AND TRANSFER REACTIONS AT 40 MeV/NUCLEON
R.Roy, C. Pruneau, C. St. Pierre, G.C. Ball, R. Bougault, E. Hdgberg,
D. Horn, L. Potvin, D. Cebra, U. Fox and G.D. Westfall
Abstract submitted to the 1986 CAP Congress, University of Alberta,
1986 June 23-25.

"EXCLUSIVE FRAGMENTATION STUDY OF 40 MeV/u 14N ON GOLD"
C. Pruneau, R. Roy, C. St.-Pierre, G.C. Ball, R. Bougault, E. Hagberg, D.
Horn, L. Potvin, D. Cebra, D. Fox and G.D. Westfall
Abstract submitted to the 1986 CAP Congress, University of Alberta,
1986 June 23-25.

"THE BREAK-UP OF ENERGETIC HEAVY IONS STUDIED IN THE TASCC FORWARD ARRAY"
D. Horn
Invited Talk at the 1986 CAP Congress, University of Alberta,
1986 June 23-25.

"HEALTH EFFECTS OF CHERNOBYL"
H.R. Andrews
Talk presented to Kingston Rotary Club, 1986 June 12.

"ISOSCALAR AND ISOVECTOR MATRIX ELEMENTS FOR ANALOGUE E2 TRANSITIONS"
T.K. Alexander
Seminar presented at the University of Alberta, 1986 March 20.

"EXPERIMENTAL DEMONSTRATION OF REVERSIBILITY THROUGH GeV CHANNELLING"
J.S. Forster
Invited Talk at NATO Advanced Research Workshop on Relativistic Channeling,
1986 March 31 - April 4, Acquafredda di Maratea, Italy

"HIGH ENERGY CHANNELING IN BENT CRYSTALS"
J.S. Forster
Seminar presented at the University of Bologna, Italy, 1986 April 8.

"EXPERIMENTAL DEMONSTRATION OF REVERSIBILITY BY CHANNELING AND FIRST
EXPERIMENTAL STUDIES OF THE LIQUID/SOLID INTERFACE BY ION BEAM TECHNIQUES"
J.S. Forster
Seminar presented at Universite Paris VII, Paris, France, 1986 April 11.
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"THE TASCC FACILITY AT CHALK RIVER"
J.C. Hardy
Seminar presented at the Institute for Atomic Energy, Beijing, China, 1986
May 14.

"THE TASCC FACILITY AT CHALK RIVER"
"BETA-DELAYED PROTON EMISSION"
"SUPERALLOWED BETA DECAY"
J.C. Hardy
Seminars presented at the Institute of Modern Physics, Lanzhou, China, 1986
May 19-21.

"THE CRNL EXPERIMENTAL PROGRAM IN HEAVY-ION INDUCED REACTIONS"
D. Horn
Seminar presented at GSI, Darmstadt, West Germany, 1986 May 9.

"EXCLUSIVE FRAGMENTATION STUDIES OF 40 MeV/u 14N"
D. Horn
Seminar presented at CRN Strasbourg, France, 1986 May 7.
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4 . 1 NEGATIVE ION I.\'PYTO'-:

Y. Imahor i

4.1.1 Operation

The HICONEX 834 sputter source operated routinely with minimal
interruptions. Ion beams were produced for both Cyclotron and bypass line
experiments.

All five power supplies for the Purser source were tested and commissioned
with a CAMAC crate on the extraction deck. The source was operated
satisfactorily tn prrvlurv' .>. helium beam for the first time in the present
cage.

Final preparations for operating the HICONEX 860 source were completed by
the end of Juno.

4.1.2 Ion Production

During the period, the following beams were produced and measured at the
entrance to the Tandem:

SourceIon

Protons ( H)
Helium (4He)
Carbon (12C)
Sulphur (i2S)
Calcium ('+0Ca)
Iodine (12/I)

Current \\xA)

0.8
0.4
2.0
3.0
0.3
3.0

4.2 TANDEM ACCELERATOR

L.B. Bender

4.2.1 Operation

HICONEX 834
PURSER
HICONEX 834
HICONEX 234
PURSER
HICONEX 834

The Tandem operated satisfactorily during the period. The beams accelerated
are listed below.

Ion Energy (MeV)

Carbon (12C) 31 to 66
Sulphur (32S) 160 to 167
Calcium (40Ca) 110
Iodine (i27I) 42 to 71
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4.2.2 Generator

The Tandem generator operated satisfactorily during the period. Two of the
three unscheduled tank openings were for minor problems. The third
unscheduled tank opening was to investigate a problem caused by loosening of
the low energy chain drive motor pulley on its support pivots. No equipment
damage had been caused; corrective measures were taken that will prevent a
recurrence. At the same time, the chain sheave bearings were all replaced
since they had been in service beyond the recommended operating time.

New "Vivirad" resistors were installed on column section number eight for
evaluation. To date, they have performed excellently. This type of
resistor has been in use in the Strasbourg MP Tandem at terminal voltages up
to 18 MV. It has been decided to purchase and install this type of resistor
during planned installation of new accelerator tubes next year. This
upgrading should guarantee 15 'IV operation.

Recently, it has been observed that terminal voltage stability was improved
an order of magnitude when the terminal radiation source was retracted.
This source was installed and used to help neutralize dust from the original
belt charging system; use of the sources was continued after the belt
charging system was replaced by the Pelletron charging system. Since the
source has been retracted, there has been no evidence that the source is
required to reduce the number of voltage breakdowns, at least up to the
present operating limit of 12.5 MV.

4.2.3 Sulphur Hexafluoride (SFh) Insulating Gas

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

4.3 RADIOFREQUENCY SYSTEM

E.P. Stock with C.B. Bigham and J.E. McGregor (Accelerator Physics
Branch)

4.3.1 Operation

The rf system operated for a total of 483 hours during the period. There
were seven occurrences of failure in the system:

1. A water leak into the High Voltage Power Supply caused a short circuit.
2. The driver amplifier high voltage blocking capacitor broke down and

required repair.
3. The output amplifier suffered severe arcing in the output resonant

cavity requiring remachining of the affected components.
4. A water leak into the High Voltage Power Supply caused a screen voltage

trip.
5. The loss of automatic frequency control (AFC) required modifications to

the balance capacitor drives.
6. Failure of a 3-phase transformer in the driver amplifier power supply

required replacement of the power supply.
7. Loss of drive to the rf drive capacitor required disassembly and repair.
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4.3.2 Power Amplifiers and Control

Following a short circuit in the High Voltage Power Supply, caused by water
ingress, a fault in the driver amplifier was traced to breakdown of the
insulator in the high voltage blocking capacitor. The insulator was
repaired and has operated satisfactorily since then.

During attempts to retune the system for operation in the TT mode at
4S.998 MHz, failure of the 100 kW power amplifier occurred as a result of
arcing in the output cavity. Major remachining of the cavity components was
required as well as replacement of the tetrode filament finger contacts.
Since reassembly, the power amplifier output stage has functioned reliably.

While the system was being retuned for operation in the 0-mode at
59.930 MHz, a 3-phase transformer in the driver amplifier cathode power
supply failed. A replacement power supply has been installed temporarily.

Since the balance capacitors have been used for automatic frequency control
(AFC), their performance has deteriorated steadily because of increasing
frictional loads in their drive mechanisms. A new power supply has been
fabricated and installed, the motors have been replaced, magnetic shieldings
have been made to house the motors and significant modifications have been
made to the drive mechanisms. One of the two balance capacitors remains
inoperable.

4.3.3 Bunchers and Phase Control

The bunchers and the phase control system have performed reliably throughout
the period. The Low Energy Buncher (LEB) grid was replaced twice, once
because the wire mesh had been eroded by beam action and once because the
replacement wire mesh grid exhibited mechanical instability. It was
replaced with a wire-wound grid, which has produced reliable results.

Commissioning tests on the High Energy Buncher (HEB) in the 4f mode were
successful and indicate no foreseeable problems.

Maintenance and reliability of control electronics throughout the system
will be improved by plug-in replacement modules presently under development.

4.4 CRYOGENIC SYSTEM

L.W. Thomson with K.A. Dobbs

4.4.1 Operation

The cryogenic system operated satisfactorily during the period to maintain
the cryostat full for tests and experiments. Operators now operate
cryopumps during experiments and monitor the system continuously during
magnet operation.

Three power failures occurred and were dealt with by Operators.
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An incident involving accidental venting of the liquid transfer tubes during
magnet operation has prompted the design of an automatic pumping system for
the three main transfer tubes.

A total of 367 cylinders of helium was added to the system, mainly to
replace static leaks. Deliveries totalling approximately 331,000 L of
liquid nitrogen have been made to the storage tank.

Experience with several beam runs has indicated that the extraction channel
becomes cold enough to freeze water vapour introduced during midplane
ventings and through small system leaks. Insertion of a heating element has
been necessary on several occasions when ice built up sufficiently to block
the beam or when extraction efficiency was reduced as a result of stripping
caused by the ice outgassing.

Problems with faulty cryopump fill valves and a controller/timer developed
and are continuing.

An incident during which the midplane was accidently vented when the
cryopumps were cold caused suspected deformation of cryopump No. 2 during
the subsequent sudden pressure surge. As a result, its cooling
characteristics became so bad that it was disconnected from the system.

4.4.2 Cryostat

Since the Christmas shutdown when the cryostat was allowed to boil dry and
warmed to about 100 K, the cryostat has been allowed to boil dry twice; once
for the scheduled 3000 hour liquefier maintenance when it warmed to about
70 K, and once when the midplane was vented for foil changer repairs when it
warmed to about 80 K. Only after warming to 100 K was difficulty
encountered in recooling the cryostat.

Brief rf operation in the TT mode caused local overheating and partial
failure of an 0-ring seal between the cryostat vacuum jacket and the
midplane. Special procedures have been developed for intentional midplane
ventings until this can be repaired.

An improved pressure relief system to prevent overpressures during power
failures has replaced the original device which leaked.

Formal notes are being assembled to instruct Operators on liquid transfer
procedures.

•4.4.3 Helium Liquefiers

Liquid production from the 2800 HR liquefier is now via the Remote Delivery
Tube (RDT) into the dewar, the originally planned route. Recurring problems
with starter motor bearings have been cured by installing heavier duty
bearings. Operating experience has increased to the point where only a few
forced shutdowns were required during non-routine cryostat cooling
operations. Other shutdowns were almost all due to scheduled maintenances.



The 3000 hour maintenance was advanced to 2 500 hours when checks indicated
ice blockages in one engine. These checks were prompted by low liquid
production which had forced an early termination to a beam test.

4.4.4 Helium Compressors

The Model RS screw compressor continues to operate trouble free and
continuously, logging 92% of a possible 4344 hours.

The tour Model 1400 compressors have each had one absorber kit change and
maintenance check. Compressor No. 4 suffered a ruptured oil sensing line
which was easily repaired. Compressor No. 3 tripped after valve and bearing
components broke and damaged the block. It was shipped to the manufacturer
for repairs.

4 . 5 CYCLOTRON OPERATION'

E.H. Lindqvist

(See also section 5.1 of this report.)

4.5.1 Foil Lifetime

Foil lifetime was approximately 8 h for I (10 MeV/u) with an injection
energy of 70.9 MeV. The intensity of lower charge states relative to higher
charge states increased with time, implying that the foil was getting
thinner.

Foil lifetime was approximately 4 h for "~ I (5.6 MeV/u) with an injection
energy of 42.1 MeV. The charge state intensity distribution did not change
but the beam emittance increased with time, implying that the foil was
getting thicker. Both observations were made with 20 ug/craZ carbon foils.

4.5.2 Extraction Channel

Operating extraction channels 1A and 2A off the optimum current settings
gave the following results for an l I (10 MeV/u) beam:

Z optimum beam intensity

90
70
25

If a 50% beam loss were to be accepted, then about 20% of the "lost area" of
the energy-mass acceptance diagram could be recovered even with the present
extraction channel limitations due to the niobium-titanium windings.

4.5.3 Isochronism

The isochronism of the main field can be measured by finding the optimum RF
phase at inner and outer radii. If the field is isochronous, the phase
should be the same for both radii. For both U/l (10 MeV/u), with B=3.86T,
and lz/l (5.6 MeV/u), with B=3.51T, (.his was not the case with calculated
coil currents. The fields had to be increased by 0.08% above the calculated

Z Offset

2.
5,

10.

,5
.0
,0
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4.5.4 Injection Energy

If the main field and injection energy are correct and the beam is centered
at inner radii,f it should also be centered at outer radii. For ll'\
(10 MeV/u) and 1 2 7I (5.6 MeV/u) the energy had to be decreased by 0.5% below
the calculated value. The source of the incorrect injection energy is
either the calibration of dlpole BI1 or inaccuracy in calculated values of
the magnetic fiald.

4. 5. ':> Turn Separation

Experimental values of the outer turn sep-rc". ion at probe 2 as a function of
azimuth of the first harmonic field Liurr.̂  have been compared with
calculations. The experimental turn separation is Less than calculated and
the variation with azimuth is of the correct form but displaced 30°. The
measured turn separation is very sensitive to variation in Dee-voltage.
Probe masking measurements show that there car. be beam crossovers at outer
turns for some first harmonics.

4.5.6 Injection

It was earlier believed that some of the beam was lost during the first
turns after injection. This is probably not true. The "lost beam" is
likely contained in a bunch that is impossible to accelerate because it is
180° out of phase.

4.5.7 Second Beam on Probe 1

The second beam, which sometimes occurred at probe 1 after extraction, was
probably a stripped beam (q=24) caused by poor vacuum in the extraction
channel. The poor vacuum was caused by ice building up in the channel and
has been cured by baking the channel for approximately 24 hours.

4.5.8 Extraction Efficiency

The extraction efficiency has never been more than 50%. When the efficiency
through the deflector is good, efficiency through the extraction channels is
poor and vice versa. A possible cause is that the deflector and first hill
lens are not positioned correctly in relationship to the next hill lens
and/or extraction channel. A second possible cause could be an
energy/position fluctuation at the entrance of the deflector which makes it
impossible for the whole emittance to get through the extraction system.

4.6 BEAM TRANSPORT SYSTEM

L.B. Bender with M.J. St. Aubin and R.L. Brown (Nuclear Physics
Branch)

4.6.1 Magnets

The magnets operated normally during the period. Following a number of
occurrences of broken flexible couplings to the motor driven variacs, it was
discovered that the lower mechanical limit switches were improperly set.
This problem has now been rectified.



4.6.2 Vacuum System

The vacuum system operated normally.

A.6.3 Beam Diagnostic Devices

These devices operated normally during the period. Tests are being carried
out on a new type of beam profile display. When completed, modifications
will be carried out on the monitors, which will produce a more easily
digitized beam profile display.

4.7 COMPUTER CONTROL SYSTEM

B.F. Greiner with W.F. Slater and R.B. Walker (Nuclear Physics Branch)

4.7.1 Operation

The control system continued to be highly reliable during the reporting
period. Modifications to improve response time and minimize errors at the
control desk have been deferred because of the higher priority of delivering
beam. The most serious operational problem was the loss of control of a
Tandem terminal steerer for a few days. The fault was a devious electronic
failure in a CAMAC module, probably caused by a high-voltage breakdown in
the Tandem.

Recurring problems of corruption of information on control computer disks
were laboriously traced to a fault in the computer manufacturer's software.
Subsequent operation in a degraded disk configuration has avoided this
problem at the cost of reduced system response and inefficient routine
maintenance procedures. An operating system upgrade is in progress to cure
the problem.

Computer control was implemented for cyclotron outer trim rods and the
Purser ion source during the period.

4.7.2 Software

Existing software to save and restore individual values or groups of values
of accelerator settings was brought into limited use. Part of the
save/restore software has been utilized in a new program, BTSTSK, which sets
up the Beam Transport System for a specified isotope, energy, charge state
and target. Initial tests were so successful that BTSTSK has been pressed
into service before completion of the project, which will include BTSTSK as
part of a simple system setup involving other programs that have yet to be
modified for use at CRNL.

The new program that produces a specified first harmonic bump in the
cyclotron magnetic field for extraction of accelerated beam was sucessfully
implemented and a first draft of the mimic diagram manual was prepared.
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4.7.3 Hardware

A spaxk-protection interface, similar to those in use at Daresbury and Oak
Ridge, and a CAMAC crate were installed in the negative ion injector cage.
The Purser source was operated via the CAMAC crate for a calcium run. To
date, no cage sparks have occurred so the spark protection interface is
untested.

One set of four, eleven-pin f eed-throughs on the Tandem tank have also
received spark suppression in an attempt to eliminate the spurious
transients that often cause damage to the control system. This project is
on hold pending completion of low-voltage runs for cyclotron operation.

At the end of the period, emphasis has shifted to hardware for TASCC
Phase II.

4.8 BEAM DYNAMICS

K.H. Lindqvist

4.8.1 Calculations

All cyclotron and beam line setting parameters have been calculated for the
following beams: iZ/l (5.12 MeV/u), 1Z7l (5.6 MeV/u), 1 2 7I (4 MeV/u) and
/9Br (20 MeV/u).

New extraction channel settings have been calculated for various beams with
an improved version of the program SUPERGOBLIN, which includes the latest
measurements of the extraction beam line with a shielded beam pipe.

Calculations have been made for Professor R. Slobodrian at Laval University
in connection with a possible design of a polarized ion source. These
include axial and radial betatron frequencies as a function of radius for
bLi (42 MeV/u), bLi (45 MeV/u),,.6Li (50 MeV/u), 7Li (35 MeV/u), 7Li
(50 MeV/u), liNa (30 MeV/u) and 23Na (45 MeV/u). Calculations of the
beam-line settings have been done for Li (45 MeV/u).

4.8.2 Program Development

A program FOIL has been written which calculates the required beam
dimensions at the stripper foil (to be used in program CYCMATCH to calculate
the beam line settings).

The program HARM is now in operation; it sets the first harmonic of the
magnetic field via a touch panel by changing the retraction of the trim rods
without changing the average field. It has turned out to be one of the most
powerful tools to increase the extraction efficiency.

The program IONSCAN, which scans all possible charge state combinations of
an ion of a particular energy, has been improved and now calculates also the
rf frequency, rf mode, injection angle, injection steerer current setting
and deflector voltage.
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4.9 BUILDING SERVICES

P.I. Hurley

4.9.1 De-Ionized Water System

The system operated normally throughout the period. Changeover from winter
to summer operating mode was made when the incoming raw water temperature
reached 13°C. There was one system shutdown to repair two piping leaks.

The purification system mixed bed resin columns were replaced simultaneously
with recently reactivated columns. This resulted in an improvement in loop
resistivity to about 5 Megohms.

4.9.2 Electrical

A copper shield was installed over a group of four eleven-conductor feed
throughs on the Tandem tank, and EMI filters installed in the conductor
wiring to reduce terminal discharge surge effects.

4.9.3 Air Conditioning

Following completion of repairs to the controller power supply, the system
has operated normally.

4.9.4 Safety

Nineteen fault annunciator channels are now operational; three channels are
connected to global fault annunciators for specific sub-systems.



5. CYCLOTRON GROUP (ACCELERATOR PHYSICS BRANCH)

(Report edited by J.A. Hulbert)
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5.1 CYCLOTRON OPERATION

J.A. Hulbert, C.B. Blgham, E.A. Heighway, C.R.J. Hoffmann with
E.H. Lindqvist, E.P. Stock, B.F. Creiner, L.W. Thomson (TASCC Oper-
ations Branch) and W.G. Davies (Nuclear Physics Branch)

The cyclotron has been operated for a total of 480 hours since January 17th
when a beam of greater than 1 pnA of I was extracted. During the ensuing
period commissioning tests have been carried out and the cyclotron has
produced beam for two series of nuclear physics experimental runs, one using
10 MeV/u (1.27 GeV) iodine and the other 5.6 MeV/u (0.71 GeV) iodine. A short
series of preliminary runs at 5.6 MeV/u were also operated to assess a third
experimental program which will be carried out in July.

Attempts to accelerate iodine to 5.16 MeV/u, the highest energy for the 6th
harmonic -n-mode, resulted in problems with probe heating and cavity detuning.
Operation in ir-mode will be delayed until modifications to overcome these
problems are effected.

As yet, the helium liquefier, main magnet power supply and extraction channel
power supplies cannot be monitored from the central control room. Initially,
technologists from Accelerator Physics Branch acted as operators and observers
for this equipment while the cyclotron was being operated. Most of these
duties have now transferred to operator staff of TASCC Operations Branch.

Operating schedules have usually been for 16 hours in each 24 hour period, 5
days per week. The magnet and rf system are turned off during the off shift.
Twenty-four hour operation, which will improve beam time availability and
reduce component stress and wear will not be possible, at current staff
levels, until the computer interfaces are complete and operator training
achieves a uniformly high level.

Cyclotron set up is generally repeatable except for small changes due to day-
to-day differences in the injection beam line settings which affect injection
steering and the rf phases. Foils may be changed with minimal or no
correction to the steering or rf phase and amplitude. The beam has been
extracted from a 'cold' start in 1-1/2 hours, which includes one hour required
to run up the magnet.

The 10 MeV/u and 5.6 MeV/u iodine beams run to date show striking differences
in 20 pg/cm stripper foil behaviour. For the 10 MeV/u case, with injection
energy 70.9 MeV, the charge state distribution peak moves towards lower charge
states as beam time accumulates showing that the foil is thinned. Foils oper-
ate satisfactorily for 8 or more hours, often failing by breaking. The
5.6 MeV/u beam, injected at 42.1 MeV, broadens with beam time. The foil
appears to be thickening and to maintain an acceptable extraction transmission
it has to be changed every four hours.

For the beam to be positioned on the optimum trajectory for extraction when it
reaches the extraction radius it is necessary to maintain a centred orbit and
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nearly constant phase relative to the accelerating field for the whole path
from stripped foil to extraction deflector. When setting up the beam the most
direct method for approaching the optimum trajectory is to check orbit
centring (by probe shadowing) and the optimum phase (for maximum centred turn
radius) at a low orbit, well clear of the confusion of unwanted charge states,
and at a high orbit well separated from first harmonic extraction field
effects. Typical radii for these checks would be 220 mm and 580 mm.

For both beams developed to date the magnetic fields had to be increased by
0.08% from the computed values to obtain isochronism, i.e., the same optimum
phase setting at high and low radii. To obtain the best turn pattern the mag-
netic field and frequency were increased a further 0.25%. This may indicate a
discrepancy between the calibrations of the cyclotron magnet system and the
injection beam line analyzing magnet BI1. The analyzing magnet would seem to
be the odd man out but it is a trivial task to change the cyclotron field and
the retuning of the rf is a minor problem compared with the task of resetting
the beam line.

The #13 trim rods are coupled to system variables and, through the program
HARM, the first harmonic field amplitude and azimuth for adjusting the turn
separation at the extraction radius can be set directly from the control
console. Plots of outer turn separation as a function of first harmonic
amplitude and azimuth have been taken, using probe masking to detect
overlapping turns. The plots agree well with the computed turn separation
except that the magnitude of the turn separation is less than calculated. The
separation at a harmonic of 0.75 mT is equal to that calculated for 0.5 raT.
The azimuthal variation of the turn separation is offset by 30° presumably due
to the residual first harmonic in the cyclotron magnet.

Because of an artifact of the dees, as yet undetermined, the stripped beam
suffers an axial deflection upwards in the second orbit which then recovers
adiabatically in one axial betatron period. This deflection was shown to be
electric in origin because it can be affected by changing the rf voltage
balance between the two dee pairs. The balance has been adjusted so that the
deflected beam no longer scrapes off on the foil track and we believe that
beam loss on injection is now negligible.

Transmission through the extraction channel is usually about 50% of the circu-
lating beam although on occasion it has been better than 60%. This loss could
be due to misalignment of extraction system components but this is difficult
to determine at present because of a transverse oscillation of the extracted
beam which limits the average transmission to the target aperture. This
oscillation results in a random chopping of the beam on the edges of apertures
in the extraction beam line. The main component of the oscillation has a
frequency near 30 Hz, It is not yet clear where the fluctuation originates.
One possibility is microphonics in the dee stems. This will be subjected to
harmonic analysis and there is a hope that it may be corrected when the rf
energy control loop via the image slits of the BE 1 analyzing magnet is
implemented.

The use of Nb-Ti windings in the extraction magnets in place of the NbjSn
originally specified mean that the full range of the cyclotron is probably not
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matched by the current extraction system. In particular, some lower mass ions
may not be able to be extracted at maximum transmission. Some beam cut-off
measurements made with the 10 MeV/u iodine beam suggest that a 50% acceptable
beam loss would recover about 20% of the "lost area" of the energy versus mass
acceptance diagram.

5. 2 CRYUGENIC SYSTEM

Responsibility for operation and maintenance of the helium liquefier and the
liquefier/computer interface has been assumed by TASCC Operations Branch.

5.2.1 Automatic Lead Flow Control Panel

L.F. Birney and 7...W. Shankland

Commissioning of the automatic control panel for the lead cooling flows has
been delayed. Modifications to the mechanical design were necessary to
achieve adequate serviceability. This work is now complete. Design changes
to the piping in Room 209 to fit the control panel are now in progress.

5.2.2 Cryopumps

J.A. Hulbert

A fill-cycle controller, CAMAC programmable, was installed for each cryopump.
One controller developed a fault after several weeks operation and both pumps
were then operated from a single controller. A pressure excursion at the
cyclotron midplane in early June, due to a faulty foil changer vacuum valve,
led to explosive boiling of the cryopump liquid helium charges. Pump # 2
appeared to suffer some insulation damage from this incident and will be
removed for inspection next time the midplane is opened. At present, oper-
ation of the cyclotron with one cryopump appears satisfactory, at least while
dee voltages can be kept at about 50 kV.

Although the measured liquid storage time in an rf field is 10-15 minutes for
each pump, a fill-cycle time of 2 minutes has been found necessary to prevent
vacuum transients which trip the rf accelerating field. This discrepancy
appears to be related to a tendency to overcool the pump baffle while
filling. Gas is then condensed on the intermediate baffle and re-evaporates
between fills. It may be necessary to modify the pumps to prevent overcooling
the baffle during filling, in order to achieve optimum boil-off performance.

5.3 MAIN MAGNET SYSTEM

5.3.1 Trim Rods

R.E. Milks

Simple mechanical stops, to prevent the rods being driven into the rf liner,
and clamps, to prevent the rod position transducers from sticking, have been
designed and manufactured. These devices have been installed whenever access
is immediately possible and the remainder will be installed when the cyclotron
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is down for an extended maintenance period. The trim rod drives are now
installed with the it 13 rods of each set under system-variable control.

5.3.2 Magnet Power Supply and Dump Switch Gear
C.R.J. Hoffmann, L.W. Shankland, J.A. Hulbert and C. Belanger

Work is in progress to upgrade the power supply controller, to refine the
safety system and to complete the interfacing of the magnet controls to the
system computer.

The original voltage tap monitor, which checks coil pancake voltages for onset
of electrical misbehaviour and magnet environment deficiencies, and checks the
magnet leads for coolant inadequacy, operates well but the microprocessor
controller is obsolete and has inadequate memory to permit interfacing with
the main CAMAC control highway. A limitation of the current magnet protection
system is that it cannot cope with loss of mains power if that further results
in loss of auxiliary cooling services.

The microprocessor will be replaced by a DEC LSI-11 CAMAC-based processor
acting as a satellite of the main PDP-11 computer. The LSI-11 has been
programmed initially as a direct replacement of the original microprocessor
and will be installed when the required IGOR interface boards have been
assembled. Progression to the final satellite system can then proceed by
modular additions to hardware and software.

The power failure deficiencies are being remedied in two areas: 1) A cryostat
overpressure regulator and lead flow dump valves will be installed in the
cryogenic system to ensure maintenance of lead cooling flow during magnet
discharge after a power outage. 2) Potential failure of dump diodes due to
loss of water cooling will be addressed by replacing the piped cooling by bath
cooling.

In addition, supplementary interlocks to discharge the magnet at the first
stages of a system failure, e.g., from loss of cryostat liquid level, are
being added.

5.4 RADIOFREQUENCY SYSTEM

C.B. Bigham, J.E. McGregor with E.P. Stock (TASCC Operations Branch)

See section 4.3 of this report.

5.5 INJECTION

5.5.1 Foil Changer

C.R.J. Hoffmann, J.F. Mouris and J.F. Weaver

The operating mode of the foil changer has been temporarily modified while
remedies are sought to avoid jamming of the loader and unloader mechanisms.
Jamming occurs when some shrouds are slightly misaligned at the load
position. The cause of the misalignment is unknown, but may be related to
transport chain lubrication. In the meantime, the foil changer has been oper-
ated with the unloader-loader cycle disabled and the transport chain operated
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normally. When new foiLs are required all 33 foils on the chain are replaced
in one session of unloading and loading. This procedure allows particular
shrouds to be dealt with by hand - to avoid jamming. The control circuitry for
the stepping motors that drive the loader and unLoader mechanisms has been
revised so that the motors are turned off when jamming occurs.

5.6 EXTRACTION

5.6.1 Electrostatic Deflector

C.R.J. Hoffmann, J.F. Mouris and R.E. Milks

The deflector system has operated up to 75 kV (75% of design) and is limiced
at present by leakage current in the series water resistors. It has been
demonstrated that this current depends directly on water quality. A small
rleionized water system has been designed, which wilL supply high resistivity
water to the deflector. Assembly of this system has started.

5.6.2 Magnetic Channel

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

Assembly of electronic circuitry to interface extraction system power supplies
to the computer control system is 50% complete.

A method has been devised to replace the over-voltage sensing features of the
channel power supplies, which require mechanical setting of the trip level.
Design has started of circuitry that will set power supply voltage-trip levels
as a function of current and turn off the power supplies if the trip levels
•iro exceeded. This will improve the present arrangements for remote sensing
of channel magnet quenching.

5.6.3 Magnetic Channel Bakeout Heater

.T.A. Hulbert

Initial attempts at extracting beam were plagued by ice blockages and water
vapour in the extraction channel beam pipe. The condensation of water in the
beam pipe when the midplane is open is to be expected because the beam pipe is
cooled continuously to 180 K by cold from the channel magnets. Careful pro-
cedures to keep the pipe dry and to check for the absence of water before
reclosing the midplane had been instituted from the outset of commissioning
but proved to be inadequate.

After trying several designs, an effective heater for drying out the beam pipe
after the midplane was clqsed, was developed. Access to the beam pipe was
obtained through the extraction probe port on the five-port extraction line
box. A 12 mm diameter teflon guide tube was inserted, through a gland and a
gate valve, as far as the outboard end of the magnetic channel. A 6 mm teflon
tube containing a chrome 1 'hairpin' heater was then pushed through a second
gland, through the guide and right through the beam pipe. Overnight bakeout
at 10-12 watts is adequate to raise the beam pipe to 60°C and to expel all
traces of moisture. The extended bakeout time is due to the slow pumping
speed of the midplane access holes. The whole process is carried out, and the
subsequent withdrawal of the heater, with the midplane vacuum better than
10 mPa (except during the initial flash of the condensed water).
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5 . 7 BEAM PROBES

5.7.1 Probe Development

J.A. Hulbert and D.R. Proulx

During attempts to tune the cyclotron in rf n -mode for a 5.16 MeV/u
bean, large rf fields were experienced in the region of the midplane between
the hill faces. These fields resulted in excessive heating of the probes, and
differential expansion between the probe sleeves and cores caused extensive
damage to the probe head insulators.

The probe heads were repaired and a new design of axial finger assembly
incorporated in Probe #2. The new finger design eliminates the g-ips between
the fingers so that beam signal is not lost and the spurious radial variation
on the probe sum current output is eliminated. At the same time the centre
thre^ fingers are only 2 mm wide, improving axial resolution.

In the original probe design, provision was made for cooling the probe
sleeves, but this was not effected because it necessitated making the probe
assembly irreversible and signal connections could not then be serviced.

A new probe design, with sleeve cooling and full wiring accessibility, lias
been completed and the original radial probe, not used for diagnostics because
of the excellent utility of the axial probes, has been converted to a cooled
dummy for ir-mode rf tests. When tests with the dummy show that the new
cooling arrangement is satisfactory and that modifications to the rf system
can cope with the rf detuning effects of the probes, two axial probes will be
built to the new design. Until this work is completed cyclotron operation is
restricted to O-mode only, i.e., 5.3 MeV/u to 21 MeV/u.

5.7.2 Probe Software

R.E. Howard (Nuclear Physics Branch), J.D. Hepburn (Physics and Health
Sciences) with C. Belanger and J.A. Hulbert

The probe software has been continually updated to correct operating problems
and to improve the interface with the operator. The MIMIC display showing the
state of the probe system has been expanded to two diagrams, one for detailed
system status and one for normal probe operation.

A "TARGA" bubble memory floppy disc emulator has been commissioned for the
probe system. It will not be installed permanently until a second unit is
available for the software development system.
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SUMMARY

6.I Condensed Matter Physics

The major highlight of the condensed matter physics program was the approval
by both AECL and NSERC of the Dual Beam Neutron Spectrometer proposal
(7.2). This 3.5 M$ facility will greatly enhance our capabilities for
research in magnetism and for rapid crystal structure determination.
Detailed design will begin soon, and final commissioning is anticipated in
1989.

The structures and phase transitions of new forms of amorphous ice have been
studied by elastic neutron scattering experiments, in a fruitful collabora-
tion between CRNL and NRC scientists (7.4). The data suggest, that the
transition that produced the high density form (1.17 g*cm~ at zero
pressure) is a first-order "melting" transition along the extrapolation of
the ice I melting curve into the solid region. In a separate CRI\L-WRC
collaboration, inelastic neutron scattering has been used to study
transitions between energy levels of Cll̂  molecules vibrating in clathrate
cages (7.7).

The horizontal-field magnet cryostat has been employed to produce a single
domain specimen of ferromagnetic USe (7.8)_: coraparison of the neutron
scattering observed at the (222) and (222) reciprocal lattice points
indicates the existence of roughly equal populations of longitudinal and
transverse magnetic excitations in the low temperature phase.

The 1CL Distributed Array Processor at the University of Edinburgh has been
employed to carry out computer simulations of the dynamical behaviour of N2
molecules in the orientationally disordered [3-phase of solid nitrogen
(7.10). The phase transition at about 35 K to a more ordered structure has
been successfully reproduced.

Neutron diffraction measurements on three types of crystalline cellulose
(7.12), before and after treatment with alkaline hydrogen peroxide, indicate
that reduced crystallinity is not an important factor in the degradation of
cellulose by microbes. Calculations have been made of the expected
diffraction pattern from A-DNA, in an effort ot identify the origin of the
d=4.9 A intense peak observed in collaborative neutron diffraction
experiments (with Waterloo and Stockholm Universities). Since the
calculations indicate no such intense peak, it is believed to arise from an
as yet unidentified impurity.

A theory of vacancy formation in Zintle phase alloys has been formulated in
an attempt to account for the unusual defect properties of p-LirtiL,
particularly the high concentration and diffusivity of Li vacancies at roow
temperature and below (7.15).
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Several improvements have been made to the neutron spectrometer control and
data analysis systems (7.17-7.19). Acceptance tests of the NSEkC-funded
dilution refrigerator are continuing (7.22), and a new specimen orientation
drive mechanism has been installed in the horizontal field magnet cryostat
(7.24).

b.2 Neutron and Neutrino Physics

Funding has been obtained to complete the next phase of the Solar Neutrino
Observatory Proposal, including the preparation of detailed cost estimates
and the drillinb of a 250 r.i tunnel to the proposed laboratory site at the
Creighton Mine, near S'-dbury (7.27).

The search for evidence of so-called heavy neutrinos in the p-spectrur.i of
Wi has yielded a null result. Analysis of all data taken so far shows no

evidence for any neutrino with mass in the range 3 to 40 keV. The upper
limit for the 17 k°V neutrino branch is <0.3X at the V0/« confidence level
(7.43).

6.3 Theoretical Physics

The end-point energy for beta decav, the ground state spin, lifetime and
Mass of the neutron-rich isotope Ar have been calculated on the basis of
the Shell Model, with adjustable parameters selected so as to reproduce the
systematics of the spectra of the known isotopes of potassium and argon
(8.12).

An extension of the analytic regularization method has been used to verify a
supersynnnetry identity, in calculations of anomalous symmetry-breaking
quantum effects. Fundamental symmetries needed for unification and for
control oi ultraviolet divergencies are spontaneously broken at low energies
by these anomalies (8.17).

The symbolic manipulation program SCHOONSCH1P has been used to derive and
verify formulas in field theoretic studies: the linear approximation of
Einstein's action for gravity is one of two successful tests of this program
that have been carried out to date (8.20).

A study has been made, in collaboration with scientists from Germany and
Portugal, of the effects of polarization of the negative energy states (the
"Dirac Sea") of the Dirac equation used to describe quark orbits in chiral
soliton models. The problem of extracting good quantum numbers from a
deformed set of these states seems insurmountable (8.10).

An expression has been derived for the static structure factor of amorphous
ice, to be used in the analysis of neutron diffraction data. Calculations
have also been made of several corrections that must be applied to the
measurements (8.3, 8.4).

A description of the multiple scattering (MS) processes, that occur when
heavy ions penetrate solids, has been formulated in terms of Legendre
polynomials. In the limit of small angular deflections, this description
reduces to the customary MS calculation which assumes that all scattering
angles are small (8.7).
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A negative muon replacing an orbital electron in a heavy hydrogen molecule
can induce the molecular nuclei to fuse and liberate energy, with one muon
causing 150 or more fusion events. The potential applications of this
muon-catalysed fusion (mcf) process have been assessed. It is suggested
that incorporation of mcf should be considered in the design of a spallation
neutron source (8.8).

6.4 Fusion

Progress made in the National Fusion Program, the management of which is in
the course of being transferred fully to AECL, is described in Section 9.

6.5 Radionuclide Metrology and Detectors

10°
a. new taethod for the standardization of 'Cd, based on 4u e-x coincidence
measurements, has been developed (8.37). It is both simpler, more direct
and potentially more precise than the previous method that involved
comparison with Pd. Activity concentrations obtained by both methods
were submitted to the Bureau International des Poids et Mesures (8-36).

Substantial progress has been made in the design of a Bragg-curve detector
module suitable for close-packing into a 4TC array. Commissioning of a new
4ity [NaI(TJO] detection system has been initiated (8.32).
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7.2 Dual 3eam Spectrometer Project (DUALSPEC)

W.J.L. Buyers, G. Dolling, J.C. Evans, T.M. Holden, P. Martel,
H.F. •Nieman, M.M. Potter, B.M. Powell, E.C. Svensson and D.C. Tennant
with C A . Cox, W. Mellors and B.H. Rod (Mechanical Equipment Develop-
ment Branch) and J. Morralee (Design and Technical Services Branch)

The proposal to construct a Dual Beam Spectrometer (DUALSPEC) (PR-P-142:3.2;
AECL-9103) has been approved by both AECL and NSERC. The total construction
cost ($3.5M) will be funded equally by the two agencies; by AECL through an
RFA and by NSERC through a Major Installation Grant to the Canadian Institute
for Neutron Scattering. The proposal for an Infrastructure Grant to fund sup-
port personnel for DUALSPEC was approved in a drastically reduced amount by
NSERC, but a technologist has been hired to work on the project. Design, con-
struction and commissioning of DUALSPEC is expected to take three years, one
year shorter than the schedule given in the original proposal. Detailed
design work based on the conceptual study (CRNL-2931, SP-MISC-113) will begin
in late summer 1986.

7.3 Measurement of Strain in a Prototype CANDU 300 Pressure Tube Rolled
Joint

T.M. Holden with A.G. Cracknell (Mechanical Equipment Development
Branch)

The axial and hoop strains in Zr 2 1/2% Nb prototype CANDU 300 pressure tubing
were measured in the region of the rolled joint. The measurements were made
with the 1/4" stainless steel end-fitting in place. The axial strains were
largely tensile with maxima close to the burnish mark and at the locations
where the Zr 2 l/2Nb is forced into grooves in the steel end-fitting. A maxi-
mum in compression occurs just outside the burnish mark. The hoop strains
are compressive, with a tensile maximum at the groove relative to the neigh-
bouring strain. Outside the burnish mark a tensile maximum occurs in the hoop
strain. This would be an ideal site for subsequent hydride cracking.

7.4 Neutron Diffraction Measurements on Amorphous D2O Ice

E.C. Svensson and V.F. Sears with M.A. Floriano and E. Whalley
(National Research Council of Canada)

Using the special sample holder and mounting/transfer procedures described
earlier (PR-P-142: 3.15; AECL-9103), two separate wafer samples (approximately
70 mm diameter by 1.6 mm thick) of a new high-density (1.17 g.cm" at P = 0 )
form (0. Mishima, L.D. Calvert and E. Whalley, Nature 31£ (1984) 393) of amor-
phous ice were transferred to a Displex closed-cycle refrigerator. Their
temperatures did not rise above » 80 K. They were then cooled to 17 K and the
total neutron scattering determined for momentum transfers Q ^ 12 A~ using
0.9 Â neutrons from a Be(110) monochromator at the N5 spectrometer. Measure-
ments were also carried out on one high density amorphous (hda) sample after a
short anneal at * 100 K. Both hda samples were subsequently transformed irre-
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versibly to a low density (0.94 g.cnT ) amorphous form (Ida) by heating to
~ 110 K. Measurements (all at 17 K) were also carried out on these Ida
samples after annealing at several temperatures up to 133 K, on a sample of
ice Ic (cubic ice) produced by heating one of the Ida samples above 140 K, and
on the cell after removal of the D2O. The hda and Ida forms both exhibit
typical "liquid-like" diffraction patterns dominated by a principal peak. The
peak is, however, centred at a Q-value 25% larger and is much broader for the
hda form than for the Ida form. The principal peak for the hda form shifted
to about 4% lower Q after the anneal at 100 K, but annealing of the Ida form
produced no significant change.

Programs to analyze the diffraction results have been written and tested, and
values of the static structure factor, S(Q), and the pair correlation
function, g(r), have been determined for one hda sample and the corresponding
Ida sample produced by heating. S(Q) and g(r) exhibit more marked structure
at intermediate Q and r values for the Ida form than for the hda form, indica-
ting that the interatomic distances are less "smeared" for the Ida form and
hence that it is more closely akin to crystalline ice. For the hda form g(r)
is observed to be strictly similar to g(r) for liquid water at the same densi-
ty. This similarity and the piston-displacement-vs-pressure characteristics
observed during manufacture of the hda specimens suggest that the transition
that produced the hda form is a first-order "melting" transition along the
extrapolation of the ice I melting curve into the solid region. Our results
for the Ida form produced by heating the hda form are in very good agreement
with earlier results (M.R. Chowdhury et al., J. Non-Crystl. Sol. 53_ (1982)
247) for Ida ice produced by vapour deposition. Analysis of the results is
continuing.

7.5 Phase Transition in K 2Hg(CNK

B.M. Powell and P.N. Gerlach

The dominant characteristic of the phase transition at 111 K in K.2Hg(CN)i, was
found by neutron profile analysis to be an anti-phase rotation of adjacent
cyano-tetrahedra (PR-P-142: 3^8; AECL-9103). The transition is characterized
by an ordering wave vector qo = {l/2 1/2 1/2}. The one-phonon structure
factor for a mode with such an eigenvector was calculated. It was found to
vanish for all reciprocal lattice points (hkJO with h=k and to be strong for
reciprocal lattice points such as (024),(135) with h#k#l. A single crystal of
K2Hg(CN)it was oriented with the scattering plane defined by fill] and [101]
directions and a search for this mode was carried out.

Intense, well defined neutron groups were observed at the F-points (024) and
(135) and this branch of the dispersion curve was outlined to the zone boun-
dary point L(l/2, 2 1/2, 4 1/2). At 295 K, F and L-point modes have frequen-
cies of 0.540(6) and 0.285(8) THz respectively. As the temperature is lowered
to the transition the frequency at F decreases by * 20%, but that at L decrea-
ses until, at 128 K, the mode could no longer be resolved from the elastic
scattering. Since the L-point corresponds to the ordering wave vector, we
propose that the phase-transition in K2Hg(CN)i| is a soft-mode transition
driven by an L-point mode whose eigenvector is predominantly anti-phase rota-
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tion of adjacent cyano-Cetrahedra. Measurements at higher resolution are
planned to establish the detailed temperature dependence of this mode.

7.6 Structure and Dynamics of d-Ethanol in the Crystalline, Liquid and
Glass Phases

P.N. Gerlach and B.M. Powell

Elastic and inelastic neutron scattering experiments have been used to inves-
tigate the structure and dynamics of the crystalline, liquid and glass phases
of d-ethanol. Earlier calorimetric measurements show the existence of two
crystalline and one glass phase between 80 K and the melting point at 169 K.
A rapid quench from the liquid produces the glass phase, which, under slow
heating between 120 - 155 K, transforms into the crystalline phase. This
crystalline phase is then stable up to the melting point. A measurement of
the temperature dependence of the energy integrated neutron scattering between
Q = 1.25 and 2.28£~ (the first maximum in S(Q) for the glass) showed only one
crystalline and one glass phase. The same crystalline phase is obtained at
118 K by slow super-cooling of the liquid. Different cooling and heating
rates (between 0.05 - 0.5°/min.) lead to changes in the transition tampera-
tures, but do not produce the second crystalline phase reported from the calo-
rimetry. A structure refinement of the crystalline phase shows the molecules
are arranged in infinite chains, which are built up by hydrogen bonds between
nearest neighbour molecules.

For both liquid and glass phases the intermolecular interference function has
been obtained by Fourier transformation of the corrected, energy-integrated,
coherent scattering. No significant differences in the local structures of
the liquid and the glass are observed. In the latter phase a small shift of
the first diffraction maximum to higher angles reflects a decrease in the
centre-of-mass separation of neighbouring molecules. Part of the inelastic
spectra for both liquid and glass states can be well described by Lorentzian
lineshapes with comparable widths. This suggests that diffusive molecular
motion is still present in the glass phase. The increased elastic component
in the glass phase is interpreted as the "freezing-in" of low-frequency
excitations in the liquid.

7.7 Temperature Dependence of a Low Frequency Excitation in Methane
Clathrate

B.M. Powell with J.S. Tse and C.I. Ratcliffe (National Research
Council).

The temperature dependence of the low frequency excitation (= 0.25 THz) pre-
viously observed in C W D 2 O clathrate (PR-P-138: 3.12; AECL-8267) has been in-
vestigated. High resolution measurements were carried out on the C5 spectro-
meter with Si (111) and graphite (0002) as monochromator and analyser respec-
tively and a cold Be filter before the analyser. With an analyzing frequency
of 1.2 THz the spectrometer resolution (FWHM of the incoherent scattering from
vanadium) was 0.042 THz. Both elastic and inelastic peaks could be well des-
cribed with Gaussian lineshapes.



7-£

At 5.3 K the excitation frequency was found to be 0.255 ± 0.003 THz and its
width was 0.080 ± 0.009 THz. The excitation frequency appears to increase
slightly at temperatures greater than 20 K while the temperature dependence of
the width shows a weak maximum at = 20 .K. At 30 K, the highest temperature
investigated, the frequency had become 0.274 ± 0.012 THz while the width was
0.075 + 0.032 THz. However, from 20 K, the intensity of the excitation de-
creases sharply and at 30 K is only ~ 23% of its value at 5.3 K. The intensi-
ty of the elastic scattering remains constant, within error, over the tempera-
ture range. A tentative interpretation of this excitation is a transition
between energy levels of the CH4 molecule vibrating in the clathrate cages.

7.8 Polarization of Spin Waves in USe

T.M. Holden, W.J.L. Buyers with K.M. Hughes (McMaster University)
and P. de V. Duplessis (Rand Afrikaans University)

Uranium selenide is one member of a series of rocksalt structure magnetic com-
pounds. It has a moment of 1.82 |ig and orders ferromagnetically at « 160 K.
Previous experiments (PR-P-139: 3.9; AECL-8554) have shown the existence of a
spin wave branch with a zone centre frequency of « 9 THz. This excitation is
broad, with an intrinsic width of 3 THz. Because this experiment was
performed on a multi-domain sample, we were unable to determine the
polarization of the excitations. With the new horizontal-field magnet
cryostat (PR-P-141: 3.16; AECL-8849) it is possible to produce a single domain
in the ordered phase so that, in principle, the polarization of the excitation
can be measured.

We performed an inelastic neutron scattering experiment on a single crystal
sample of USe. The experiment was done on the N5 spectrometer, using a
Be(0002) monochromator and a graphite (0002) analyser. The collimation was
~ 1° in tjoth incident and scattered beams. All data were collected in the
constant-Q mode, principally with E' = 10 THz.

The sample was cooled through its ordering temperature to 4 K in a field of 2T
parallel to the (111) direction. The (111) Bragg peak showed no change in

intensity on cooling, while the (111) Bragg peak increased by a factor of

~ 20, indicating that the sample was indeed ordering in a single domain.

If the excitation were purely longitudinal it would be observed at (222) but
not at (222). If the excitation were purely_ transverse, two components
would be observed at (222) but only one at (222). Magnetic scattering was
observed at both reciprocal lattice points with the same intensity, to within
the statistical accuracy. Further, there appeared to be no difference in
intensity between single and multi-domain crystals. The results imply that
the observed magnetic scattering has one longitudinal and two transverse
components each with the same strength.
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7.9 Magnetic Neutron Scattering Measurements on

W.J.L. Buyers with T.P. Matthews (Queen's University)

The spin dynamics of the heavy-fermion superconductor URu2Si2 have been inves-
tigated between its superconducting temperature (< 1 K) and its magnetic
ordering temperature (17 K) • The tetragonal crystal was mounted in the
horizontal-magnetic-field cryostat (PR-P-141: 3.16; AECL-8649) with the a*c*
plane as the scattering plane. The measurements were made on the N5 spectro-
meter at the NRU reactor, Chalk River.

Constant momentum-transfer scans were performed for a range of Q-values. A
spin-wave dispersion relation was outlined along the [10ri] direction until the
spin wave became overdamped at n = -0.4 and could no longer be observed.
Measurements are currently in progress to investigate the dependence of spin-
wave damping on momentum transfer. Spin-wave intensities in zero external
field and in a field of 3T parallel to the crystal c-axis were compared;
application of the field was found to increase all intensities by about
~ 10%. Elastic-scattering scans at magnetic Brillouin zone boundaries (e.g.
(100) and (203)) were performed to determine the shape of the uranium form
factor. To ensure that the observed peaks were of magnetic origin scans at
30 K, well above the ordering temperature, were subtracted from identical
scans at 4 K. Analysis of the data is in progress.

7.10 Molecular Dynamics Simulations of P-N2

B.M.Powell with G.S. Pawley (University of Edinburgh)

The orientationally disordered phase of solid nitrogen (p-phase) has been
modelled by molecular dynamics simulation techniques. The equations of motion
for a sample of 4096 N2 molecules were solved by the "leapfrog Verlet"
algorithm on the ICL Distributed Array Processors at the University of
Edinburgh. The interatomic potential used was the XI potential of Murthy et
al. (C.S. Murthy, et al., Molec. Phys. ^, (1980) 1387) adjusted to give the
correct c/a ratio for the p-phase at 55 K and 0 MPa. The temperature of the
simulation sample was steadily lowered and several parameters were calculated
to monitor its state. The lattice parameters a, c, the total and potential
energies per molecule, the mean square displacements of the molecule from its
equilibrium position, the orientation of the linear molecule, two order para-
meters specifying the ordering of nearest and next nearest neighbour molecules
respectively, the values of the hexagonal harmonics H20> Hi+o» Heo> Hgg and the
rotational form factor.

From 60 K down to 5 K the lattice parameters, the energies and the mean square
displacements all decreased steadily, showing no abrupt change as a function
of temperature. At high temperatures the molecules were found to be randomly
oriented. As the temperature was lowered the molecules began to show orienta-
tional order, but the detailed nature of this order could not be established.
At high temperatures the two short range order parameters have a value
characteristic of random orientation. But at ~ 35 K both begin to
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deviate from this value. The nearest neighbour parameter decreases steadily
with temperature while the next neighbour parameter appears to have a maximum
value at ~ 15 K. The hexagonal harmonic H20 decreases steadily with tempera-
ture, in qualitative agreement with the temperature dependence of the nuclear
quadrupole coupling frequency (T.A. Scott, Phys. Lett. 27C, (1976) 89). The
higher order harmonics all have the values expected for random orientation
down to = 35 K. Below this temperature all show increasing deviations from
the "random" value. Finally, at high temperatures, the rotational form factor
was calculated as a function of Q for directions within and perpendicular to
the basal plane. For all directions it has the dependence expected for random
orientition - that of the zeroth order spherical Bessel function. At lower
temperatures deviations from this dependence are apparent and anisotropy among
the different directions is observed.

The simulation clearly models a phase transition at ~ 35 K from an hep struc-
ture with random molecular orientation to a structure with orientational
order. This agrees with the known phase diagram of solid nitrogen. Details
of the structure at low temperatures are presently being investigated by simu-
lations on a cluster of N2 molecules.

7.11 Small Angle Neutron Scattering (SANS) Measurements on Chemically
Altered Cobra Toxins

P. Martel with A.G. Szabo (National Research Council of Canada)

Measurements using the fluorescence decay technique, a short-range probe,
(A.G. Szabo et al., Biophys. J. 45_ (1984) 367a) indicate that if the disul-
phide bridges in cobra neurotoxin and cytotoxin are reduced and carboxy-amido-
methylated, the molecule retains its shape and structure. In contrast, SANS
measurements on aliquots of the same material indicated that the neurotoxin
apparently increased in size (probably by aggregation) and that the cytotoxin
was broken up into small fragments with an apparent radius of gyration, Rg,
of 3.6 ± 2.9 A. Previous measurements (PR-P-134: 3.3; AECL-7778) indicated
that Rg is « 12 £ for both toxins in their native state.

In a second experiment, other samples of the same toxins were denatured in 4M
guanidine deuterium chloride. With removal of this denaturing agent,fluores-
cence decay times indicated the toxins had recovered their original configura-
tion. However, SANS measurements indicated the only ~ 85% of the neurotoxin
and = 30% of the cytotoxin had radii of gyration similar to the values of the
untreated specimens. At present we have no explanation for the discrepancies
between the two probes.

7.12 Stability of the Crystalline Structure of Cellulose Subjected to
Alkaline Hydrogen Peroxide Treatment

P. Martel

According to Kerley et al (Science 230 (1985) 820) the rate and extent of lig-
nocellulosic degradation by microbes in the stomachs of ruminants can be
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greatly enhanced by alkaline hydrogen peroxide treatment of structural carbo-
hydrates (present, for example, in straw). This suggests that very large
additional quantities of cellulosic plant biomass could now be liberated for
beef production. Kerley et al state that a parallel effect of their treatment
is to reduce cellulose crystallinity. In order to test this hypothesis we
have carried out elastic neutron scattering measurements on three sources of
crystalline cellulose. These are: (i) oriented ramie fibres (Gardner and
Blackwell, Biopolymers _13_ (1975) 1974), (ii) Whatman No. 1 filter paper and
(iii) "Avicel" (a polycrystalline cellulose powder used as a filler in
foodstuffs).

The experiment consisted of six neutron diffraction runs, one on each of the
specimens in an untreated state and one on each of the samples after it had
been subjected to a 16 hour treatment as prescribed by Kerley et al. All
three specimens yielded diffraction peaks which could be indexed in accordance
with the known structure of native cellulose (Gardner and Blackwell, op.
cit.). All the results indicated no change in diffraction profile as a result
of the alkaline treatment.

The measurements on ramie fibres permitted examination of nonoverlapping peaks
because these fibres could be oriented with th<| [001] fibre axis both parallel
and perpendicular to the wavevector transfer, Q. Strong peaks ((020) perpen-
dicular to the fibre axis, and (004) parallel to the axis) could therefore be
analyzed in detail. For the (004) diffraction peak, full widths at half maxi-
mum (in degrees) were 0.54 ± 0.03 and 0.58 ± 0.03 for the untreated and
treated samples respectively. Corresponding values for the (020) reflection
were 1.44 ± 0.07 and 1.40 ± 0.07.

It is concluded that, as suggested by Kerley et al., delignification is much
more important than reduced cellulose crystallinity when alkaline hydrogen
peroxide treatment is utilized to enhance degradation of structured carbohy-
drates by microbes.

Professor Iain Taylor of U.B.C. supplied the ramie fibres and "Avicel" was a
gift of the FMC Corporation of Montreal.

7.13 Small Angle Neutron Scattering (SANS) From Thoria Oligomers

P. Martel and B.M. Powell with C.W. Turner (System Chemistry and

Materials Branch)

Solutions of thorium nitrate were hydrolyzed with sodium hydroxide to form
distributions of oligomers according to the reaction:

xTh4+ + yOH~ •» Thx(0H) I
4 x~ vl +

As the ratio r = y/x increases from 0.0, Th 4 + cations are hydrolyzed and
associate to form n-mers, {Thx(0H)yl

4x~v]+ }n> w h e n r = 4.0, hydroly-
sis is complete and a gelatinous precipitate forms. For the range 3.12 _< r K_
3.56 many oligomers have dimensions of order 3O.fl and are amenable to studies
by the SANS technique. This range of r has been studied for thorium concen-
trations in the range 1.0 M to 2.8 M.
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For molar concentrations 1.0 M, 1.8 M, 2.8 M with r = 3.12 the scattering in-
creases monotonically as the wave vector transfer, Q, decreases to Q mi n =
0.02 A , Implying that there is no short range ordering (SRO) of oligomers.
Under these- conditons the data were well described by a gaussian distribution
of radii of gyration. The average values of the radii of gyration increased
with increasing thorium concentration. At 1.8 M, the average radius of
gyration was 15 A (equivalent spherical radius 19.5 A). When r increases to
3.2 there is still no clear evidence of SRO in the data but the gaussian fit
is less satisfactory at large Q. For r = 3.28 the scattering was no longer
monotonic in Q, but a weak peak was observed at Q = 0.06 A~ , and with r =
3.44 this peak became stronger and shifted to Q = 0.08 A" . These peaks imply
mean interparticle distances of ~ 100 A with the separation decreasing as r
increases. The appearance of these peaks implies SRO of similary sized
particles and their behaviour as a function of n offers a means of testing
theories of colloidal formation.

7.14 Neutron Scattering from A-DNA

P. Martel with J. MacTavish and M.M. Pintar (University of Waterloo)
and A. Rupprecht (University of Stockholm)

Further experiments on a specimen of fibre-oriented A-DNA (PR-P-141: 3.18;
AECL-8849) were carried out to investigate the origin of a strong elastic peak
observed at a scattering angle corresponding to a plane separation, d, of
4.9 ". This peak was observed at all specimen orientations relative to, and
including, the helix axis direction.

Using the Debye equation, calculations for isolated double strands of A, B and
C -DNA revealed no elastic peak corresponding to d = 4.9 A. Franklin and
Gosling (Acta Cryst 6_ (1953) 673) indicated that two double strands lying
side-by side in crystalline A-DNA would have an interstrand phosphorous -
phosphorous separation of 4.98. Since it is not clear that such a feature
would lead to a strong elastic peak their structural parameters were utilized
in a structure factor calculation of neutron diffraction intensities. As
expected a very large number of reflections were found, but no particularly
strong reflection was indicated for d = 4.9A. We conclude that the observed
reflection must be due to the presence of a crystalline impurity, possibly
associated with crystal growth.

7.15 Theory of Vacancy Formation in p-LiA?.

S.M. Kim

The intermetallic compound P-LiAl is presently the negative electrode material
in advanced, molten salt batteries of high specific energy and high specific
power. The compound crystallizes in the Zintle phase, B32 structure, of which
NaTJ? is the prototype. The defect structure and the related transport proper-
ties in P-LiA' have been studied extensively using NMR, electrical resistivi-
ty, HalL effect, neutron diffraction, lattice parameter and density measure-
ments. It has been observed, among other effects, that: 1) the compound con-
tains a high concentration of Li vacancies (0.2 - 3.3%) at room temperature;
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2) vacancies are mobile down to 77 K; 3) while kZ atoms are immobile at room
temperature, Li atoms diffuse freely down to 77 K.

In order to account for the above observed defect properties in p-LiAi, a
theory of vacancy formation in Zintle phase alloys has been formulated using
the bond energy model. When applied to LiAJJ it was found that the nearest-
neighbour interaction model is inadequate and interactions up to the 2nd-
nearest-neighbours must be included. The six parameters in the theory were
determined by fitting to the observed composition and temperature dependence
of vacancy concentrations. Additional constraints included the stability of
the Zintle structure, the high melting point (= 700cC), and that the dominant
defects in the Li-rich compositions are Li antistructure atoms. The high
vacancy concentration in this compound was then found to be a result of the
repulsive interaction between two 2nd-nearest-neighbour kZ atoms. The high
diffusivity of Li atoms is a result of the high thermal Li vacancy concentra-
tions, which occupy the nearest-neighbour sites to Li atoms. k% atoms are
immobile because of the high vacancy formation energy on the kZ sublattice.
The condition for the existence of structural vacancies in the Zintle struc-
ture alloys has also been derived. With the above parameter values this
condition is found to be satisfied in p-Li

7.16 Reactor Beam-Hole Use

H.F. Nieman and B.M. Powell

Total reactor operating time was 153 days. The C-2 fast-neutron chopper, the
N-4 thermal neutron facility and the C-l Compton spectrometer were shut down
for the period. The Guelph University spectrometer and the McMaster Univer-
sity spectrometers operated for 95% and 20% of the available reactor operating
time respectively. Utilization of the other occupied beam holes was as fol-
lows :

Beam
Hole

C4

C5

*L3

N5

No. of
Experiments

4

13

10

7

No. of
Participating

CRNL Scientists

3

5

4

5

No. of
Participating

Non-CRNL
Scientists

1

9

3

6

Efficiency (%
of available reactor

operating time
used for experiments)

80

95

98

97

*The L-3 spectrometer was used for commercial work 80% of the available time.
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7.17 Spectrometer Control System

M.M. Potter and G.A. Tapp

The subroutines to fit a Gaussian lineshape to experimental data assuming a
flat, sloping or zero background have been incorporated into the spectrometer
control program (PR-P-142: 3.13: AECL-9103). The FIT command has been expan-
ded to include ON/OFF options. If the ON option is selected the data is fit-
ted to a gaussian at the end of each scan and the fitted results, with
standard errors, are printed immediately following the data printout. A
BACKGROUND command has been added to permit users to select a flat, sloping or
zero background.

A HELP command has been incorporated into the spectrometer control program.
If no option is specified when this command is entered a condensed list of
command names and options is printed. If one of these is specified as the
option with the HELP command, then help information for that command is
printed. If the ALL option is specified, the help information for all com-
mands is printed.

7.18 Plot Program for Spectrometer Data Analysis

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

The plot programs (PR-P-140: 3.26; AECL-8648) have been revised to allow input
of a second spectrometer data file and changes have been made to make them
more "user-friendly". The revised codes have been successfully tested on the
ZETA 1200 plotter. However, when run on the ZETA 8 plotter, the program now
exceeds the allowed memory size. The use of virtual arrays is being investi-
gated to overcome this problem.

7.19 COMPAK; A Program for Archiving Spectrometer Data Files

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

Data from the spectrometers is stored in file-sets on the host computer disk
system. Each set comprises an input data file, an output directory file, an
output data file and a status file. When the capacity of the host disk system
is reached the file-set must be archived on removable disk packs.

A FORTRAN program has been written to provide a fail safe method of archiving
the data. After prompting for input and output device names, the program
prompts for the name of the file-set and the option to delete or retain the
input file-set. It then verifies that the input file-set contains valid data,
that the output device does not contain files of the same name (since these
would be over written) and there is adequate free space on the output device
for the file-set. If these criteria are met the file-set is compressed to
eliminate unused space within the files and then copied to the output device.
By eliminating the unused space the storage capacity requirements for
archiving data is reduced three fold.
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7.20 Thirteen Element Detector Array

M.M. Potter, H.F. Nieman and B.M. Powell

The thirteen element detector array (PR-P-141: 3-27; AECL-8849) has undergone
initial testing on the C4 spectrometer at NRU reactor. Several detectors
exhibit symptoms of high voltage leakage and more development work, is required
to overcome this problem.

The spectrometer control program has been modified to handle data readout and
analysis for a multi-detector array. When the "calibration" option is invoked
the data from each individual detector is stored as a separate scan. The
Gaussian fit program can then be used to determine the relative efficiencies
of the detectors and their angular spacing. When the "normal" option is
invoked the entire detector array is moved in a scattering angle scan compri-
sing three steps with 0.1° increments. The data from all thirteen detectors
is then combined by the control program and is read out as a single 39 point
scan.

7.21 Reflectivity Tests on Mica

H.F. Nieman, A.H. Hewitt and P. Martel

Monochromators with large plane spacings are effective at small diffraction
angles, a property which can be useful in certain restricted geometries. The
large neutron energy bandpass which results is not necessarily detrimental for
small angle neutron scattering and leads to high beam intensities for such
experiments. A series of measurements have been carried out on crystalline
mica which has a large (001) plane spacing of 9.98 A. The crystals were in
the form of sheets «0.70 mm thick. The reflected intensity was measured as a
function of increasing number of sheets. With more than seven sheets very
little increase in intensity was observed. A monochromator was therefore
constructed which comprised seven sheets, 8 cm high and 15 cm wide. The
reflected intensity for neutrons of wavelength 4.03 A was « 50% of that from a
squeezed silicon monochromator. Further experiments aimed at broadening the
narrow mosaic spread (0.16°) are planned. One possibility is to interleave
shims in the form of thin strips of mica at the monochromator edges.

7.22 Acceptance Testing of the 200 uW Dilution Refrigerator

H.F. Nieman, D.C. Tennant and J.C. Evans

The Oxford Instruments Model 200 Dilution Refrigerator and magnet arrived on
site in January 1986 and was assembled and tested by Oxford and CRNL personnel
in February - March 1986.

It was not possible to use the paramagnetic thermometer system during these
tests. Instead the specimen temperature was measured using a y-ray nuclear
orientation technique incorporating an irradiated cobalt single crystal as the
primary thermometer and a Ge detector counting system. A temperature of
6.8 mK was achieved. The superconducting magnet was tested successfully to
5.0 T. The liquid helium hold-time was « 72 hours. This will be increased to
» 100 hours following installation of retractable current leads to the magnet.
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7.23 A Computer Controlled Crystal Growth System

D.C. Tennant and B.M. Powell

A computerized temperature control system for growing single crystals has been
developed using a Commodore 8032 computer. Platinum thermometers and heaters
are mounted at both ends of a quartz glass growing chamber thus allowing two
completely independent control points. The software for the control process
is written such that the temperature of each point may be independently adjus-
ted at different rates. This allows complete control of the temperature gra-
dient across the growth chamber and of its time dependence. The system is
presently operating with the Cl crystal growing cryostat and maintains control
to 0.02 K over a range of 120 to 300 K.

7.24 Specimen Drive for Horizontal Field Magnet

D.C. Tennant and W.J.L. Buyers

A specimen drive system has been developed for the NSERC Horizontal Field
Superconducting Magnet Cryostat which sets the angular orientation of the
specimen to 0.01°. A "sense" and "drive" tube technique is employed in which
the "drive" tube is allowed to distort in the magnetic field but the "sense"
tube, which is directly coupled to an optical encoder, remains stress free and
reads the correct specimen orientation angle. The modular construction of the
assembly enables easy access through the top loading feature of the cryostat
and so rapid specimen changes can be made. The liquid helium hold time was
reduced by less than 10% on insertion of the drive assembly and remains more
than 100 hours when operating at 4.2 K.

7.25 Sensor Calibration System

D.C. Tennant and J.C. Evans

An automated facility for calibrating resistance or diode thermometers in the
range 1 to 300 K has been developed using the PDP-11 computer network and
interface modules which control triple-axis neutron spectrometers at NRU.
Three uncalibrated sensors and three Lake Shore Cryotronics calibrated sensors
(platinum, germanium and Si diode) are mounted on a common copper block which
is held in a cryostat insert. The insert is lowered into the liquid helium
bath and the rate of temperature change is controlled by the pressure of
exchange gas in the insert and by the power applied to a heater on the copper
block. A vacuum pump is connected to the helium bath for calibration down to
1 K. As the temperature is varied over the specified range a computer program
reads the temperatures of the calibrated sensors and the output voltages from
the uncalibrated sensors, thus calibrating the latter. This calibration is
written to disc files to be recalled when sensors are required to control the
temperature during an experiment.
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7.26 A High-Resolution Measurement of the Photofission Cross Section of
"230U near Threshold

W.F.'Mills and J.W. Knowles with.T.E. Drake (University of Toronto) and
J.C. Kim (Seoul National University) and P. Rullhusen (Physikalische
Institut der Universltat Gottingen)

The Chalk River bremsstrahlung monocbromator at the University of Illinois
Nuclear Physics Laboratory has been used with a multi-wire fission chamber to
measure the photofission cross section of U between 4.96 and 6.35 MeV with
a resolution of 12-14 keV. The data has been analyzed and the results will be
reported in a publication.

7.27 Status of the Solar Neutrino Observatory Proposal

E.D. Earle with G.T. Ewan, H.-B. Mak and B.C. Robertson (Queen's
University), R.C. Allen, H.H. Chen and P.J. Doe (University of
California, Irvine), D. Sinclair (Oxford University), W.F. Davidson and
R.S. Storey (National Research Council, Ottawa), P. Jagam and J.J.
Simpson (University of Guelph), E.D. Hallman (Laurentian University),
A.B. McDonald (Princeton University) and A.L. Carter and D. Kessler
(Carleton University)

Funding has been obtained to complete the next phase of the proposal. This
will entail the preparation of detailed cost, construction and technical esti-
mates as a basis on which a request for construction funds can be made.

The recent realization that neutrino matter oscillations in the Sun's core
could have a significant effect on the neutrino energy spectrum has increased
the potential of the proposed detector to obtain important experimental infor-
mation. A measurement of the electron neutrino spectrum above 5 MeV, already
predicted to be feasible, could itself determine neutrino oscillation parame-
ters. The detector's ability to measure neutral current events via the deute-
rium disintegration reaction would provide more oscillation information, but
until the Ra background is known the feasibility of this measurement
remains uncertain.

INCO will drill a 250 m tunnel to the proposed site and geotechnical measure-
ments will be performed to allow preparation of the cavity design and cost
estimates. Queen's University will be the lead agency for designing electro-
nics and testing phototubes. Carleton University, NRC, and University of
California, Irvine, will build test detectors for the NRC linac and design
appropriate calibration systems. The radioactivity backgrounds in acrylic,
D2O and other components will be considered by Oxford University, Guelph Uni-
versity, NRC and CRNL personnel. Details of the construction of the acrylic
vessel will be prepared under the supervision of Irvine personnel. General
detector design, the water handling systems, the support space and equipment
requirements and liaison between members of the SNO project will be carried
out by CRNL and Queen's University.
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7.28 Semiconductor Detectors

G.A. Tapp

Two Ge(Li) detectors were checked for System Chemistry and Materials Branch.
One was returned to service but the other proved to have suffered irreparable
damage. A Ge(Li) detector repaired for Reactor Loops Branch was restored to
its original specifications.

7.29 Ion-Chamber Controller

G.A. Tapp

The new ion-chamber controller and DVM interface (PR-P-141: 3.44; AECL-8849)
and reed-relay switch (PR-P-142: 3.25; AECL-9103) have been completed and in-
stalled. The first draft of a report on this system has been finished.

7.30 Data Acquisition Software

G.A. Tapp

Minor changes were made to the program controlling the ion-chamber system to
match the new control hardware. A new version of the 4it p-y coincidence con-
trol program was written for the 4TC e-x coincidence system developed for
measuring Cd. It was necessary to allow semi-manual operation because this
system could not be used with a sample changer. Another modification has been
prepared to allow computer-control of a programmeable high-voltage supply.

7.31 Acrylic Reduction for SNO

R.J.E. Deal, G.A. Tapp, H.C. Spenceley, E.D. Earle and J.G.V. Taylor
with G.M. Milton (Environmental Research Branch)

To obtain an improved estimate of the Th concentration (<8xlO~ ) in acrylic
resin for use in the SNO project, several efforts have been made to reduce
large samples of the components to ash for a-particle measurements. The pro-
blem has been to disperse safely large volumes of toxic, low flash-point
vapour without contaminating the sample or driving off trace metals. Several
ovens and furnaces have been modified and tested without finding an ideal
arrangement. The best system to date consists of a high-temperature tube
furnace mounted vertically in a fume hood and fitted with a high-purity syn-
thetic quartz liner surrounding the quartz evaporation vessel. Further deve-
lopment is in progress.
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7.32 Bragg-Curve Detector

G.A. Sims and G.A. Tapp with D. Horn, M.J. Steer, G.C. Ball and E.
Hagberg (Nuclear Physics Branch) and L. Potvin (Laval University)

Following the successful test of the prototype Bragg-curve detector module
(PR-P-142:2.32: AECL-9103) it was decided to proceed with designs for a simi-
lar detector with a stainless-steel shell that would be suitable for close
packing into a hn array. The present design calls for 72 Bragg-curve detector
modules, 60 hexagonal and 12 pentagonal.

Design of a packable pentagonal detector module, based on the prototype, is
now in progress. A support using the module end flange is ready for use, but
problems have been encountered with flexing of the Frisch grid frame. The
glass-cloth/epoxy-resin frame was stiffened by the addition of 0.6 mm thick
alumina strips bonded to the outside faces. This procedure, however, did not
completely eliminate flexing of the frame when the grid wires were attached.
Development work is continuing to overcome this problem.

Additional development is needed on the wire grid to support the front window.
Several systems have been studied but a suitable solution has not yet been
found.

An Amptek A-250 preamplifier chip has been tested. A new circuit board and a
support to mount the preamplifier on the Bragg-curve module are under con-
struction. Three types of FET's have been purchased to allow a choice for
matching the preamplifier to the detector characteristics.

7.33 Foil Stretcher

G.A. Sims and M.A. Lone with M.G. Steer (Nuclear Physics Branch)

All modifications to the foil stretcher (PR-P-137: 2.16; AECL-8106) incorpora-
ting the new 80 cm mushroom shaped aluminum disc have been completed. Techni-
ques for stretching the films using the new 80 cm dome and associated compo-
nents have still to be tested.

7.34 High-Voltage Limitations on Condenser Breakdown

J.W. Knowles and W.F. Mills

It has been proposed that the average electrical gradient at the corona thres-
hold can be used as a measure of the maximum allowable gradient for the long
life-time design of electrical condensers.

It was suggested that condensers containing much less dielectric might be con-
structed for induction accelerators. These special condensers would have very
high corona thresholds obtained by special conditioning. Such condensers have
been tested at AECL with Mylar as the dielectric and with DC voltages. It is
proposed these tests be extended to include other dielectrics and other con-
denser geometries using AC as well as DC voltages. A report of this work has
been written.
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7.35 Gas Counters

W.F. Mills, G.A. Tapp and J.G.V. Taylor

All fission and BF3 counters in the branch not currently in use have been
located, retrieved and tested. The good ones were returned to stock with test
results attached and the unusable counters disposed of. Card files for all
usable counters have been updated.

The He filling system has been used to fill a test counter to 1 MPa. A
garaffin-cadmium shield is being constructed to allow background tests of
He counters while they are still on the line. Minor modifications to the

system will be needed to provide room for the shield. Leaks were found in the
insulator welds of the 3-wire Zircaloy counter (PR-P-139:3.27; AECL-8554).
The transition sleeves have been machined out and new nickel sleeves will be
vacuum brazed into the Zircaloy end plates.

An existing 4irP proportional counter with aluminized mylar exit windows was
modified to support the Nal(T^) x-ray detectors on either side for Air e-x
coincidence counting of Cd. Following the success of this experiment, a
new counter with similar window and x-ray detector supports has been designed
for use with an automatic sample changer.

1 0 9
7.36 International Comparison of Cd

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

This full-scale comparison among 22 laboratories was organized by the B1PM
following the successful trial comparison held in the spring of 1985
(PR-P-141: 3.46; AECL-8849). The Cd was supplied by the NAC, Faure, prepa-
red for distribution by the OMH, Budapest, and dispatched by the LMRI, Saclay.
The problem of measuring Cd and the method previously used at CRNL (compa-
rison with 13.4-h Pd) are described in detail in the above reference. For
this comparison the new 4 it e-x coincidence method (PR-PHS-P-1: 7.37; AECL-
9262) was developed. Compared to the Pd method the coincidence method is
simpler (no Pd to produce and standardize) more direct (no gamma-ray compa-
risons) and potentially more precise. Activity concentrations determinadL by
each method were submitted to the BIPM, viz., (6.026 ± 0.042) MBq.g" Pd
method) and (5.995 + 0.041) MBq.g" (4 TI e-x method).

109
7.37 A New Method for the Standardization of Cd

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

A 4rc e-x coincidence method based on an efficiency extrapolation procedure has
been developed for standardizing Cd. It is shown that the efficiencies for
various processes are linearly related to a measurable efficiency for counting
low energy (0.5-4 keV) Auger electrons from transitions in the L and M shells
of Ag in coincidence with K x-rays. The activity is derived from the
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results of measurements taken over a range of efficiencies extrapolated to
100% efficiency. To detect the 22-25 keV Ag x-rays two NaI(T?) detectors 50
nun in diameter and 1 mm thick with 0.13 mm thick Be windows were .mounted one
on each side of a 4u proportional counter fitted with 0.9 mg.cuT aluminized
mylar exit windows. To get useful low-energy Auger electron efficiencies the
thinnest possible sources are prepared on thin source mounts and used un-
covered.

7.38 4iry[NaI(TJ0] Counter

D.A. Inzirillo, R.H. Martin, G.A. Tapp and J.G.V. Taylor

Commissioning of this detection system (PR-P-135: 3.31; AECL-7907) has begun
after postponements due to a manufacturing error (PR-P-136: 3.22; AECL-7982
and pressure of other work. In the meantime a survey of high-efficiency
("4TI") Nal(TA) counters in use at five national laboratories has confirmed the
value of these detectors for radionuclide metrology (C. Ballaux, Int. J.
Appl. Radiat. Isot. 34_ (1983) 493). The CRNL detector comprises a 15 cm dia-
meter by 15 cm long NaI(TJ?) crystal with a 5.8 cm diameter by 7.5 cm deep well
and a 5 cm diameter by 7.5 cm long Nal(T^) crystal to fit in the well.
Compared to standard well crystals, for a source at the bottom of the well,
the overall detection geometry is more nearly 4u sr, physically larger samples
can be accommodated and the detection efficiency is less affected by small
variations in sample size or position.

High efficiency detectors are particularly useful for measuring nuclides
decaying via gamma-ray cascades. The total efficiency is given by ct =

l-n(l-e.) where the e. are the net individual efficiencies for k coincident

transitions. Calculated intrinsic efficiencies for this system are about 95,
90, and 85% for 400-, 600- and 800 keV photons respectively. If these
efficiencies are assumed, £t ~ 99.5% for a 400 kev-600 keV cascade. If the
net efficiencies were actually 10% lower then et » 97%; i.e. for cascades
the total efficiency is relatively insensitive to small uncertainties in
source mount absorption and gamma-ray emission probabilities.

The detector has been installed in a 10-cm thick Pb castle with a Cd-Cu graded
shield around the large crystal. The necessary electronic modules have been
collected in a NIM bin and tested. The individual amplifier outputs can be
analyzed with an MCA or summed and passed through a discriminator and a fixed
dead-time unit to a CAMAC sealer. The observed background count rate is = 30
per second for all events > 22 keV, < 2% of the rate observed for similar un-
shielded detectors (PR-P-130: 2.28; AECL-7408). It was observed that occasio-
nal large background pulses were overloading the system and introducing large
dead times. (This is not surprising since cosmic ray events can deposit more
than 80 MeV in 15 cm of Nal.) Careful adjustment of phototube and amplifier
gains plus the use of short time constants and bipolar signals have reduced
this problem to an acceptable level, but some form of input limiting may be
introduced in future. The measured detection efficiency for 835 keV gamma
rays ( Mn) is about 80% which may be compared to the calculated intrinsic
efficiency (i.e. assuming nominal dimensions with no correction for absorption
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in the source holder or crystal containers) of * 86%. No change in efficiency
due to rate-dependent gain shifts was observed for rates in the range 2-20
kcps. Future work will include measurement and calculations of efficiencies
including absorption effects over a range of gamma-ray energies, estimates of
uncertainties due to low-energy cut-off and variations in the discrimination
level and measurements of nuclides decaying via simple and complex gamma-ray
cascades.

7.39 Source Storage Vault

H.C. Spenceley, R.H. Martin and J.G.V. Taylor

The new radioactive source vault for Bldg. 115 (PR-P-142:3.29; AECL-9103) has
been designed, built and put into service. A set of steel tool drawers is
raised 30 cm above the floor to permit strong, individually shielded sources
to be stored underneath. The two bottom drawers containing ion-chamber ampou-
les, typically 1-10 MBq each, are shielded at the front with 5 cm of Pb. A
3 cm deep drawer immediately above them is filled with Pb and permanently
closed. The remaining drawers hold beta-and gamma-ray calibration sources,
typically 1-100 kBq each. The whole structure is surrounded with 5 cm of Pb
including a 5 cm thick rolling door. Thus when the door is opened to retrieve
weaker sources the stronger ones are still substantially shielded. All sour-
ces previously stored in the radionuclide metrology vault in Bldg. 114 have
been transfered to the new vault. The maximum radiation field with the vault
door open was 8 mR.h" (average of 2 mR.h" ) at the front of the drawers.
With the door closed this is reduced to < 0.2 mR.h" • The new vault is a
great improvement over the old one providing better organization and access as
well as reduced exposure.

7.40 Standards Issued

R.H. Martin

(a) Standard Sources (by Branch)

- Dosimetric Research (1)
&0Co - Dosimetric Research (3)
6^Cu - Nuclear Physics (4)
90Sr - Radiation and Industrial Safety (6)

10^Cd - Dosiraetric Research (1)
137Cs - Radiation and Industrial Safety (6)
147pro - Dosimetric Research (1)
152gu _ Dosimetric Research (2)
182i;a _ Instrumentation and Control (1)

- Dosimetric Research (2)

(b) Solution Standards

6°Co - System Chemistry & Materials (2)
9°Sr - Environmental Research (1)

- Dosimetric Research (1)
- Dosimetric research (1)
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- Instrumentation & Control (1)
- Instrumentation & Control (1)

Two solutions of Yb were prepared from irradiated Yb and purified by ion
exchange to prepare energy and line-width reference sources for the neutrino
mass experiment.

Two Am standards were recounted for Chemical Operations Branch to confirm
their calibration figures.

7.41 Glassblowing Laboratory

J.G. Wesanko and D.A. Doering

Major jobs completed during the period are grouped by branches as follows.

Physical Chemistry

A new gas handling rack for laser photochemistry was made and installed. Four
laser tubes were modified with the addition of sidearms cut to Brewster
angles. A tube was made for testing the heat deformation of rubber sleeves.
Two boiling flasks with sidearras were built for I recovery experiments. A
carbonate analysis system was constructed for CO2 gas collection. A vertical
hang-down tube was modified and a new vacuum vessel built for a Cahn vacuum
electrobalance. Two quartz furnace tubes were made for studies on lithium
ceramics. A glass vacuum system for gas analyses was assembled.

Mechanical Equipment Development

A glass to stainless steel seal was added to the SLOWPOKE safety-valve test
unit to allow it to be connected to a stainless steel system. Two 254 ram
diameter by 31.75 mm thick quartz flats were ground to a diameter of 240.5 mm
to be used as fluid-seal gauges. Twenty-four 2 ml glass beakers were made for
ashing grease samples.

9 9

Chemical Operations ( Mo production)

Forty-six alumina columns were fabricated and 88 modified. Thirty
product-recovery headers were built.

Fuel Engineeering

Six glass bubblers were modified for use in the Hot Cells.

Nuclear Physics

A quartz aerosol generator was repaired for a TASCC ion source and gas control
stop cocks were modified for the detector in the neutrino-mass experiment.
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7.42 Mechanical Laboratories

A.H. Hewitt and H.C. Spenceley

In the Building 459 Mechanical Laboratory, a pair of minature adjustable slit
assemblies with micrometer movements in both X and Z directions was designed
and fabricated for the 10 mm x 10 mm aperture collimator extension snout used
for strain measurements.

Two special cassettes were made for studies of protein dynamics. They were in
the form of 3mm annular chamber 38 mm O.D., 32 mm I.D. and 75 mm long and were
made out of 0.25 mm vanadium sheet. The ends of these cassettes were formed
by spinning, and all seams were electron beam welded.

The first specimen mount and a specimen stand-off were made for the dilution
refrigerator (PR-PIIS-P-1: 7.22, AECL-9262). This mount, made of O.F.H.C.
copper, employed a 12.5 mm ball to which the crystal (PrBr3) was fastened. A
fixture was constructed on which the crystal was aligned before the position
of the ball was clamped. The entire procedure is carried out prior to
installation in the dilution refrigerator.

The motorized variable curvature analyzer (PR-P-142:3.31; AECL-9103) was com-
pleted.

Other work included eight different specimen stands for residual strain
studies, an aluminum cassette for GaAs discs, two aluminum housings for
detector amplifiers for Ontario Hydro, and five various specimen mounts for
neutron diffraction experiments.

The major accomplishment of the Building 116 Mechanical Laboratory for this
period was the design and construction of the new Source Storage Vault for
Bldg. 115 (PR-PHS-P-1: 7.39; AECL-9262). This took * 25% of the Bldg. 116
shop effort. Bragg-curve spectrometer and scintillator components, counters
for radionuclide metrology, and tools for the glassblowing shop each took 20%
of the time. Ten percent was spent modifying furnaces for SNO studies while
small jobs for Section I, the neutrino-mass experiment and Instrumentation and
Control Branch used the remaining 5% of the time.

7.43 Search for Evidence of Heavy Neutrinos in the p-spectrum of Ni

M.A. Lone et al.

See PR-PHS-P-1: 2.1.1; AECL-9262
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7.44 Publications and Lectures

Publications

Electronic Damping of Spin Waves in Ferromagnetic Uranium Chalcogenides:

Uranium Selenide
T.M. Holden, W.J.L. Buyers, P. de V. DuPlessis, K.M. Hughes and
M.F. Collins
Journ. of Magnetism and Magnetic Materials 54-57 (1986) 1175

Gap Modes in the Spin-1 Quasi-One-Diraensional Antiferromagnet CsNiCjf3 and

the Haldane Conjecture
W.J.L. Buyers, R.M. Morra, R.L. Armstrong, M.J. Hogan, P.N. Gerlach and
K. Hirakawa

Journ. of Magnetism and Magnetic Mat. 54-57 (1986) 1277

Experimental Evidence for the Haldane Gap in a Spin-1 Nearly Isotropic
Antiferromagnetic Chain
W.J.L. Buyers, R.M. Morra, R.L. Armstrong, M.J. Hogan, P.N. Gerlach and
K. Hirakawa
Phys. Rev. Lett. _56_ (1986) 371

Solitons in the One-Dimensional Ising-Like Antiferroraagnet CsCoBr3
W.J.L. Buyers, M.J. Hogan, R.L. Armstrong and B. Briat
Phys. Rev. B33 (1986) 1727

Moments in Metals
W.J.L. Buyers
Physica 137B (1986) 53

Determination of the Attenuation Coefficients of Visible and Ultraviolet
Radiation in Heavy Water
L.P. Boivin, W.F.Davidson, R.S. Storey, D. Sinclair and E.D. Earle
Appl. Optics 25_ (1986) 877.

Vacancies in CsCA-Type Intermetallic Compounds: Structural Versus Thermal
S.M. Kim
Phys. Rev. B3_3_ (1986) 1509

Systematic Study of the Lattice Dynamics of the Uranium Rocksalt-Structure
Compounds
J.A. Jackman, T.M. Holden, W.J.L. Buyers, P. de V. DuPlessis, 0. Vogt and
J. Genossar
Phys. Rev. B33 (1986) 7144
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Publications (Cont'd)

Crystal Structure of p-CaNi5DQ.77 by Rietveld Analysis of Neutron
Powder-Diffraction Data
L.D. Calvert, B.M. Powell, J.J. Murray and Y. Le Page
Journ. of Solid State Chem. ^0 (1985) 62

Collective Excitations in an Orientationally Frustrated Solid; Neutron
Scattering and Computer Simulation Studies of SF6
M.T. Dove, G.S. Pawley, G. Dolling and B.M. Powell
Molec. Physics 57_(1986) 865

The Crystal Structure and Phase Transition of Methyl Bromide
P.N. Gerlach, B.H. Torrie and B.M. Powell
Molec. Phys. 5_7_ (1986) 919

4 3
Neutron Scattering by He and He
E.C. Svensson and V.F. Sears
Physica 137B (1986) 126)

Phonons and Their Interactions
G. Dolling
Physica 137B (1986) 115

Lectures

Heavy Fermion Ground States
W.J.L. Buyers
Mcfiill University, Montreal, P.Q., 1986 Jan. 15

Heavy Fermion Ground States
W.J.L. Buyers
Universite de Sherbrooke, P.Q., 1986 Jan. 16

Nuclear Power
E.D. Earle
Highschools in Moncton, New Brunswick, 1986 Feb. 2-7

DUALSPEC as a National Neutron Facility
W.J.L. Buyers
Presentation to NSERC Visiting Committee, McMaster University,
Hamilton, Ontario, 1986 February 6.

The Solar v Problem and the Sudbury Underground Detector Proposal
E.D. Earle
Toronto University, Toronto, Ontario, 1986 Feb. 24

Magnetic Fluctuations and Ordering in the Heavy Fermion System

URu 2Si 2
C. Broholm, J.K. Kjems, T.T.M. Paalstra, A.A. Menovsky, J.A.
Mydosh and W.J.L. Buyers
Euro Physics Society Conference, 1986 March 22-2 5, Stockholm, Sweden
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Nuclear Power
E.D. Earle
7 Highschools in Grand Falls and Corner Brook, Nfld. 1986 April 18-26

A D2O Cerenkov Detector for Solar Neutrinos
E.D. Earle
Particle and Nuclear Physics Conference, Lake Louise, Alberta, 1986
May 26-31

Magnetism and Neutrons
W.J.L. Buyers
Presentation of Rutherford Medal in Physics for Royal Society of Canada,
Winnipeg, Manitoba, 1986 June 1-4

High-Density Amorphous Ice: Structure and Properties
M.A. Floriano, E. Whalley, V.F. Sears and E.C. Svensson
69th Canadian Chemical Congress, University of Saskatchewan, Saskatoon,
Saskatchewan, 1986 June 1-4.

Spin Fluctuations and Heavy Fermion Ground States
W.J.L. Buyers
17th Rare Earth Conference, McMaster University, Hamilton, Ontario, 1986
June 9-12

Heavy Fermions and Massive Bosons by Neutron Spectroscopy
W.J.L. Buyers
1986 CAP Annual Congress, University of Alberta, Edmonton, Alberta, 1986
June 23-25

Collective Excitations in SFg: An Orientationally Frustrated Solid
B.M. Powell
Annual Meeting of American Crystallography Association) at McMaster
University, Hamilton, Ontario, 1986 June 23-27

Implication of Attenuation Coefficients of Light and Heavy Water for the
Sudbury Neutrino Observatory
W.F. Davidson, E.D. Earle, R.S. Storey, D. Sinclair
1986 CAP Congress, University of Alberta, Edmonton, Alberta, 1986 June
23-25

Measurement of Background Radiodetectors in Creighton Mine
W.F. Davidson, E.D. Earle, E.D. Hallman, D. Sinclair
1986 CAP Congress, University of Alberta, Edmonton, Alberta, 1986 June
23-25

Structure Factor of Amorphous Ice
M.A. Floriano, E. Whalley, V.F. Sears and E.C. Svensson
1986 CAP Congress, University of Alberta, Edmonton, Alberta, 1986 June
23-25
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Neutron Scattering: What is it and What use is it?
G. Dolling
CRNL, 1986 April 15 and July 2
WNRE, 1986 May 15.
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8.2 Electromagnetic Neutron-Atom Interactions

V.F. Sears

The items described in the previous Progress Report (PR-P-142:4.2,4.3,4.4 (AECL-
9103) have been included in a comprehensive review article on electromagnetic
neutron-atom interactions that will appear soon in Physics Reports.

6.3 Neutron Diffraction in Amorphous Ice

V.F. Sears

We have calculated an expression for the static structure factor S(Q) of amor-
phous H20 to be used in the analysis of neutron diffraction experiments per-
formed recently by E.C. Svensson (NSSP Branch) and A. Floriano (NRC). In
general, S(Q) depends on the 00, OH, and HH atomic pair correlation functions.
To determine these quantities one must measure S(Q) for H2O/D2O mixtures with
at least three different deuterium concentrations. The 00 pair correlation
function can, however, be determined from a single S(Q) distribution if the
interraolecular orientational correlations are negligible.

We have also calculated expressions that can be used in the present experiments
to correct for effects of absorption, self-shielding, multiple scattering, and
inelastic scattering.

8.4 Neutron Diffraction Measurements on Amorphous D^O Ice

E.C. Svensson and V.F. Sears with A. Floriano and E. Whalley
(National Research Council, Ottawa)

See PR-PHS-P-1:5.4 (AECL-9262).

8.5 Measurement of Colloid Charge by Neutron Scattering

V.F. Sears

At the suggestion of W.J.L. Buyers (NSSP Branch) we have considered the feasi-
bility of measuring the electric charge on colloid particles by means of small-
angle neutron scattering. There are two ways in which the neutron magnetic
dipole moment interacts with an electric charge distribution: (1) the spin-
independent Foldy interaction and (2) the spin-dependent Schwinger (or spin-
orbit) interaction.

In first order the Schwinger term gives no contribution while the Foldy term
gives an isotropic contribution that is of order 10" z relative to the nuclear
scattering. Here z is the net charge per atom (in units of e) on a colloid par-
ticle. In second order, the Schwinger term gives a contribution that depends on
the angle of scattering 41 and diverges as <J> •* 0. This term becomes comparable
with the nuclear scattering when 4> < 0.1 Izl (degrees).

Since jzl « 1 the final conclusion is that the measurement of colloid electric
charge by small-angle neutron scattering is possible in principle but the effect
is too small to be measured in practice.
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8 .6 Neutron Optics

V.F. Sears

Two chapters of a book on the theory and 'application of coherent elastic neutron
scattering (i.e. neutron optics) have been written. This book is being written
at the request of the editors of Oxford University Press as one of a series of
books on neutron scattering, and is scheduled for completion by December 1987-

8.7 Penetration of Heavy Ions in Solids

K.B. Winterbon

The work on fluctuations of numbers of vacancies in cascades, commented on
earlier (PR-P-141:4.6 (AECL-8849)) has been completed, written up, and accepted
for publication.

Multiple scattering (ms) calculations are usually done in an approximation in
which all angles are assumed small in an absolute sense. The ms distribution is
obtained as a Fourier-Bessel transform. There is another description, in which
the ms distribution is written as a series of Legendre polynomials, which treats
angular deflections exactly, but in which the depth variable is actually the
length of the particle path. (In the small-angle approximation they are indis-
tinguishable.) It has now been shown that the former can be obtained explicitly
as the small-angle limit of the latter; also the lowest-order correction terms
to this limit have been obtained and evaluated. Furthermore, a path-length cor-
rection, correcting the depth variable from path length to projected depth, has
been obtained for both theories. A paper on this subject has been accepted for
publication.

In the course of the finite-angle ms work mentioned above, it appeared that
the Legend re-polynomial representation of the ms distribution could be summed
more efficiently by moment-theory methods, taking advantage of the fact that the
ms distribution must be a non-negative and decreasing function of deflection.
Initial work was promising but the work could not be completed in the time
available.

8.8 Muon-Catalyzed Fusion

K.B. Winterbon

A negative muon replacing an orbital electron in a heavy hydrogen molecule can
induce the nuclei to fuse and liberate energy, with one muon causing 150 or
more fusion events. Can this muon-catalyzed fusion (mcf) be used as an energy
source?

At present the mcf cycle, considered as an energy source alone, is a factor of
10-15 away from energy breakeven, but the neutrons produced are potentially
much more valuable than the direct fusion energy, able to produce fissile fuel
and fission reactions, creating both more neutrons and an arbitrarily large
amount of energy. Hence mcf is a potential adjunct to spallation as a compon-
ent of an integrated breeder/fission-reactor system. At this time mcf is no
better than comparable with spailation in both neutron and energy yields, and
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Is more complex. Furthermore, each fusion neutron must be used to create a
new tritium nucleus, so it is only the neutrons produced by multiplication
that are available to breed fissile fuel. On the other hand, the particle
beam exiting from the pion production target may be usable for spallation, and
the yield of fusion reactions per muon is still rising rapidly as understand-
ing grows; thus incorporation of mcf should be considered in the design of a
spallation source.

A report is being prepared to summarize the present knowledge of mcf.

8.9 Comparison Between the Coherent Pair Approximation and the "Hedgehog"

Ansatz in a Chiral Soliton Model

M. Harvey

Chiral soliton models have been proposed in the literature as a means of cor-
relating hadronic properties without recourse to a full calculation in QCD.
Solutions of a schematic hamiltonian having p-wave, isovector pions interact-
ing with both nucleon and delta quark sources have been examined using the
coherent pair approximation or CPA (Bolsterli, Phys. Rev. D 24/1981)400) with
up to four unpaired pions. Comparisons have been made with the results
obtained by Fiolhals and Rosina (Coimbra, preprint) using the generalized
"hedgehog" ansatz with projection of good quantum numbers after variation.
For the physical nucleon, the hedgehog ansatz is found to lead to similar or
slightly lower energies than the CPA with up to four unpaired pions for small
coupling constants. For larger coupling constants the CPA variational solu-
tion is poor. For the physical delta the range of applicability of the CPA is
less than that for the physical nucleon. The results of this study are expec-
ted to be valid for more realistic hamiltonians and are disappointing in that
use of the hedgehog ansatz will require extensive numerical projection tech-
niques to get observed quantum numbers; with the CPA, quantum numbers arise
from the use of familiar Racah Algebra.

8.10 Effect of the Dirac Sea in Chiral Soliton Models

M. Harvey (with K. Goeke, Institute fur Kernphysik, Julich,, and
J. Urbano, Universty of Coirabra)

A study has been made of the effects of the polarisation of the negative
energy states (the "Dirac Sea") of the Dirac equation which is used to des-
cribe quark orbits in chiral soliton models. The situation with spherical
quark states has been examined by Ripka and Kahana (Phys. Lett. 155B(1985)327)
using the hedgehog ansatz and the relationship between these models and
Skyrme's model (in which quarks are not explicitly mentioned) has been esta-
blished. A simple generalisation of this model was attempted in Julich, to
take into account deformed quark states based on a mean field technique used
in Schroedinger mechanics but found to be invalid here due to the existence of
the Dirac Sea. The problem of extracting good quantum numbers from a deformed
set of (infinite in number) negative energy states seems insurmountable. A
similar problem has been discovered in the earlier work of Ripka et al.
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8-11 Non Spherically-Symmetric Quantum Excitations in a Chiral Sollton Model

H.X. He and M. Harvey

A study is being made of the existence, within a chiral soliton model, of non
spherically-symmetric quantum fluctuations of the underlying Lorentz scalar
(sigma) field. This approach is seen as a means to describe deformations (c.f.
PR-PHS-P1:4.9 (AECL-9262)) without recourse to the full projection techniques
required by the deformed mean-field approach.

8.12 Shell Model Calculation of Argon and Potassium Isotopes

I.S. Towner

Exploratory shell model calculations for the spectra of the odd-mass potassium
and argon isotopes (see PR-P-141:4.iO (AECL-8849)) aimed at estimating the mass,
lifetime and p-branchings of the neutron-rich Ar isotope have been completed.
A few parameters in the effective interaction among the s, ,„, d,,2, £7/9

 an(1

P3/2 orbitals were adjusted to get the systematics of the spectra of the known
isotopes of potassium and argon about right. The calculated prediction for the
mass excess of 7Ar is -24.9 MeV with an end-point energy for beta decay of Q R
= 10.8 MeV. This estimate of QR ranges from 0.1 to 1 MeV larger than the
estimates given in the tables of the 1975 mass predictions. The ground state
spin for Ar is suggested to be 3/2", and the lifetime is estimated at around 5
sees. This is somewhat uncertain because a high-energy first-forbidden 3/2" •*
3/2+ transition was not calculated and this ground state-to-ground state branch
would significantly impact on the calculated lifetime. The main allowed Gamow-
Teller branches are predicted to go to 3/2" states at 4.3 and 6.7 MeV and to a
5/2" state at 5.6 MeV excitation in W K .

8.13 Axial Charge Transitions in Relativistic Nuclear Models and Nonrelativis-

tic Meson Exchange Currents

I.S. Towner

Relativistic nuclear models with large scalar and vector potentials of opposite
sign give a significant enhancement to the lower component of the Dirac spinor
for a single nucleon in a nuclear medium compared to that for a free nucleon.
Thus single-nucleon properties involving 'odd' operators (namely those operators
that couple the lower to the upper component) are subject to large relativistic
corrections in a nuclear medium. Examples are the Dirac contribution to the
single-nucleon magnetic moment (from the relativistic operator y) an<* t n e weak
axial charge (from the relativistic operator YoYb)' Large relativistic correc-
tions for these operators leave standard theory in considerable difficulty.

In the traditional nonrelativistic approach to nuclear spectroscopy, relativis-
tic effects are incorporated perturbatively through meson exchange currents and,
in particular, through a class of Feynman diagrams called the pair diagrams.
The operator in question couples to a nucleon-antinucleon pair and the anti-
nucleon is annihilated by a meson being exchanged between two nucleons. To make
contact with the relativistic a-w model it is necessary to calculate pair dia-
grams for a and ur-meson exchange. This we have done for the axial charge
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operator, yuYi> for the 0+-K)~ transition in mass A=16. We find that with point
meson-nucleon vertices and with simple oscillator wavefunctions the pair graphs
lead to 40% enhancement to the one-body matrix element. This is a large relati-
vistic correction somewhat akin to that predicted in the relativistic models.
However on using finite-range meson-nucleon vertices and incorporating short-
range correlations in the calculation, the contributions from pair diagrams are
much reduced. The enhancement is less than 10%. This suggests that the relati-
vistic model pays insufficient attention to the many-body effects responsible
for the short-range correlation function in nonrelativistic theories.

K.14 Spin Excitations in Nuclei

I.S. Towner

A review article with the above title commissioned by Physics Reports is about
two thirds completed. The review discusses corrections to the lowest-level
shell-model calculations of nuclear matrix elements involving spin operators and
concentrates principally on magnetic moments and Gamow-Teller p-decay. Correc-
tions arise from core polarisation, meson-exchange currents and isobar
excitations.

8.15 Compact Few-Body Equations

H.C. Lee and F. Liu

It was pointed out to us that the compact three-body equation we derived and
reported in PR-P-142.-4.18 (AECL-9103) was actually derived by Weinberg (Phys.
Rev. 133(1964)232), and moreover that it admits spurious solutions. We have
since derived another compact, uncoupled three-body equation which does not
admit spurious solutions. Solution of the new equation requires, however, leng-
thier computation. Our previous N-body equations do not admit spurious solu-
tions when N>4. This work is reported in detail in the preprint CRNL-TP-86-VI-5.

8.16 Background Field Quantization and Kallosh's Theorem

H.C. Lee with M.S. Milgram (Reactor Physics Branch), G. McKeon and
A.M. Chowdhury (U. Western Ontario) and T.N. Sherry (U. Galway, Ireland)

Kallosh's theorem (Nucl. Phys. B78(1974)293), states that in background field
quantization counterterras for the Lagrangian needed for renormalization should
be gauge independent. In a continuation of work reported in PR-P-142:4.15
(AECL-9103), we have shown that this theorem is violated in a special non-covar-
iant planar gauge. We attribute the violation to the fact that in this case
some of the counterterms are nonlocal. Details of this work are reported in the
preprint CRNL-TP-86-III-20.

8.17 Anomalies in Supersymmetric Yang-Mills Theory

H.C. Lee, F. Liu with Q. Ho-Kim (Laval U.)

This work, first reported in PR-P-142:4.13 (AECL-9103) has been brought to a
satisfactory conclusion. A significant and subtle extension of the analytic
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regularization method described previously was
identity

6( «Y) = 2ie Tr( ) +

used to verify the supersymmetry

(1)

where 6 denotes the supersymmetry transformation, e is a constant spinor field
associated with the transformation, is the supersymmetry current, is the
energy-momentum tensor and 5 is the axial-vector current. The identity is
notoriously difficult to verify because each of , and 5 has anomalous diver-
gences. It was previously believed that no regularization based on analytic
continuation exists that could be used to verify (1). As far as we know, our
analytic regularization is the first that has been demonstrated to be equal to
the task. This work is reported in detail in the preprint CRNL-TP-86-VI-ll.

8.18 Testing a New Analytic Regularization Method

M. Couture and H.C. Lee

The purpose of this work is to conduct a systematic test to show that the new
analytic regularization method used in the previous section is generally useful
for perturbative calculations in field theories. The first testing grounds will
be quantum electrodynamics (QED) and quantum chromodynamics (QCD).

8.19 Instability in Molecular Multiphoton Excitation

H.C. Lee and M. Newton with P. You (U. Pennsylvania and Wuhan U.)

In molecular systems described by an anharmonic vibrational Harailtonian

H = wafa - ea+a(a+a+l) (1)
o

and driven by an external field given by the interaction

H. = u(t)(a+e~1"t + hermitian conjugate)

the LiouviLle equation for the density matrix W is

(2)

|jie[(a+a)2,W] - i tft) [a++a,W] + (|jr)dlB (3)

where

(|jf)dis = n(|a
+a,Wa+aJ + h.c.) + (C[a+,Wa] + F,[a,Wa+] + h.c.) (4)

takes into account dissipative couplings to other molecular degrees of freedom;
ri, C and K are constants. Eq. (3) leads to a system of coupled nonlinear equa-
tions for the expectation values <a>, <a+>, <a+a>, etc. and their time deriva-
tives which, depending on the frequency P. and the modulation (i(t) of the exter-
nal field, can be expected to exhibit unstable or even chaotic behaviour.
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A study has been carried out focusing on the steady-state solutions for which
the time-derivatives of the dynamical variables <a>, etc. are set to zero and
ji(t) is replaced by the time average Mo- In tne case where there are seven
variables: <a'>, <a >, <a+aa>, their hermitian conjugates and <a+a>, it is found
that the surface of N E <a+a> plotted' against 6j = ur2e-Q and ^ exhibits
bifurcation (3 solutions) and trifurcation (5 solutions). Previous investiga-
tions for the case of only five variables (<a>, <a+>, <a+a>, <a+aa> and <a+a a>)
found only bifurcation. Our study thus shows that a better approximation
reveals a high degree of instability in the nonlinear system.

Our preliminary study also shows that for t > 0, some of the solutions grow
exponentially with time. This suggests that the system may also have chaotic
behaviour.

8.20 Physics Crunching with SCHOONSCHIP

M. Newton and H.C. Lee

Previously we have used the symbolic manipulation program SCHOONSCHIP mainly for
algebraic computations. We are now testing the feasibility of using it to
derive and verify formulas in field theoretic studies. Two test cases that have
been successfully carried out are:

(a) Derivation of the linear approximation of Einstein's action for gravity

S = / d \

where

8 8 • u.v

is computed to (h ), with

/g = fdet(g^)]1/2

UV / - 1 \

R = curvature tensor

g = 6 + h
UV \1V UV

(b) Verifying that the action

is invariant under the global supersymmetric transformation
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<5D =

We are hopeful that with time and increased expertise we will be able to use
SCHOONSCHIP to aid us in much more complicated formula manipulations.

8.21 Preparation for the NATO Advanced Research Workshop on Super Field
Theories

H.C. Lee

A considerable amount of time was spent on the preparation of this NATO ARW, to
be held July 25 - August 5 in Vancouver. Estimated number of participants now
stands about 90, coming from 18 countries. About 45 papers on supersymmetry and
supergravity, Kaluza-Klein theories, anomalies, strings, and superstring
theories will be presented and discussed.

8.22 Reports, Publications, and Lectures

Publications

THE LIGHT-CONE GAUGE
H.C. Lee
Can. J . P h y s . 64(1986)624

GAUGE DEPENDENCE AND THE ROLE OF WEYL FACTOR IN THE QUANTUM EFFECTIVE POTENTIAL
IN KALUZA-KLEIN THEORIES
G. K u n s t a t t e r , H.C. Lee , and P. Le ivo
P h y s . Rev. D33(1986)1018

TWO YANG-MILLS THEORIES IN THE LIGHT-CONE GAUGE - COMPLETE ONE-LOOP COUNTERTERMS
H.C. Lee and M.S. Milgram
N u c l . P h y s . B268(1986)543

YANG-MILLS THEORIES IN AXIAL AND LIGHT-CONE GAUGES, ANALYTIC REGULARIZATION AND
WARD IDENTITIES
H.C. Lee
Chinese J. Physics 23(1985)90

MULTIPLE SCATTERING PLUS SINGLE SCATTERING
K.B. Winterbon
Nucl . I n s t . & Methods in Physics Research B 16(1986)310

ENERGY LOSS SPECTRUM OF SWIFT CHARGED PARTICLES PENETRATING A THIN LAYER OF
MATERIAL
P. Sigmund and K.B. Winterbon
Nucl. Instr. & Meth. B12(1985)1
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NEUTRON SCATTERING BY 4He AND 3He
E.C. Svensson and V . F . S e a r s
P h y s i c a 137B(1986 )126

MESON-EXCHANGE CURRENTS IN AXIAL-VECTOR TRANSITIONS
I . S . Towner
Comments N u c l . & P a r t . P h y s . 1 5 ( 1 9 8 6 ) 1 4 5

WEAK INTERACTION PROBES OF LIGHT NUCLEI
I . S . Towner
Czech. J. Phys. B36(1986)360

Lectures

THE NUCLEAR INDUSTRY IN THE NEXT 25 YEARS
M. Harvey
Gananoque Rotary Club, March 24, 1986

THE FUNDAMENTAL STRUCTURE OF MATTER
M. Harvey
- Whiteshell Nuclear Research Establishment, April 2, 1986
- Science Teachers Seminar, April 12, 1986

A CHIRAL SOLITON MODEL WITH QUANTUM PIONS
M. Harvey
University of Alberta, April 3, 1986

A CHIRAL SOLITON MODEL WITH COHERENT-PAIR STATES
M. Harvey
Univ. of Lund, Sweden (June 3), Univ. of Helsinki, Finland (June 5), KFA,
Ju'lich, West Germany (June 11) and Univ. of Bonn, West Germany, (June 23)

MESON-EXCHANGE CURRENTS IN NUCLEAR BETA DECAY
I.S. Towner
Univ. of Alberta, Edmonton (Apr. 22), and TRIUMF, Vancouver (Apr. 26), 1986.

CALCULATION OF ELECTRON ENERGY DENSITY INCIDENT ON THE SURFACE OF A PRODUCT
BEING IRRADIATED
G.E. Lee-Whiting
Accelerator Business Unit Management Board, Ottawa, 1986 March 27
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9. FUSION

9.1 Background

AECL has been given the responsibility by 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 interna-
tional 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 experi-
mental, demonstration or commercial units).

9.1.2 Strategy

The strategy employed to meet these objectives recognizes the long-term
nature of fusion R&D and the high-level (> $2 billion annually) of interna-
tional effort. Thus, 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 National Fusion Program
(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 have resulted in the staged and orderly transfer of responsibility for
the program from NRC to AECL which will be completed by 1987 April 1. This
transition has been accomplished to date with minimum disruption to the
program. AECL has formed a Strategic Advisory Committee to assist in
guiding the long-term strategy of the NFP. Consultation and coordination



with other departments, the provinces and the fusion corn:nunity in general is
achieved through ad hoc groups assemoivl t- advise on specific issues. The
original plan for the NFP called I'jr ' ::; ii.an participation in each of the
three major thrusts of intern it tonal ;\!;u-n ri&D: magnetic confinement,
inertial confinement, and materia l.i/engineering. Significant projects in
the first (Tokainak de V.-irunn-::; ̂  >.\ i '•:.•;!". ('Canadian Fusion Fuels Technology
Project) of these are well estabi i 5,-n? 1. A national project in inertial
confinement fusion is not yet established. A small but vigorous Interna-
tional Program is an essential element of the NFP.

Highlights

Highlights for the reporting period are as follows.

• The AECL organization repaired to manage the NFP was established at
CRNL in the Fusion Office and commenced operation 1986 February 1.

• Negotiations with NRC and L'MR were completed to establish the
mechanisms for a smooth transition of the NFP from NRC to AECL.

• Responsibility for the Tokamak de Varennes and the International
Program were transferred to AECL as of 1986 April 1.

• A provisional long-range strategy for the NFP was presented in a
special briefing to AECL senior management on 1986 May 2.

• A system of peer review for the NFP was approved by the EMC in 1986
June. This consists of a Strategic Advisory Committee to assist
the program authorities in developing the long-term strategy of the
NFP and of intergovernmental and interdepartmental groups formed as
required to consult on specific issues as they arise.

• Discussions were initiated with NSERC on the involvement of the NFP
in the review of energy strategic grants in the fusion area. A
preliminary system has been agreed upon.

9.3 Tokamak de Varennes

The Tokamak de Varennes is a magnetic confinement fusion experiment jointly
funded by the NFP and Hydro Quebec with collaboration from industrial and
university partners. The project is directed by a steering committee with
technical review provided by an international advisory committee.

The device is a medium-sized tokamak near ing completion at IREQ's Varennes
site with first operation expected by early 1987. The construction phase
has required that industry acquire specialized technological capabilities
previously unavailable in Canada. In parallel with this expansion of the
technology base, a world-class team of fusion scientists and engineers has
been 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 the only one powered
directly from transmission lines, both of which stemmed from IREQ's histo-
rical expertise in high power electrotechnology. Since it is designed to
maintain its magnetic fields for much longer than most other tokamaks, long
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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 before its operation is already indi-
cative of significant world interest - the challenge in future years will be
to upgrade and improve the machine in order to sustain its relevance.

Highlights

Highlights for the reporting period are as follows.

• A letter arrangement between IHEQ and AECL was made for the
management of the Tokamak project between 1986 April 1 and the
conclusion of an operating phase agreement. This consists of
AECL's taking the place of NKC on the Tokamak steering committee
with NRC representatives as observers. This was approved at the
1986 April 24 meeting of the steering committee.

• An interim letter agreement was offered to IREQ by AECL in 1986
April to provide transitional funding for the project prior to the
operating phase agreement. This proposal is still being considered
by IREQ.

• The general form of the operating phase agreement was agreed in
principle by both AECL and IREQ management to be a non-profit
company/consortium rather than a purely contribution arrangement,
as was previously the case. Discussions on the details of this are
continuing.

• The project managers of the Tokamak presented a briefing to the EMC
at its June meeting. This was well received and served to further
inform AECL on the project.

• All key components of the Tokamak had arrived at the site by the
end of the reporting period and progress on assembly of the machine
was going well. First plasma is predicted near the end of 1986.

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. It is funded 50% by the federal
government (AECL), 25% by Ontario Hydro and 25% by the Ontario government
through the Ministry of Energy. Project management is provided by Ontario
Hydro. CFFTP is directed by a steering committee, consisting of represen-
tatives 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
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representation at conferences has been used effectively to gain access to
the major world programs anJ t.> br'.-oiden the indigenous fusion technology
base.

CFFTP has also had good suoot.-.;.5 in .'.lining foreign markets for Canadian
industry for fusion-related ti.)>i_; .nd :b'?r-vLofj.-3 in the U3 and particularly
Europe. This business is currently expanding, since several foreign fusion
fuels laboratories are planned or under construction. Canadian products
such as tritium pump.; and trir,i i:r, i-îni tors are ,iiso being vigorously
promoted by CFFTP, witn promising f.;̂ ult..-5.

Highlights

Highlights for t.ne r..;pu-'.J::.; period are as follows.

• Dr. G.J. Phillips was appointed Manager, Fusion Fuels, in the
Fusion Office, with responsibility for managing the NFP role in
CFFTP.

• Considerable efforts were made during this period to obtain
detailed financial information on CFFTP. A full picture was even-
tually obtained and financial procedures are being designed to
avoid such difficulties in the future.

• AECL positions were prepared for the negotiation of a new five-year
agreement with Ontario Hydro and the Ontario Ministry of Energy for
continuation of CFFTP in the period 1987 to 1992. Formal letters
stating this intent were exchanged between the parties, as required
in the current agreement.

• The first negotiating session for the new agreement was held 1986
June 18 with substantial progress made. The Ontario Ministry of
Energy has not yet had the full Ontario contribution to CFFTP
approved. This is the major problem in the negotiations to date.

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.

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 and Canada and the EEC have been
concluded; a Canada-US agreement is under study.

Since the achievement of fusion power will be a large and expensive process,
perhaps too large for any one country, large-scale international projects
are under discussion. A new initiative of this type resulted from the
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recent Reagan-Gorbachev summit. The NFP has an important role in the
assessment of these projects, with respect to the opportunities for Canada,
and coordinatLori of Canadian participation in them.

Highlights

Highlights for the reporting period are as follows.

• The :n Lateral agreement for fusion cooperation between Canada and
the -luropean Economic Community, initiated by NRC, was signed in
: Jtir, Maren.

• i"'-ii i:ninary discussions have been started with China on the possi-
bility of joint cooperation in fusion. Planning was started for a
visit by Canadian fusion program representatives in 1986 November.

• Canadian participation in the Senior Advisory Committee on Fusion
Materials Research occurred at meetings 1986 January and April.
The report of this committee, slated to be released by the end of
1986, will recommend a joint world program in fusion technology.
This would be a beneficial development for the NFP, since access to
the technology of the larger world programs would be enhanced.

• At the meetings of 1EA Implementing Agreement on Radiation Damage
in Fusion Materials held in Washington in 1986 April, it was
decided to establish a joint (US, J-jpan, EEC and Canada) program on
breeder blanket materials in fast ruaotors. These experiments wilL
be called BEATRIX-II and will complement the on-going BEATRIX
collaboration in which Canada is active through the CRNL Fusion
Breeder Blanket Program.

• ArXL has set up an intergovernmental working group, consisting of
representatives of AECL, NRC, EMR, External Affairs, AECB, Ontario
Hydro, and Hydro Quebec to coordinate trie Canadian position on the
Reagan-Gorbachev Initiative (HOI ) t'or a possible East-West fusion
cooperation. Two meetings were heLd in this period, which were
successful in achieving a national ^onsensus on the issues.

• The Western Summit process was largely dominated by the Reagan-
Gorbachev Inititative during this period. AECL was represented at
two meetings of the Fusion Working Group and one of the fusion
Technical Working Party. The Canadian position as i partner in a
joint Western approach to the RGI was consolidated.

9.6 Inertial Confinement

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

Highlight

A highlight for this period is as follows.
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Assistance was given tj .-••. li;.. varsity of Aioerta scientist
concerning the transfer J:1 ,• surplus laser system from Livermore to
his lab. Representation.-.; t. j t'•:<_• ;JJ Jepartrnent of Energy were made
rt-iich will facilitate trie ".r:msfer of trie equipment.
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10.2 PHYSICS

The Neutron and Solid State Physics (lead branch) and Advanced Materials
Research Branch are co-operating in the application of neutron diffraction to
industrial problems. Measurements of strain and texture provided revenues of
87 k$ in the 1985/86 fiscal year. The increased marketing and technical efforts
during the first six months of 1986 are expected to yield revenues of 300 k$ for
1986/87.

Contracts accepted *(86.01.01 - 86.06.30)

NSSP 309 k$

Nuclear Physics 14 k$ (approx.)

*Excludes work for Business Units and other PRCs.



1 1 . M \ S ! \ ! S - ; ''i:\rKI DI'MIINT OFFICE

. ' . . !' i r^rcn vf

! I . 1 f.'LM'l"

Manager

Secret .1 rv

R.N. Hart;reaves

Bev Drouin

Professional Staff

P.A. Broime
R.B. Boulton
Vacant

Summer __J£f£|_

Suzanne Smitli (1)

(1) National Summer Student, commenced 1986 May



11-2

11.2 PHYSICS

1i • 2.L Transmutation Doping of Gallium- Arsenide

- P. Martel (Neutron and Solid State Physics Branch)

We are accustomed to doping silicon through transmutation. There are
indications that the process may be important for gallium arsenide as well.
NSSP branch is supervising trial irradiations of material from a major wafer
supplier.

11.2.2 Cable Tester

- J. Sharp, L. Bucholtz (Nuclear Physics Branch)

This device rapidly checks for faults in multiconductor signal cables,
even if their ends are remote from each other. Developed to aid in the
installation of TASC, it will likely find an industrial market as well.
Discussions are underway with a potential licensee and a likely distributor.

11.2.3 Inspection of Semiconductor Wafers

- P. Martel (Neutron and Solid State Physics Branch)

This project involves the use of neutron diffraction to measure the
concentration of dislocations in and the orientation of semiconductor wafers.
Preliminary experiments on silicon and gallium arsenide wafers have shown that
the dislocation intensity can be quickly infered by measuring the intensity of a
reflected beam of neutrons. There is some possibility that a service based on
this inspection technique might be viable, either on economic grounds, or
perhaps for applications which demand very high reliability. Gallium arsenide
is the most promising material in this respect.

We have retained a consultant to help us assess this opportunity.

11.2.4 Neutron Diffraction

- S. MacEwen, T. Holden (Neutron and Solid State Physics Branch)

The application of neutron diffraction to the measurement of internal
strains and temperatures in engineering components is being pioneered at CRNL.
A BODT has been formed to advise on the construction of dedicated diffraction
equipment. Concurrently, research contract work is being pursued and executed.
Orders totalling 221 k$ are presently on the books. Sales for this fiscal year
are estimated at 309 k$.
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