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PREFACE

This is the second in the new series of reports for the Physics Division since the
creation of the Physical Sciences Unit m 1990. This report has been subdivided into
three self-contained sections covering the activities in the branches for Accelerator
Physics, Neutron and Solid State Physics and Theoretical Physics.

It is noteworthy that the RFQ1 program with the original vanes has come to a
successful conclusion having accelerated 79 mA of protons to 600 keV. The new vanes
to achieve a high energy of 1.2 MeV have now been installed and will form the basis
for the low energy end of high current proton accelerator development.

The progress in the neutron scattering program has been hampered by the NRU
reactor being down for repairs since January 1991. Nevertheless a very successful
opening ceremony was held to mark the completion of the new DUALSPEC
spectrometers and several workshops have been held to promote the understanding of
neutron scattering.

Bill Buyers stepped down as Branch Manager in Neutron and Solid State Physics,
after serving for 5 very successful years, to resume full tune his research activities.
Brian Powell accepted the position of Branch Manager on April 1.

Following Graham Lee-Whiting's retirement, and appointment as AECL's second
Researcher Emeritus, Varley Sears has been appointed to the position of Acting
Branch Manager for Theoretical Physics. While continuing to engage in areas of
research associated with nuclear, condensed matter physics and field theory, the
branch will take on the additional responsibility of promoting and stimulating
research into applied mathematics that has relevance to AECL.

M. Harvey
Director, Physics
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1.2 OVERVIEW/ACCOMPLISHMENTS

J.H. Ormrod

The RFQ1 experimental program using the original vanes that accelerated 79 mA of protons to
600 keV has been completed. This is the highest current cw beam ever accelerated in a radio-
frequency quadrupole accelerator. The experiment has provided data on current limits,
emittance deterioration, transmission, vane positional tolerances, rf conditioning and accelerator
operation. The original vanes have been removed and the new vanes, using a new recipe to
achieve 1.2 MeV acceleration in the same length, have been installed.

The first phase of the BEDROCS (Beam Ellipticity Dependence on Rotation Of Coupling Slots)
experiment is complete, confirming that the quality of the output beam from an on-axis coupled
structure can be dramatically improved by aligning the coupling slots across the accelerating
cells. A chopper has been added to study beam quality as a function of phase.

The Accelerator Physics Branch will host the next LINAC Conference; it will be held at Ottawa
on 1992 August 24-28. The last conference, held in Albuquerque, New Mexico, in
1990 September had 325 participants from 15 countries. The five-day conference format
includes invited papers and posters on the latest advances in accelerator technology as well as
applications in science, engineering and industry.

1.3 TOPICAL REVIEW

M.S. de Jong

B-Factories

B-factories are e+- e" colliders specifically designed to study Charge-Parity (CP) violation in B°
meson decays. The basic structure of B°-mesons is a combination of a b (beauty) quark with
a b anti-quark. The production of B° mesons can be optimized by operating the collider at the
T(4S) resonance that occurs at a centre-of-mass energy of 10.6 GeV. Even then, the low cross-
section necessitates a very high average luminosity -3X10 3 7 m"2s"', approximately 2 orders of
magnitude higher than existing colliders at this energy. In addition, the sensitivity of the CP
violation measurements can be enhanced if the e+ and e" beams have significantly different
energies, giving the centre-of-mass a Lorentz boost, 0y, of ~ 0 . 5 . These considerations lead
to the general characteristics of separate storage rings for each beam, each with a large number
of bunches and high circulating current. There are 2 proposed B-factories in the USA: CESR-B
located at Cornell University, and the Asymmetric B-factory at the Stanford Linear Accelerator
Center (SLAC).
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CESR-B will be located in the existing CESR tunnel and operate with beams of 3.5 and
8.0 GeV. The total current in each of the beams is 2.0 A and 0.9 A respectively, achieved by
increasing the number of bunches in the rings with no increase in the bunch charge. There is
a single collision point at the exiting CLEO detector where the beams cross at a small angle of
+ 10 milliiadians. The present injector complex, consisting of a 450 MeV linac and 8 GeV
synchrotron, and many components from the present CESR storage ring will be used to construct
the low energy ring, minimizing the facility construction cost. Nevertheless, new magnets and
power supplies for the high energy ring, new vacuum chambers for both rings, and a much
expanded rf system including superconducting cavities and klystron amplifiers will be needed.

The Asymmetric B-factory proposal, developed jointly by SLAC and the Lawrence Berkeley
Laboratory (LBL), is an e+- e" collider with 9.0 GeV e+ on 3.1 GeV e\ It will be located in
the existing PEP tunnel, using the present PEP ring for the 9.0 GeV ring and installing a new
3.1 GeV ring above it. The collisions will be head-on, magnetically merging and separating the
two beams before and after a single interaction point. The major new equipment requirements
for the SLAC proposal are the low energy ring, new vacuum chambers for both rings, transfer
lines and kickers for the injection system, transverse rf feedback systems, and room temperature
rf cavities and klystron amplifiers.

Perhaps the most significant difference between these two proposals is in the rf systems: Cornell
selecting superconducting cavities and SLAC preferring normal-conducting copper cavities.
Chalk River Laboratories has been contacted by both groups for collaborative work on their
respective rf systems. Cornell has been interested in Chalk River's skill in the rf design and
manufacture of suitable higher-order mode dampers for their superconducting cavities. The
design of these dampers takes advantage of both the electric and magnetic rf susceptibitlity
measurement system and the SEAFISH code developed here. SLAC and LBL are interested in
Chalk River's experience in design and manufacture of high-power cw rf systems, and in
advanced techniques for rf control systems. Discussions are continuing on possible Chalk River
Laboratories involvement with both projects.

1.4 SUMMARIES

Ion Source Development

The demonstration electron cyclotron resonance ion source (ECRIS) was operated with the three
stub tuner and the solenoids at ground potential. Besides the plasma chamber, only the mass
flow controller remains at high-voltage. The isolation transformers and the high-voltage dome
are now virtually unnecessary. The fabrication of the solenoids, the carriages and the stand for
the demonstration ECRIS was completed. The manufacture of the plasma chamber and the
extraction column that make up the rest of the ion source should be finished within three months.
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Ion Linear Accelerator Development

The addition of a circulator between the magnetron and the ECR source made a significant
improvement in source stability and ease of operation. The injector output beam emittance was
measured for a range of currents and source operating conditions. The PARMILA code was
modified to calculate multi-beamlet beam transport in the injector. Good agreement with
experimentally measured beam spills is achieved if one assumes that the beam is approximately
90% space-charge neutralized. After shutdowns of 2-5 days, it takes on average only 35 seconds
to recondition the RFQ to full cw rf power, indicating that little deconditioning of the wne tips
has occurred. Beam transmission in the RFQ was slightly lower with the ECR source than with
the duoPIGatron, but at 75% is still quite acceptable. Little change in transmission or emittance
was observed when the RFQ tuners or a vane was moved to set up dipole fields of up to 10%
of the quadrupole field The experimental program with RFQ1-600 was completed; the RFQ
was removed from the beamline, new vanes were installed to double the output energy, and
high-power cw conditioning of this revaned RFQ (RFQ1-1250) was started. An improved
technique was developed for welding the cooling-channel plugs in the new copper-alloy vanes,
and all 80 original welds were redone and were helium leak-tight. The resonant frequency of
RFQ1-1250 is within 150 kHz of the 267 MHz calculated, over an order of magnitude
improvement from the RFQ1-600 calculations. The 200 kW resistive rf load failed while
undergoing baseline tests; the 300 kW load passed high-power acceptance test?. The first 250
kW cw kly strode tube for our new rf amplifier system passed pulse tests at Varian-Eimac and
is being readied for cw acceptance tests. New position sensors were installed on the emittance
measuring unit, greatly improving the signal-to-noise ratio.

Electron Linear Accelerator Development

Further experiments with the BEDROCS (Beam Ellipticity Dependence on Rotation Of Coupling
Slots) structure in the PHELA accelerator facility have confirmed that the improved divergence
and overall beam quality obtained with this structure are the result of the structure coupling-slot
configuration, and not the electron gun design. A chopper cavity has been added to the structure
so that we can determine the dependence of beam quality on the bunch length and rf phase. It
is believed that the well-bunched beam produced by the rf chopper will result in an accelerated
beam with a greatly reduced divergence.

leaser Acceleration of Particles

Initial hydrodynamic studies of laser generated plasmas and laser beam propagation in such
plasmas have been completed. One- and two-dimensional studies of particle acceleration in large
amplitude relativistic plasma waves have been completed. Modifications to the quasi-cw low-
pressure laser system and the main laser-triggered spark-gap have been completed. Fabrication
and ins'dlat'on of the injection beamline have been completed and testing is in progress.
Fabrication and installation of the electron spectrometer and detection system have been
completed and testing is in progress.
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Superconducting Cyclotron

The main magnet power supply control interfaces have been modified ready for the final version
of the magnet controller which will allow current adjustment from the control room. Tests on
the final version of the software continue. A new set of magnet discharge load diodes has been
installed. The new set has more diodes in parallel to reduce the risk of magnet open circuit on
discharge and improved heat sinking to maintain cooling during a mains outage. An improved
injection foil identification system is ready for installation. A system for increased reliability
of the electrostatic deflector using an intermediate electrode is under development. Alumina
insulators and components for the test stand have been prepared. Calculations are in progress
on a scheme to add iron dipole components to the hill lenses. Computed trajectoiies show that
such dipoles would provide a 20% reduction in the requirements for the electrostatic deflector.
The effect on beam quality has yet to be estimated. An enhancement to SUPERGOBLIN enables
the plotting of emittance diagrams. The TRIUMF2 code may now be used to select cyclotron
currents outside the mapped region. TRIUMF3 now gives field index information when the
equilibrium orbits are calculated.

Synchrotron Radiation Source for Canada

The Canadian Institute for Synchrotron Radiation sponsored a symposium on Chemical
Applications of Synchrotron Radiation at the Chemical Conference at Hamilton in June. The
symposium was well attended. A request for NSERC funding for a synchrotron feasibility study
will be ready soon. A study on the use of superconducting magnets in a synchrotron radiation
source is in progress.

Application of Radiofrequency Waves to Materials

Two new rf cavity systems, capable of measurement to 1400°C, are complete. Measurements
are in progress on low loss alumina for rf windows, on ion mobility in glass ceramics during
recrystallization, on sintering processes in alumina and on nuclear waste disposal glasses.
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1.5 INDIVIDUAL REPORTS

1.5.1 Ion Source Development

1.5.1.1 Demonstration Electron Cyclotron Resonance Ion Source

T. Taylor and J.S.C. Wills

The demonstration electron cyclotron resonance ion source (ECRIS) was installed on the RFQl
injector at the end of last year. A duplicate of the demonstration ECRIS was assembled on the
ion source test stand (ISTS) to continue development and look for improvements. The required
2.45 GHz microwaves are generated by a recently installed 2.0 kW power supply. A circulator
is required with this supply to prevent the magnetron output power from oscillating. The
solenoids are driven by two newly acquired dc power supplies capable of generating 200 A at
30 V with 0.02% rnis ripple. The Microwave Techniques waveguide break was abandoned
because the microwave leakage 1 m away was 2 mW/cm2 at a transmitted power of only 500 W.
A microwave break of the CRL design was substituted. The microwave leakage was then
undetectable.

An aluminum nitride rf window, introduced in hopes of reducing outgassing and sputtering,
cracked after a few days and was replaced with a standard two-layer quartz/boron nitride
window. Although the difficulty is primarily thermal, the way the vacuum seal is made subjects
the window to mechanical stresses. These should be much reduced in the prototype ECRIS that
is presently being fabricated.

The plasma generator was plasma sprayed with alumina to enhance the proton fraction, but the
coating peeled off a small but critical area around the plasma apertures. The supplier has yet
to provide a cure, and in the meantime, a boron nitride plate has been fastened to the electrode
and gives satisfactory enhancement.

The three-stub tuner in the if line, which was originally at high voltage in close proximity to the
source, was moved to the ground side of the waveguide break. There was no adverse effect on
the behaviour of the ion source. The tuner was subsequently motorized.

The prototype ECRIS solenoids, carriages and stand were installed on the demonstration ECRIS.
The B-I curves and the field profiles were as expected. A temporary insulator was installed to
isolate the solenoids from the plasma chamber and the ion source was operated successfully with
the solenoids at ground. Its performance was virtually unchanged. Besides the plasma chamber,
only the mass flow controller remains at high-voltage. This vastly simplifies the control system
and makes the isolation transformers and the high-voltage dome virtually unnecessary.
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The demonstration ECRIS was operated briefly with a deuterium feed, and the ion source
operated as well as with hydrogen. Even at an RF power of only 500 W, a transported current
density of 1 72 mA/cm2 was achieved with a deuteron fraction of 77%.

1.5.1.2 Prototype Electron Cyclotron Resonance Ion Source

T. Taylor, J.S.C. Wills and E.C. Douglas (Mechanical Design Branch)

The extraction column for the prototype (second generation) ECRIS was originally designed to
be rough machined, glued with polyvinylacetate and then finish machined. A test piece held
vacuum and survived twice the required torque, however machining and extensive solvent
cleaning led to vacuum failure. The glue was remelted. The test piece was again vacuum tight
and once more passed the torque test. The design has now been changed to eliminate the need
for machining after gluing.

The detailed drawings of the prototype ECRIS were finished. The fabrication of the solenoids,
the carriages and the stand was completed. The manufacture of the plasma chamber and the
extraction column is in progress.

1.5.1.3 Ion Source Test Stand

T. Taylor, J.S.C. Wills, A.B. Hood and W.L. Michel

An analog optical link with a controller was designed, built and installed to drive the solenoid
power supplies and the mass flow controllers.

The time required for an emittance measurement was reduced by about a factor of four by
reducing the scanned phase space area and increasing the speed of the stepping motors.

1.5.2 Ion Linear Accelerator Development

G.E. McMichael

This is a program to expand a technology base for designing and fabricating high duty factor
linear accelerators for protons and other light ions. Experiments with the RFQ1-600 structure
have been completed and program emphasis is currently focused on the completion of new vanes
to double the output energy (RFQ1-1250). Development work on components and subsystems
for cw accelerators continued.
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1.5.2.1 RFO1 Injector

1.5.2.1.1 Operation with ECR Ion Source (ECRIS)

G.M Arbique and M.H. Thrasher

The extraction gap has been increased to 12 mm to reduce the proton current at match to about
100 mA. Proton fractions in the 80 to 85 percent range are regularly achieved, but the fraction
is sensitive to the condition of the microwave window and plasma chamber liner dielectrics. The
microwave window is slowly degraded by electrons backstreaming from the extraction column,
and the plasma chamber liners, introduced to enhance the proton fraction, are subject to
contamination as well as catastrophic failure. These two factors may have contributed to drift
and instabilities seen in the extracted beam from the ECR. Stability has improved dramatically
with the installation of a circulator. The ECR source has operated for periods of over one
hundred hours before being disassembled for repair or cleaning of the dielectrics in the plasma
generator.

The source has been operated with a mixed argon and hydrogen feed gas to reduce the total
source current at matched perveance (i.e., a minimized source emittance). Source operation
with argon was stable, however, after argon operation the proton fraction was only 45%. The
proton fraction recovered to 80%, after about 8 h operation with hydrogen. Operation with
argon causes excessive sputtering onto the dielectric surfaces in the plasma generator resulting
in reduction of the proton fraction.

1.5.2.1.2 Injector Emittance Measurements

G.M. Arbique and W.L. Michel

The emittance of the injector proton output has been measured with the RFQ1 emittance
measuring unit located at the PBS (plunging beam stop). Measurement results are currently
being analyzed but the following general trends are evident. Low-current matched-perveance
source beams ( < 20 mA) show beam sizes and phase space orientations which are consistent
with space-charge compensated beam transport. At higher proton currents the beam size
increases and above 50 mA losses occur on the PBS beam size limiting aperture. At these
current levels the phase space orientations are consistent with partially uncompensated beam
transport calculations. The emittances measured at low current levels are in agreement with the
0.05 T-cm-mrad (rms normalized) value measured on the ion source test stand.
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1.5.2.1.3 Beam Transport Calculations

G.M. Arbique and J.M.L. Arvisais

The accelerator transport code PARMILA has been modified for multi-beamlet inputs. The code
results have been bench-marked against TRANSOPTR output and the results are in agreement.
Calculations are underway in an attempt to model the results from the injector output beam
emittance measurements. Preliminary results with the code show that an uncompensated beam
current of about 7.5 mA is required for 15% beam loss on the PBS aperture (roughly the current
lost for a 100 mA proton current).

Two optimized transport envtiopes are possible through the LEBT (low energy beam transport),
and TRANSOPTR predicts both. One has a near parallel beam between the solenoids and the
envelope exceeds the LEBT aperture sizes. The other has a waist between the two solenoids.
TRANSOPTR calculations as reported in PR-PHY-1 (AECL-10332) incorrectly used the first
envelope and showed poor agreement with observations in the injector LEBT. TRANSOPTR
calculations using the second envelope predict the correct solenoid fields and the beam size is
consistent with measurements on the injector for low current proton beams. With space charge
included in the model, the "design" beam envelope grows although the solenoid settings remain
relatively constant, once again in agreement with measurements. The code also predicts that the
parallel beam envelope will shrink with the addition of space charge and increased solenoidal
focusing and will merge with the "design" envelope as space charge levels are further increased;
at this point the emittance match to the RFQ acceptance deteriorates.

1.5.2.2 RFO1-600 Accelerating Structure

1.5.2.2.1 Operations

G.M. Arbique, T. Tran-Ngoc, J.Y. Sheikh, L.F. Birney and A.D. Davidson

Operations of the RFQ1-600 were completed during this period and the accelerator was
disassembled for the installation of the new vanes to increase the beam energy to 1.2 MeV
(RFQ1-1250). Experiments on RFQ1-600 focused on characterising the transmission and
emittance of the RFQ operating with the ECR source. The effect of a dipole field imbalance
induced by the radial movement of a RFQ vane on beam transmission was also measured.

After the tank had been conditioned to full power, full power could be reached following a 2
week shutdown in less than 2 minutes. For a two month period operating 2 days a week, the
average time to reach full power was 35 seconds. On one occasion full power was reached after
an overnight shutdown within 2 seconds (although this rate is normally avoided to prevent
unnecessary stresses on the system).
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After the system shutdown to revane the tank, the drive loop and tuners were taken apart for
inspection. The tuner surfaces and rf finger stock were as new. The drive loop ceramic had
a light coating of copper, and the inner electrode had a bit of black near the brazing joint, but
there was no pitting or other damage. The loop was cleaned and assembled without any
modifications, and work on fabrication of a second loop has started.

1.5.2.2.2 Transmission Measurements

G.M. Arbique, J.Y. Sheikh, L.F. Birney and M.H. Thrasher

Figure 1.5.2.1 shows a comparison of the proton currents achieved for the four aperture
duoPIGatron and ECR sources on RFQ1, as a function of the respective total ion source
currents. The duoPIGatron results represent the best performance achieved for the source on
RFQ1 at a matched perveance of 250 mA. The ECR results are for a 12 mm extraction gap
spacing to give the design 100 mA of injector exit proton current at matched perveance (120 mA
source current). Solenoid fields were optimized for maximum accelerated current at each point.
At matched perveance, the RFQ transmission was about 75% with the ECR ion source, slightly
lower than the 80% achieved with the duoPIGatron.

The higher beam losses on the PBS aperture when using the ECR source is consistent with the
beam blow-up, which has been observed at increased proton currents. Other differences in the
beam transport to the RFQ, and some of the PBS aperture loss, may be related to the variation
in the beamlet-to-beamlet divergence of the two ion sources. The ECR beamlets are parallel
while the duoPIGatron beamlets had about 10 mrads of inter-beamlet divergence. Apertures in
the injector exit line have yet to be optimized for ECR source operation and the high losses and
resulting electron backstreaming effects make accurate determination of the RFQ injection
current difficult. These effects, and possible un-monitored beam losses in the exit line, may
account for the lower RFQ transmission with the ECR source. A poor match at the higher
proton current may also contribute.

1.5.2.2.3 Emittance Measurements

G.M. Arbique, B.G. Chidley and W.L. Michel

The output emittance of the RFQ, measured in the horizontal plane, was 0.04 x-cm-mrad for
a matched ECR beam. This is the same as was measured for matched duoPIGatron injection,
and emittance trends were similar for the two ion sources.
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Fig. 1.5.2.1. Injection and RFQ output currents for ECR and duoPIGatron ion sources.

1.5.2.2.4 Dipole Field Experi ments

G.M. Arbique, L.F. Birney and A.D. Davidson

Poke tests on the RFQl tank showed that the RFQ had been operating with a field spread of
about 7%. In addition to the tuner measurements, dipole perturbations have also been induced
by radial movements of one vane and the effect on transmission and emittance measured.
Moving a vane radially inwards increases the fields in the adjacent quadrants relative to those
opposite.
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For matched four-beamlet injection, beam transmission was unaffected when quadrant fields
differed by less than 8%. A measurement with a field difference of 14% showed a transmission
decrease of 10%. Over the range of field imbalances investigated, no change in output
emittance was found.

1.5.2.3 RFO1-1250 Accelerating Structure

1.5.2.3.1 Operation

J.Y. Sheikh

High power conditioning is underway. Starting with a pulse of 30 /xs, 100 Hz, the tank was
pulsed for about 22 minutes. The tank accepted very little pulsed power. Switching to cw and
letting the tank outgas, the if broke through after about 15 minutes and accepted about 40 watts.
It steadily got better and the conditioning continued in the cw mode. Within two hours, the tank
accepted about 5.0 kW.

1.5.2.3.2 Manufacture of Vanes

T. Tran-Ngoc, B.G. Chidley, D J . Hewitt and R.J. Kelly

The new RFQ1-1250 vanes have been completed and are now installed in the accelerator. The
GlidCop AL-15 is a very satisfactory material and has a much better machfnability than OFHC
copper, characterized by easier forming of the chip and better surface finishes. No distortion
was noticeable in machining or heating of the material, showing that the material is almost
stress-free.

The gun drilled channels were inspected for straightness with an ultrasound technique and
showed a runout of 0.4 mm on the 13 mm (1/2") diameter cooling channels, and 1.0 mm on the
9.5 mm (3/8") diameter channels; this is quite acceptable.

The vanes were mounted to a rigid fixture during vane tip and reference flat machining in order
to increase their stiffness and ease the set up on the milling machine. The finish cut on the tip
was a continuous operation to avoid discontinuity in the vane profile. The first vane was
damaged during the final step of machining and a gouge was cut into the side of the vane. This
vane could probably be salvaged, but as 5 were in the manufacturing line, the other 4 were
completed for the tank and the damaged one kept for display. The RMS error of the tip profile
as measured on a profilometer was 0.02 mm.

The technique used for welding the plugs and spigots on the 300 mm test section did not work
as well on the vanes and a different technique was developed. The procedure involved the use
of a deoxidized copper welding rod, brazing flux, a mixture of argon and helium gas (75 to 85%
helium) and a controlled preheat to 700°F. All welds were redone, the weld beads were



1-14

polished flush with the vane body, and all were leak tight and survived a heating test with a
torch up to 500°F. The distortion due to welding is in the order of 0.05 mm where the end of
the vane is shrinking and bending upward.

All racetrack seals were leak tight at the 100 N« m bolt torque used with the previous copper-
plated steel vanes.

1.5.2.3.3 Installation and Alignment of Vanes

R.J. Burton, T. Tran-Ngoc, D.J. Hewitt, R.J. Kelly and G.F. Morin

The predicted (SUPERFISH) resonant frequency of the cavity with the new vanes installed was
267.0 MHz. Frequency measurements taken after all mechanical adjustments were made and
with the tank fully assembled and under vacuum produced the following results:

Frequency Q(loaded) Mode Type

266.820
275.108
275.632
285.734
324.608*

3106
1678
3982
6235
6387

quadrupole (accelerating mode)
dipole
dipole
quadrupole
dipole

'There are two dipole modes around this frequency but their close proximity
to each other makes measurement difficult.

It is significant to note the SUPERFISH predictions are within 150 KHz of the measured
frequency.

After the mechanical alignment of the vanes, the relative field distribution within the accelerating
structure was checked using the frequency perturbation method. The relative field amplitudes
were checked by two methods: 1) by introducing a piece of metal into the magnetic fields
around the outer walls of the cavity at various fixed locations (poke test) and 2) by pulling a
dielectric bead through the strong electric fields in the vane tip> regions (bead pull).

Initial poke tests were done without the vane coupling rin^s in place and copper plates installed
at the ends of the structure to complete the cavity. The fields differed at each end of the cavity
by 15% and were as much as 25% higher at the longitudinal centre of the cavity. The field peak
at the centre can be expected without the vane coupling rings installed. Appropriate adjustments
were made to the position of the vanes to reduce the end-to-end variations and the vane coupling
rings were installed. Longitudinal variations were reduced to 10% with the highest fields still
occurring at the centre and vane-to-vane variations were reduced to 4%. This pattern is not
consistent with the old vanes but is not surprising in light of changes made to the new vanes.
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This magnitude of field variation is tolerable and further refinement can be made at a later date.
It was decided to assemble the structure for high power tests with beam to ensure there were no
fundamental problems preventing this.

The rf probes in the cavity were calibrated to -60 db using a Hewlett Packard 8753C network
analyzer. The initial calibration had to be re-done to include all cables used with the probes to
compensate for varying impedances in the lines. Probe calibration and the bead pull
measurement are greatly simplified using this equipment which can be directly interfaced to a
computer for automatic control and data logging.

1.5.2.4

1.5.2.4.1 400 kW CW Triode System

J.Y. Sheikh, B.G. Chidley, A.D. Davidson and E.R. Gaudette

During beam operation, the automatic frequency control (AFC) modulation affected the beam.
The modulation on the AFC was almost 8% peak-to-peak, causing noticeable beam modulation.
When the modulation was reduced to less than 1.0% the beam was not affected, but this reduced
the range of the AFC such that frequency locking was difficult to initiate because of the constant
shift in frequency. It was decided to accept some beam modulation with the present system,
postponing further improvements until the new rf system is available.

An intermittent fault in the triode filament regulator limits the filament current. The problem
is caused by a silicon controlled-rectifier (SCR) in the current control circuit. If the SCR is
warmed up with a hot air gun it will provide the necessary current for the remainder of the day.
No specification is available for the SCR and the manufacturer is no longer in business. No
further action will be taken unless necessary.

The new 300 kW resistive load was received and the 200 kW load was installed for baseline
measurements in preparation for acceptance tests. The power was raised in steps of about
20 kW, and left at each step for several minutes to reach thermal equilibrium. The load failed
shortly after the power reached 180 kW. Subsequent investigation revealed an error of the
cooling water flow rate in that the actual flow was only 11 gpm, not 16 to 17 gpm as indicated
and required. It is believed that low flow was the reason for the load failure. The load has been
sent to the manufacturer for repair.

Some black liquid from the failed load (thought to be carbon - although the manufacturer will
not admit what is used) ended up on the return line of the de-ionized water system. To avoid
possible problems of it settling out on insulators in the triode or tetrode, these were isolated and
the rest of the system was drained, flushed with river water, and re-filled with de-ionized water.
The water system was then run and the purification columns were changed twice to bring the
water quality back to normal (i.e., over 5 MQ-cm).
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It was decided to use service water for the resistive loads to prevent contamination of the cooling
system by a future load failure. The service water was installed to supply a minimum of
130 L/m of water to the 300 kW load. The 300 kW dummy load was connected and tested
successfully up to 200 kW.

The freon system control has been moved from the control room to a cabinet near the freon
cooling system. Environment Canada inspected the high voltage modular power supplies and
requested that drip trays be put under all of the capacitors containing PCB's in the modular
power supplies. We are awaiting further instructions from R&IS branch.

1.5.2.4.2 High-Power-Klystrode RF System (HPKRFS)

J.Y. Sheikh, A.D. Davidson and A.B. Hood

This dual 250 kW cw amplifier system was purchased from Varian Canada and is being
manufactured for us by Continental Electronics Corporation (CEC) using klystrode amplifier
tubes being developed by the Eimac division of Varian.

The second klystrode driver passed its acceptance tests but the tube was not shipped to CEC,
as it was needed at Eimac for the cw tests of the final tube.

The assembly of the first final-klystrode tube #2KDW250PA went more slowly than expected.
In January a meeting was held at Eimac (San Carlos) to discuss delays resulting from beam
interception problems in the tube. Eimac staff had expected almost zero interception, and had
provided only minimal cooling. However, after beam tests and further analysis, they decided
to accept up to 2% beam interception on the anode and made mechanical changes to provide
extra cooling to cope with it.

After the klystrode cavity was brazed and leak tight, Eimac had to remachine a teflon sleeve
to adjust the frequency of the input cavity. During the pulse testing, which went on for a couple
of months, they discovered several problems such as wrong input cavity frequency, amplitude
modulation on the output power, and high body current. These problems were solved. The tube
has now passed the pulse tests and produced up to 300 kW of peak power, and is being made
ready for cw tests.

The date for the first system test at CEC originally scheduled for 1991 July is now scheduled
for late September, which means at least a two month delay in delivery (to 1991 November).

CEC had some problem with the 75 kV power supplies being manufactured for them by Innotec.
The first supply failed to meet their specifications during two visits for the acceptance tests.
Finally, it met the specifications but the modifications to the circuit boards were so extensive
that CEC asked Innotec staff to redesign the circuit boards and re-do the tests. This was done,
the supply was re-tested and finally accepted by CEC. The second power supply is now
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complete and will be drop-shipped to CRL once the transformer pads are completed. CEC are
now ready to integrate the final klystrode tube into the first system.

A 250 kW circulator is being manufactured by ANT Telecommunications. The test assembly
has been completed and the circulator has passed the low power tests and is being readied for
shipment. The final tests for the circulator will be done at CRL using the existing 270 MHz rf
system. Changes to hardware and system interlocks that are required for these tests are
underway. The tentative date for these tests is mid August.

The contract for the mezzanine was given to Steel Force of Pembroke and it was completed to
specifications on schedule. Design of the transformer pads and enclosure was completed and
quotes were requested from Manufacturing Division and outside contractors. The pads and
enclosure will be provided by the Maintenance and Construction branch (M&C). A work order
was issued and construction is scheduled to start by August 1.

The plan to use the 2.4 MVA fused disconnect switches from modular power supplies A and B
in Bldg. 467 for the new rf amplifier systems was dropped when it was learned that their
removal would cost as much as two new switches. An alternative, suggested by Electrical
Maintenance branch, of using two spare switches available in Bldg. 508 and 466 was adopted.

1.5.2.5 Instrumentation for CW Accelerators

B.G. Chidley, W.L. Michel and B.H. Smith

The noisy linear potentiometer position indicators on the emittance measuring unit (EMU) were
sent back to the manufacturer for adjustments to reduce the noise from vibrations. The
replacement indicators work very well and show no noise due to vibration. A new 20:1 gear
box was installed on the main vertical drive. The motor had been slipping when trying to raise
the main carriage beyond 2.5 cm. There was some improvement but slippage still occurred. The
software was then modified to do a scan from the top to the bottom position. The analysis
program was also modified to reflect this change.

Other modifications to the analysis package corrected several bugs and improved the visual
display of the raw and analyzed data. A second analysis program is being developed using the
PARMTEQ method of calculating emittance.

The ISTS-EMU data acquisition program has been modified to reduce the time required for a
scan to about 5-7 minutes by applying techniques from the RFQ1 program. Tests with beam
have not yet been done. The ISTS analysis program ic very different from the RFQ1 program
and an attempt is being made to make them identical. The ISTS part is complicated by the fact
that multiple beamlets are quite distinct and analysis is desired for euch beamlet.



1-18

1.5.3 Electron Linear Accelerator Development

J. Ungrin

Two 3 GHz linacs are housed in a common shielding tunnel in Bldg. 610. The higher power
of these, PHELA, is used for a range of commercial irradiations and for the development of
dosimetry. A second experiment, BEDROCS, has been set up in the same tunnel to investigate
the effect of coupling slot geometry on the beam optics of the linac.

1.5.3.1 BEDROCS

F.P. Adams, RJ . Burton, R. W. Davis, E.R. Gaudette, G.F. Morin and J. Ungrin

The two 3 GHz structures of the BEDROCS (Beam Ellipticity Dependence on Rotation Of
Coupling Slots) study have now been operated under identical conditions, with the same electron
gun installed on each structure. These measurements confirm the differences in beam quality
that were observed when the structures were operated with different electron guns. The
differences in beam quality clearly result from the coupling-slot orientations, and not from the
electron guns.

The structure that has coupling slots rotated across the accelerating cavities produces a beam
with a distorted cross-section and an increased divergence. The remaining distortion and
divergence (± 1 mrad), of the beam accelerated by the structure with aligned coupling slots, is
presumed to result from energy-dependent effects in the injection end. Our study of accelerating
structures, for high-quality electron beams, will therefore focus on such aligned-slot,
slot-coupled structures.

The observed effects are consistent with computer simulations of the rf fields in the accelerating
structures. Beam cross-section distortion results from phase-dependent quadrupole focusing by
structure rf fields. The observed cruciform shape is thought to be the superposition of ellipses
whose orientation depends on the rf phase at which the electrons were accelerated. This will
be investigated using a higher-energy electron gun. The gun output beam will be chopped to
fill only a small part of the rf cycle.

The beam-chopping assembly has been built and installed on the BEDROCS aligned-slot
structure in the PHELA facility. Experimental work will proceed following maintenance work
and commercial jobs on the PHELA accelerator.

A complete rework of the BEDROCS electron gun has been undertaken and a new cathode has
been installed. The new gun assembly is being baked in the vacuum oven and is awaiting
installation on the BEDROCS accelerator.
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1.5.3.2 PHELA

F.P. Adams, E.R. Gaudette and D.L. Smyth

Beams from PHELA at energies up to 13 MeV were used for development of high-dose
dosimetry and for commercial irradiation of topaz to induce colour centres.

Various high-voltage components of the klystron power supply and high-voltage cables for the
accelerator ion pumps failed during the latter part of the reporting period. This resulted in
unscheduled down-time, but did not affect commercial operations. The increase in ambient
humidity during this period was the cause of these failures. PHELA has resumed operation at
full capacity following repair or replacement of the affected components.

1.5.4 Laser Acceleration of Particles

N.A. Ebrahim

The high power CO2 laser laboratory has been established to study advanced accelerator concepts
and laser isotope separation by multi-photon ionization. Experiments are underway to study
plasma-based collective accelerator concepts, in particular the laser plasma beatwave acceleration
concept.

1.5.4.1 Hydrodynamic Simulations of Laser Plasmas

N.A. Ebrahim and R. Rankin with C.E. Capjack (University of Alberta)

We are conducting studies of plasma generation by focused laser beams and propagation of laser
radiation in low density plasmas. Both of these problems are relevant to our studies of laser
particle acceleration in plasmas.

We have now completed initial studies with a two-dimensional cylindrical time-dependent
paraxial wave equation computational code which accounts for refraction, diffraction, laser
radiation absorption and intensity dependent tunneling ionization.

Above plasma densities of 1016 cnr3 laser beam refraction effects become significant. As the
laser beam refracts, the focus moves dynamically towards the near field. Eventually, laser beam
refraction effects and multiphonon ionization effects balance each other and regulate the laser
power density to a value near the threshold level for multiphoton ionization. The results of the
computer simulations are consistent with the analytical model developed previously
(Nizar A. Ebrahim, Laser Particle Acceleration Research at Chalk River Laboratories, Research
Trends in Physics, 1991, to be published).
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1.5.4.2 Theoretical and Particle Simulation Studies of Plasma Beatwave Acceleration

N.A. Ebrahim with S.R. Douglas (Mathematics and Computation Branch)

We are conducting studies of single particle motion in relativistic electron plasma waves for
conditions relevant to our experiments. One- and two-dimensional fluid-particle hybrid
simulation computer models have been developed for these studies.

We have completed detailed studies of the acceleration process in one and two-dimensions. In
one-dimension the maximum energy and energy spectrum depend on the injection energy of the
electrons. Maximum energy gain is attained by electrons injected with energy sufficiently high
that they are trapped in the plasma waves. Trapping motion of the electrons is clearly observed
in the phase space representation of this process.

In the two-dimensional model with the radial fields the motion of the electrons exhibits the
standard betatron oscillations, for a range of initial injection phases. The optimum initial
injection phases that result in the maximum energy gain in the one-dimensional model, produce
only a marginal energy gain in the two-dimensional model. However it is possible to optimize
the initial injection phase in order to obtain energy gains which are comparable to those observed
in the one-dimensional model. Strong focusing of off-axis particles has also been observed for
particles injected in the focusing phase of the radial fields.

1.5.4.3 High-Power CO2 Laser System

N.A. Ebrahim with E.B. Selkirk (Physical Chemistry)

Both the low-pressure quasi-cw laser sections in the main oscillator were modified to improve
their performance and obtain better synchronization of the long pulses in the two wavelengihs.
Both low-pressure sections were nearly doubled in length to approximately 60 cm. The
increased gain in laser sections has improved the shot-to-shot reproducibility quite significantly.
Improvements in the synchronization of the long pulses have also been observed.

The flexible coupling on the large high-pressure amplifier was renewed to eliminate the gas leaks
which had developed in it.

The transmission line on the laser-triggered spark gap was modified in order to eliminate double-
pulsing in the Pockels cells. This was due to the reflection of the high voltage switching pulse
at the end of the final Pockels cell. A 23 m length of transmission line and a 50 ohm
termination at the end of the final Pockels cell was used to eliminate the reflection of the voltage
pulse, by providing a proper match between the Pockels cell and the transmission line.
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1.5.4.4 Linear Electron Accelerator System

R.T.F. Bird and N.A. Ebrahim with E.B. Selkirk (Physical Chemistry Branch)

The accelerator system was let up to atmosphere in order to install titanium windows at the exit
of the accelerator. This opportunity was used to improve the mechanical alignment of the
electron gun, the accelerator structure and the electron injection beamline with respect to the
main interaction chamber and the laser beamline. The re-assembly and evacuation of the
accelerator system has been completed and the processing of the electron gun and conditioning
of the accelerating structure is to begin shortly.

1.5.4.5 Electron Injection Beamline Components

N.A. Ebrahim and R.T.F. Bird with E.B. Selkirk (Physical Chemistry Branch)

The electron injection beamline consists of a quadrupole triplet lens at the exit end of the
electron accelerator followed by four quadrupole singlets and three 60° dipoie bending magnets
with an expected final focus of 300 fim in the laser plasma interaction region.

The installation of the various beamline components, the power supplies for the magnetic
components and the vacuum system for the beamline was completed, and the injection beamline
was commissioned. The electron beam from the accelerator was drifted through the beamline
and imaging of the beam in the symmetry plane after the second bending dipoie magnet indicated
that the vertical height of the beam was consistent with that expected from the computer
calculations. The apparent beam loss after the final bending dipoie magnet was traced to faulty
wall current gap monitors which were used to measure the beam current. This problem has now
been corrected and further tests are to begin shortly.

The injection beamline was modified so that the magnetic components and the vacuum line
components can be aligned independently. This was achieved by modifying the existing
mounting systems for the various components.

1.5.4.6 Electron Spectrometer and Detection System

N.A. Ebrahim with E.B. Selkirk (Physical Chemistry Branch)

Fabrication of the electron spectrometer was completed. Installation of the spectrometer, the
coils and the cooling system, as well as the power supplies has also been completed. The
installation of the spectrometer support system was completed and the spectrometer aligned with
respect to the injection electron beamline and the laser beamline. The fabrication of the multiple
port vacuum chamber for the electron spectrometer has been completed. The vacuum chamber
has been installed and aligned in the spectrometer.
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The fabrication of the electron detection system has been completed and the detectors have been
assembled. Each detector assembly consists of a 10 cm length of NE102A plastic scintillator
and a Hamamatsu 647-01 end-on photomultiplier tube, wrapped in aluminized mylar to act as
a diffuse reflector, single layers of "Netic" and "Conetic" metals for magnetic shielding and a
layer of black tape to make the assembly light tight. The assembly is enclosed in a mild steel
housing with a thin aluminum entrance window to provide magnetic and rf radiation shielding
as well as shielding from the visible and stray laser light. The high voltage supplies and the
amplifiers for the detector system have been installed and the various interconnecting cables have
been fabricated.

1.5.5 Heavy Ion Superconducting Cyclotron

J.A. Hulbert

The Chalk River Superconducting Cyclotron is operated by TASCC Accelerators and
Development Branch. Accelerator Physics Branch provides assistance in commissioning,
maintenance and operation and in the design of improved components to enhance performance
and reliability.

1.5.5.1 Main Magnet Control Upgrades

1.5.5.1.1 Magnet Control Hardware Upgrade

L.W. Shankland

The IGOR (input gate, output register module) interfaces for the voltage tap monitor, the alarm
and watchdog circuits and the bubble mass memory unit have been repackaged into a single
chassis, to improve reliability and to make space in the instrument rack for the logging printer.
The chassis has been fully tested and all drawings finalized.

Conversion of the main magnet power supply CAMAC interfaces have now been completed.
The original interfaces were designed for a type of CAMAC IGOR unit no longer in use in
TASCC. The modifications were as follows:

(a) The 12 bit and 20 bit register boards were modified to suit the current IGOR protocol
which leaves latched signals unchanged if the connection to the IGOR is broken.

(b) The 12 bit and 20 bit buffer/selector boards were replaced with newly-designed boards.

(c) An SPO (status, pulse output module) interface board with 2 SPO ports was added to
allow readback of current and voltage setting of the power supplies.
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(d) Relays were added for remote power switching of the power supplies and for remote
switching of the power to the control electronics.

(e) The MASTER/SLAVE settings of the two power supplies have been hard-wired to
prevent any possibility of an incorrect setup.

The magnet power supplies are now ready for remote control as soon as the final version of the
software controller is commissioned.

1.5.5.1.2 Magnet Control Software Upgrade

J.A. Hulbert

The current software/hardware controller (Version 3) was replaced in May by the Version 1
(original 4-bit) system to enable investigation of the sudden impermanence of the records in the
bubble mass memory. Recently, mains outages have caused loss of boot and operating system
records in the bubble memory. The bubble memory supply voltage was found to be at an
extreme limit and it is expected that restoration of the proper voltage will solve the problem.
Version 3 will be reinstated when the cyclotron schedule permits.

Version 4 (two-crate CAMAC system and revised software) which will permit operation of the
magnet from the central control room is still undergoing software testing in simulator form. The
completion of the tests has been delayed by other priorities.

1.5.5.1.3 Magnet Dump Diode Upgrade

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

During magnet discharge, stored energy is dissipated in a set of high-power diodes, once the
magnet current falls below 200 A. The diode I-V characteristic speeds up the completion of the
magnet discharge. In a new diode assembly, now operational, the number of diodes has been
doubled. Parallel connection of the diodes reduces the chance of an open circuit should a diode
fail. In addition, the diodes are cooled not only by water flowing in channels but also by
conduction to a standing cooling bath. This arrangement ensures adequate cooling for the
duration of the magnet discharge should the forced cooling be lost during a power outage.

1.5.5.2 Foil Changer Upgrade

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

Design of a replacement foil identification system was completed. It features a 13-bit absolute
optical shaft encoder to monitor foil position. The components were procured, including custom
PC boards, and the circuitry assembled. The bit pattern range for each of the 33 foil positions
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on the transport chain was programmed into an E-PROM. Foil identification is read out locally
on a digiial display and will be sent to the control computer via a CAM AC SPO module for
display in the control room. This system has operated satisfactorily on the bench, and is ready
for installation on the cyclotron.

Maintenance was performed on several systems. The unloader and loader mechanisms were
tuned and lubricated, and the transport chain was removed from the cyclotron for lubrication.
These operations require considerable disassembly on top of the cyclotron and removal of the
magazine vacuum envelope. The opportunity was taken to reinstall a modified gate valve that
isolates the foil changer vacuum envelopes.

A modification was made to the magazine to remove a probable cause of foil damage during
loading.

1.5.5.3 Electrostatic Deflector Development

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

Two alumina feed insulators have been prepared and installed in a high-voltage test stand where
they functioned well at the nominal design voltage of 100 kV with low leakage current. Each
insulator had the surface on the cathode side covered with a thin coating of Cr2O3 for control
of secondary electron emission. One of the insulators was fitted with connections for supplying
cooling water to a deflector electrode. Neither insulator has been used in the cyclotron, which
is currently fitted with Macor feed insulators. Alumina components for ten more feed insulators
have been ordered from a commercial supplier.

Enhancement of leakage currents has occurred in the test stand because of pinholes developing
in the Teflon tube that separates the water streams flowing to and from the water isolation
resistor in the body of the feed insulator. The holes occur at the insulator end of the tube where
large voltage differences exist between one side of the tube wall and the other. These voltage
differences drive current along the water path through the pinhole. It appears that these holes
occurred as a result of electrical breakdown when insufficient time was allowed to purge the
water system of air after it had been open for deflector modifications.

Fabrication of components for testing a model intermediate deflector electrode continued. The
vacuum chamber, electrodes, high-voltage hardware, an instrumentation feedthrough, and
insulator fittings are completed. Work on remaining items is well advanced. A dc power supply
(-60 kV, 1.5 mA) to drive the intermediate electrode has been ordered. Development tests are
expected to be underway this autumn.
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1.5.5.4 Magnetic Channel Upgrade Study

C.R.J. Hoffmann

A study continued to explore the feasibility of enhancing deflection of an extracted beam in the
hill lenses. Such enhancement would reduce electric fields required in the electrostatic deflector
for extraction of some ion beams. Previously, practical configurations of magnetically saturated
iron have been derived to add to the lenses. Compensation pieces have been devised which
calculations show will reduce first harmonic and average field perturbations generated by the
iron added to the lenses. Detailed field maps for use in the orbit tracking code SUPERGOBLIN
have been made which include the contributions from all additional iron components.
Preliminary calculations show a 20% reduction of deflector fields for extraction of 50 MeV/u
carbon. Evaluation of the effects of these iron changes on radial and axial emittances is still
required.

1.5.5.5 Computation

C.R.J. Hoffmann

A program has been written to plot emittance diagrams using the CA-DISSPLA plotting software
available on the Cyber 990 computer. The emittance data is generated in SUPERGOBLIN using
ray tracing. The plotting format can present up to 15 diagrams on one sheet of letter-size paper.
This program will be extended to also provide plots from first and second order transfer matrix
data, also generated in SUPERGOBLIN.

The code TRIUMF2 has been altered to allow selection of cyclotron magnet currents that are
slightly outside the mapped region, but well within the operating current limits for the magnet.
Also, an option has been added to TRIUMF3 to obtain field index information when the
equilibrium orbit data is calculated.

1.5.6 Synchrotron Rrriiation Source for Canada

C.B. Bigham and N.A. Ebrahim

The effort to establish a synchrotron radiation facility in Canada has continued through support
of the Canadian Institute for Synchrotron Radiation (CISR). CISR now has 68 individual
members and 14 institutional members. The Chairman of the Board of Directors is
Dr. Mark Sutton (McGill) and the executive Dr. G.M. Bancroft (UWO), Dr. E.D. Crozier
(Simon Fraser) and Dr. C.B. Bigham (CRL).

As part of the effort, CISR joined in sponsoring a symposium on Chemical Applications of
Synchrotron Radiation (SR) at the Canadian Chemical Conference on 1991 June 1-6 in Hamilton.
The attendance of 40-70 for all the presentations showed the increased interest in SR in the
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chemistry community. An invited paper was given at a special session on the last day "Towards
a Canadian Synchrotron Radiation Source" with review papers on sources and a discussion of
parameters for a Canadian source.

A CISR special meeting and directors' meeting were held on June 7* where the main topic of
discussion was the proposal to request NSERC funding for a feasibility study on a synchrotron
radiation source for Canada (CISR-SRS). The proposal has gone through several drafts in the
last 1-1/2 years while information was being collected to make a scientific case for a national
facility. The contributors, in addition to the CISR executive, have been Dr. D.M. Skopik,
Dr. L.O. Dallin and Dr. H.S. Caplan (SAL), Dr. M.K. Craddock (UBC), Dr. R.G. Cavell (U
of A), Dr. N.A. Ebrahim and most of the synchrotron radiation user community in Canada.
(The proposal was submitted to NSERC on 1991 August 19.)

At CRL during this period, the status of synchrotron radiation sources (SRS) now operating and
under construction has been reviewed. This review leads to the conclusion that the "Third
Generation" sources currently under construction are close to the performance limits attainable
with standard copper conductor technology. These limits have been circumvented in some
"compact" SRSs and in storage rings for high energy physics by using superconducting
technology.

Some exploratory calculations have been made to see how superconducting elements, i.e.,
bending magnets, quadrupoles and sextupoles, could be constructed using superconducting
windings. The results indicate that a low emittance storage ring with improved parameters could
be constructed at modest cost using these elements. This is one of the options under
consideration for the feasibility study.

1.5.7 Single Cell Accelerating Cavities

1.5.7.1 High Tr Superconducting Accelerator Cavity Development

C.B. Bigham

High-temperature superconductivity research continues at an impressive pace. A recent twice-
monthly "High Tc Update" [ISSN 1048-1141, Dr. Ellen O. Feinberg, Editor, Ames Laboratory,
Ames, Iowa] listed a near record 130 preprints for the two-week period. The carbon structure
"fullerite" CM is superconducting when doped with K (Tc = 18 K) or Rb (Tc = 28 K). Only
BaoftKo^BiOs and the cuprate superconductors have higher Tc. There seems to have been no
further reports on the LaCa2Co3O6+y superconductivity with Tc = 227 K mentioned in
PR-PHY-1.

High Tc accelerating cavities will require low rf loss films on a thermally conducting (metal)
substrate. For the very anisotropic cuprates, the required level of crystal orientation has not
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been demonstrated. For the "fullerenes", orientation may not be so important and may lead to
interesting developments.

1.5.8 Application of Radiofrequency Waves to Materials

1.5.8.1 Measurement of RF Properties of Materials

R.M. Hutcheon, M.S. de Jong, F.P. Adams and J.E. McGregor with G. Woods
(Fuel Engineering Branch), P. Hay ward (Containment Analysis Branch) and
P. Lucuta (Fuel Materials Branch)

Work continues to develop cavity-based systems for the measurement of rf properties and to
measure the properties of selected materials.

The new 1700°C furnace has been installed and tested, and two new systems to extend the
measurement range to 1400°C are complete. A single mode TMolo 2.4 GHz cavity with
improved cooling in the central or on-axis region was built and a new OFHC copper brazed
multimode cavity to operate between 400 and 3000 MHz is complete and calibrations are in
progress.

Studies on specific materials include:

(a) Studies of Low Loss Alumina for RF Applications

Samples of seven aluminas used for microwave windows were studied, with the object of
correlating the ceramic microstructure and composition with the microwave loss properties.
Two conference papers were presented on this work.

(b) Comparison of the Dielectric Loss of Amorphous and Crystalline Phases of a Material

Glass ceramics are materials which are easily made in an amorphous phase and then recrystallize
at an elevated temperature without "melting". A study of the mobility of the ions during this
recrystallization process is being attempted, comparing lithium, sodium and barium silicate
glasses.

(c) Sintering Studies on Alumina

Methods are being developed for making high density green pellets of the appropriate shape for
sintering studies. The intent is to fully sinter the material while making dielectric properties
measurements during the process. This information is not currently available and should be of
interest to manufacturers developing microwave sintering processes. Initial runs on high purity
alpha alumina pellets were performed for a 1.5 hour heating ramp and a 1 hour soak at 1400°C.
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1.5.8.2 Joint Studies with University of Florida Materials Engineering Department: The
Application of Microwave Processing to Selected Ceramics

R.M. Hutcheon

A collaboration has been initiated with the University of Florida in which the CRL contribution
would be the measurement of high-temperature dielectric properties of materials and the
exploration of applicator configurations. The initial studies i nclude:

(a) Dielectric properties of nuclear waste disposal glass SRL-165, without and with
simulated nuclear wastes, during the frit to glass forming process.

(b) Dielectric properties of green alumina pellets, during sintering to 1400°C, with varying
amounts of PMMA (polymethylmethacrylate) binder.

(c) Dielectric properties of a thin modified surface layer on various sodium silicate glasses,
to study ion migration mechanisms.

1.5.9 Mechanical Laboratory

J.E. Anderchek, R.J. Bakewell, J.D. Balfouir, D.G. Hewitt, R.J. Kelly and
J.F. Weaver

The Mechanical Laboratory operates the machine shop and furnaces in BIdg. 145 and carries out
mechanical construction, assembly, repairs and vacuum testing for the Accelerator Physics
Branch and the Reactor Physics Branch.

Total laboratory time breakdown in the period January 1 to June 30, 1991 was

Accelerator Physics Branch 98.8%
Reactor Physics Br nch 1.2%

1.5.9.1 Ion Source Development

A pair of solenoids was fabricated for the prototype electron cyclotron resonance ion source
(ECRIS) along with an insulator to electrically isolate them from the plasma chamber. In
addition, a stand to support the solenoids and two carriages to position them were manufactured.
Two plates simulating a glued extraction column for the prototype ECRIS were machined and
bonded and subjected to a series of vacuum and torque tests. The ISTS leak detector was
repaired and completely overhauled.
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1.5.9.2 Ion Linear Accelerator Development

Tests were done on the material GlidCop Al-15 which was used as a construction material for
the new vanes for RFQ1-1250. These included GlidCop plating and brazing tests, and
machining and brazing a 2.4 GHz cavity for Q tests.

A number of jobs were done related to the manufacture and installation of the new vanes. These
included manufacture of all the vane cooling accessories, modifications to the inner and outer
vane clamps, modifications to cooling nipples, and preparation of the vanes for installation after
the cooling plugs were welded in. In addition, an alignment target and profile checking
templates were made, together with two sets of gaskets for the tuners and the racetrack seals.
A mounting base and protective cover was made for the fifth, or backup, vane.

Modifications were made to the diagnostics box to provide mounts for the Reticon cameras.

Repairs were made on two diffusion pumps, and a blank flange was fabricated. A spool piece
was fabricated to go between the EMU and the solenoid. Modifications were made to 20 printed
circuit boards. A 23 cm transmission line adapter was built.

1.5.9.3 Electron Linear Accelerator Development

Support work for the BEDROCS experiment continued. The bulk of the effort went into
modifications to the accelerator structures and the fabrication of a chopper cavity installed up-
line from the linac to facilitate new experiments. In addition, a multitude of small components
required for new installations and for the experimental program were fabricated as required.

1.5.9.4 Laser Plasma Beatwave Experiment

During this period the detectors for the electron spectrometer were fabricated and assembled.
An electron spectrometer vacuum chamber, coil formers, the vacuum chambers for the three
dipole magnets, the interconnecting vacuum pipes, the vacuum beamline and gale valve supports
were manufactured. A set of fuiiy adjustable supports for the dipole magnets and the electron
spectrometer, two Faraday cup charge collectors and four wall current gap monitors and
electromagnetic interference shields were also fabricated. RF-shielded copper boxes were
fabricated to house the photon-drag infra-red detectors. Modifications to two laser steering
mirror mounts and a focusing mirror mount were also made. A number of acrylic alignment
targets, mirror covers, optical cube mounts, optical tie down clamps, and a spark-gap resistor
housing were manufactured, and modifications to two low-pressure sections were also
completed. Two pumping ports and a Granville Phillips gauge adapter were also fabricated for
installation on the focusing optics vacuum chamber.
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1.5.9.5 Heavy-Ion Superconducting Cyclotron

A modified drive mechanism was made for a collapsible tuner that is intended to drive the rf
lower sliding short. Also, the fingerstock contact area was refurbished in the power amplifier
cavity. Maintenance was performed on the foil changer unloading and loading systems and
shims were made and fitted to vacuum rotary feedthroughs to support bearing races.
Components were made for an alumina feed insulator and several alumina post insulators for the
electrostatic deflector system. A Macor feed insulator was repaired and another fitted with a
boron nitride sleeve. Six Teflon tubes with spiralled grooves were made for the deflector water
system. A copper envelope for the test stand high-voltage system was made to replace an
envelope that had been damaged. A vacuum chamber was manufactured for an intermediate
electrode test assembly as part of the deflector development activities.

1.5.9.6 Reactor Physics

Two caps for a void simulation rig, a bottom end fitting for an aeration bubble rig, and two lead
shields for detectors were fabricated for an out-reactor test rig to study the coolant void effects
in CANDU reactors.

1.6 PUBLICATIONS AND LECTURES

Publications

LONG LIFE BUNCHER GRIDS FOR HEAVY ION PARTICLE ACCELERATORS
G.R. Mitchel and J.E. McGregor
Review of Scientific Instruments, 61 (12), 3913 (Dec. 1990).

CURRENT STATUS OF THE SUPERCONDUCTING CYCLOTRON AT CHALK RIVER
H. Schmeing, C.B. Bigham, N.C. Bray, W.G. Davies, B.F. Greiner, C.R. Hoffmann.
J.A. Hulbert, P.I. Hurley, E.H. Lindqvist, J.E. McGregor, R.E. Milks, G.R. Mitchel,
J.F. Mouris, J.H. Ormrod, L.W. Shankland, E.P. Stock, L.W. Thomson, R.R. Tremblay and
X-H. Zhou
Proceedings of the Twelfth International Conference on Cyclotrons and Their Applications, 88
(1991).

TASCC BUNCH INJECTION AND PHASE CONTROL SYSTEM: REVIEW, OPERATING
EXPERIENCE AND RECENT IMPROVEMENTS
G.R. Mitchel, J.E. McGregor and E.P. Stock
ibid., 392.

NEW VANES FOR RFQ1
B.G. Chidley, F.P. Adams, G.E. McMichael and T. Tran-Ngoc
Proceedings of the 1990 Linear Accelerator Conference, LA-12004-C, 42 (1991).



1-31

STUDY OF HIGH-STRENGTH COPPERS FOR RFQl'S NEW VANES
T. Tran-Ngoc and R.M. Hutcheon
ibid., 45.

COMPONENTS FOR CW RFQ'S
T. Tran-Ngoc, G.E. McMichael, G.M. Arbique and F.P. Adams
ibid., 48.

RFQ1 DIAGNOSTIC DEVICES
B.G. Chidley, G.M. Arbique, M.S. de Jong, G.E. McMichael, W.L. Michel and B.H. Smith
ibid., 459.

LOW BETA CW LINACS FOR INTENSE BEAMS
G.E. McMichael
ibid., 518.

OPERATING EXPERIENCE WITH THE IMPELA-10/50 INDUSTRIAL LINAC
J. Ungrin, S.B. Alexander, S.T. Craig, G. Frketich, V.A. Mason, IX. Mclntyre,
M.P. Simpson, D.L. Smyth, R.J. West and B.F. White
ibid., 587.

BEAM PERFORMANCE AND MEASUREMENTS ON THE RFQ1 ACCELERATOR
G.M. Arbique, B.G. Chidley, M.S. de Jong, G.E. McMichael and J.Y. Sheikh
ibid., 677.

MAFIA ANALYSIS OF THE EFFECTS OF COUPLING SLOTS IN LINACS
F.P. Adams, J. Ungrin and M.S. de Jong
Proceedings of the 11* Conference on Applications of Accelerators in Industry and Research,
Nuclear Instruments and Methods, B56/57 (1991) 1103.

MAFIA STUDY OF THE RFQ1 ACCELERATOR
F.P. Adams, M.S. de Jong and R.M. Hutcheon
ibid., 1043.

OPTIONS FOR CANADIAN CONTRIBUTIONS TO THE NEXT GENERATION OF
COLLIDERS
A Study Prepared for the Institute of Particle Physics
M.S. de Jong (one of seven physicists contributing to this study)
1991 May.
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Reports

BEAM CENTRING IN THE CHALK RIVER SUPERCONDUCTING CYCLOTRON
C.B. Bigham and J.H. Ormrod
AECL-10302
1990 November.

RF FIELD CONTROL FOR KAON FACTORY BOOSTER CAVITIES
S.T. Craig and M.S. de Jong
AECL-10312
1990 November.

THE CHALK RIVER ION SOURCE TEST STAND
J.S.C. Wills
RC-521, 1990 December.
Unpublished report, available from AECL Research, Chalk River, Ontario KOJ 1J0.

HERA '52' 3 kW SOLID-STATE DRIVER AMPLIFIER DESIGN AND CIRCUIT
DESCRIPTIONS
S.T. Craig and R.J. West
RC-549, 1991 January.
Unpublished report, available from AECL Research, Chalk River, Ontario KOJ 1J0.

MECHANICAL DESIGN OF NEW VANES FOR RFQ1
T. Tran-Ngoc and E.C. Douglas
RC-548, 1991 January.
Unpublished report, available from AECL Research, Chalk River, Ontario KOJ 1J0.

HERA 52 MHZ RF SYSTEM OPERATOR'S GUIDE
M.S. de Jong, J.C. Brown, R.J. Burton, S.T. Craig, L.W. Funk, R.M. Hutcheon, P.J, Bunge,
A.B. Hood and R.J. West
RC-587, 1991 March.
Unpublished report, available from AECL Research, Chalk River, Ontario KOJ 1J0.

MAFIA STUDY OF THE SUPERCONDUCTING CYCLOTRON
F.P. Adams and M.S. de Jong
RC-595, 1991 March.
Unpublished report, available from AECL Research, Chalk River, Ontario KOJ 1J0.
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THE RFQ1 PROJECT AT CHALK RIVER - STATUS 1991 FEBRUARY
G.E. McMichael, F.P. Adams, G.M. Arbique, B.G. Chidley, J.Y. Sheikh, T. Taylor and
T. Tran-Ngoc
RC-580, 1991 March.
Unpublished report, available from AECL Research, Chalk River, Ontario KOJ 1J0.

Conference Presentations

THE CANADIAN APPROACH
B.G. Chidley
Paper presented at the Workshop on 14 MeV Intense Neutron Source based on Accelerators for
Fusion Material Study, Tokyo, Japan, 1991 January 14-16.

LASER PARTICLE ACCELERATION RESEARCH AT CHALK RIVER LABORATORIES
Nizar A. Ebrahim
Invited talk at the International Topical Conference on Research Trends in Coherent Radiation
Generation and Particle Accelerators, La Jolla, CA, 1991 February 11-13.

DIELECTRIC PROPERTIES OF CERAMICS AT HIGH TEMPERATURES
R.M. Hutcheon, P.G. Lucuta and J.E. McGregor
Paper presented at the Electronic and Basic Science Division 89th Annual Meeting and
Convention Canadian Ceramic Society, Montreal, Quebec, 1991 February 24-27.

DESIGN CW CURRENT IN RFQ1 - CHALK RIVER'S CW RFQ PROGRAM
G.E. McMichael, F.P. Adams, G.M. Arbique, B.G. Chidley, J.Y. Sheikh and T. Tran-Ngoc
Paper presented at the NPB Technical Symposium, Boulder, Colorado, 1991 April 15-19.

CAVITY CONDITIONING/DECONDITIONING - CHALK RIVER PERSPECTIVE
G.E. McMichael
Paper presented at the NPB Technical Symposium, Boulder, Colorado, 1991 April 15-19.

The eight papers listed below were presented at the 1991 Particle Accelerator Conference, San
Francisco, CA, 1991 May 6-9.

DEVELOPMENT AND PERFORMANCE OF ELECTROSTATIC DEFLECTOR
INSULATORS FOR THE CHALK RIVER SUPERCONDUCTING CYCLOTRON
C.R. Hoffmann and J.F. Mouris

NEW VANES FOR RFQ1: FABRICATION, INSTALLATION AND TUNING
B.G. Chidley, G.E. McMichael and T. Tran-Ngoc
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BEAM TRANSMISSION AND EMITTANCE MEASUREMENTS ON THE RFQ1
ACCELERATOR
G.M. Arbique, B.G. Chidley, W.L. Michel, G.E. McMichael and J.Y. Sheikh

MULTI-BEAMLET INJECTION TO THE RFQ1 ACCELERATOR - A COMPARISON OF
ECR AND DUOPIGATRON PROTON SOURCES
G.M. Arbique, T. Taylor, M.H. Thrasher and J.S.C. Wills

MEASUREMENTS OF HIGH TEMPERATURE RF AND MICROWAVE PROPERTIES OF
SELECTED ALUMINAS AND FERRITES USED IN ACCELERATORS
R.M. Hutcheon, M.S. de Jong, P. Lucuta, J.E. McGregor, B.H. Smith and F.P. Adams

QUADRUPOLE EFFECTS IN ON-AXIS COUPLED LINACS
F.P. Adams, R.J. Burton and J. Ungrin

DEVELOPING THE CHALK RIVER SUPERCONDUCTING CYCLOTRON FOR
OPERATION IN T - M O D E

J.A. Hulbert and X-H. Zhou

HIGH-CURRENT CW RFQ'S
G.E. McMichael

TOWARDS A "FOURTH GENERATION" SYNCHROTRON RADIATION SOURCE
C.B. Bigham
Paper presented at the 1991 Canadian Chemical Conference, Hamilton, Ontario, 1991 June 2-6.

HIGH-CURRENT CW LINACS AT CHALK RIVER
G.E. McMichael
Paper presented at the Specialist Meeting on Accelerator-Driven Transmutation Technology for
Radwaste and other Applictions, Stockholm, Sweden, 1991 June 24-28.
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2.2 OVERVIEW/ACCOMPLISHMENTS

B.M. Powell

The most significant event of the period for the neutron scattering programs was
the temporary shut-down of the NRU reactor for repair in January and continuing
throughout this reporting period. This resulted not only in a major disruption of
both the Condensed Matter Science and the Applied Neutron Diffraction programs,
but has also led to the dismantling of the small angle scattering spectrometer at the
T3 beam hole to allow reactor tests to be made. The two programs have been
continued by NSSP scientists obtaining beam time at both Oak Ridge and Rise
National Laboratories. Reactor start-up is presently scheduled for 1991 November.

Construction of DUALSPEC was completed in January, but commissioning cannot
proceed until the NRU reactor is back at power. A successful ceremonial opening
for DUALSPEC was held 1991 February 22nd. It was attended by dignitaries from
AECL, NSERC and the universities, distinguished guests from the scientific
community and everyone involved in the design, construction and assembly of the
instrument.

This period saw considerable activity in the promotion of the art of neutron
scattering through a one-day conference, a two-day workshop on powder diffraction
and a week-long lecture series for students.

To publicize the availability and the capability of the high resolution powder
diffractometer of DUALSPEC, a Workshop on Neutron Powder Diffraction was
held 1991 May 30/31. Formal lectures on the powder profile method were given
by invited speakers and the students carried out "hands-on" data analysis using
GSAS, a particular refinement code. A lecture series on "The Art of Neutron
Scattering" was given 1991 June 10-14. Lectures on all facets of neutron scattering
and its application to condensed matter systems were given by members of the
Condensed Matter Physics Group and other invited speakers. The series was
tailored to graduate students seeking to learn the applicability of the technique.

The conceptual design of a cold neutron source for the NRU reactor was
completed. The design includes in-pi!e and out-pile equipment, insertion and
removal equipment, process and control systems and instrumentation. The design
was presented to NSAC.

The results of an international trial comparison of the activity of 75Se were received
from BIPM (Bureau International des Poids et Mesures). The AECL value
differed from the weighted mean by 0.18%. The BIPM regards the precision of all
measurements of 75Se as too low and plans a full-scale comparison in 1992.
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Three members of NSSP Branch gave talks or demonstrations at the Science for
Educators Seminar, 1991 Apr. 18-20 and a Branch member gave two one-week sets
of talks to schools on energy issues.

2.3 TOPICAL REVIEW - THE MAGNETIC STRUCTURES OF THE
RARE EARTH METALS

T.M. Holden

The rare earth metals all have relatively simple atomic crystal structures, usually
hexagonal. But the atoms of these elements possess a magnetic moment, and at
low temperatures, all these metals have ordered magnetic structures. There are a
great variety of these magnetic structures and many of them do not seem to be
related to the corresponding atomic structures in any simple way.

One of these magnetic structures is a "c-modulated phase", in which the magnetic-
vector of the atom always points along the unique hexagonal axis, but the
magnitude of the vector varies with the atomic position along this hexagonal axis.
The variation is periodic, but not necessarily with the same period as that for the
atomic positions. There are thus two repeat distances in the structure, one for
atomic positions and a second for the magnetic vector. If these do not have a
simple relationship, the structure is called incommensurate. A second possible
structure has the magnetic vector tilted away from the hexagonal axis and rotating
around it as the atomic position moves along the axis. This is called a spiral phase
and also may be incommensurate. Another possible magnetic structure, related to
the spiral phase, has the magnetic vector rotating around an axis, as in the spiral,
but with the axis tilted relative to the hexagonal axis. Yet another possible variant
of this structure has the magnetic vector tilted away from the hexagonal axis and
confined to a plane. The angle of tilt in the plane then varies with atomic-
position along the hexagonal axis. This is known as a fan phase and, like the
others, may be incommensurate. In general, the periodicity of these magnetic
structures depends on parameters such as temperature and applied magnetic field.

More recently, interest has centered on variants of these magnetic structures in
which the periodicity of the magnetic structure becomes a simple fraction of the
periodicity of the atomic structure and also becomes independent of temperature for
a significant temperature range (typically 5 K). These structures are known as
"lock-ins" and in erbium, Tractions 2/7, 5/19, 4/15, among others, have been found
to occur. Another variant magnetic structure is a distortion of the spiral phase.
The magnetic vector does not quite rotate monotonically around the hexagonal axis,
but, in the basal plane, is somewhat preferentially aligned closer to an a-axis, so
that the vectors in adjacent planes appear bunched together. This is known as a
"spin-slip" phase.
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These exotic magnetic structures are caused by competition between the long-range
exchange forces between the magnetic moments, the coupling of the magnetic
structure to the atomic structure and the axial and hexagonal crystal fields. The
functional forms for all these interactions are thought to be known and so it is
believed that the existence of these magnetic structures can be understood. But a
detailed theory remains to be developed. Neutron scattering measurements are a
powerful means for investigating the magnetic structures and some recent results for
erbium are reported in 2.5.2.2.

2.4 SUMMARIES

Conferences

The "Fall" Symposium of the Condensed Matter Physics Division of the Canadian
Association of Physicists had the theme "New Trends in Neutron Scattering" and
was hosted by AECL Research immediately following the DUALSPEC opening
ceremonies.

Condensed Matter Science

Neutron diffraction was used to obtain the pair correlation function for pumice, an
aluminosilicate similar to the zeolites and shown to be amorphous (2.5.2.1).
Diffraction measurements have also been made to map out the very complex phase
diagram of Er as a function of magnetic field (2.5.2.2) and to investigate the low
temperature structure of the actinide UPd3 (2.5.2.3).

Analysis of data from dipalmitoylphosphotidylcholine (DPPC) membranes contairng
tetrahydrocannabinol (THC) suggests that 12 water molecules can penetrate j.ito the
head-group region with THC present (2.5.2.4). Small angle neutron scattering from
myoglobin in solution suggests that the structural changes are due to reorientation
of a-helices near the terminations of the polypeptide chains (2.5.2.5).

A phenomenological theory developed to describe the observed spin-wave frequency
gap in Mnn.82Cun.i8 supports the view that the magnetism of Mn is more like that
of Fe than that of the itinerant electron metal Cr (2.5.2.6).

The Haldane gap measured in RbNiCl3 has been found to be much larger than in
CsNiCl3 (2.5.2.7). The reason for this is not known.

A theory has been developed to study the macroscopic properties of fluids by
means of certain of the microscopic excitations. Success is claimed when the wave
number in neutron scattering is equivalent to the diameter of fluid particles
(2.5.2.8). The dramatic effect of detailed balance in the interpretation of neutron
scattering data was illustrated by results from liquid helium (2.5.2.9).
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It has been shown that use of the grand potential has been incorrectly applied i; :
calculations of defect concentrations in ordered alloys in the literature. A corrected
theory leads to improved experimental fits (2.5.2.10).

Applied Neutron Diffraction

SANS measurements established the existence of voids in polyethylene insulai;••"-.
suffering electrical breakdown (2.5.4.1). Similar measurements where shown to ,.;.
an effective probe of material "age", if very small Q-values can be accessed
(2.5.4.2).

Measurements of texture by neutron diffraction and by an ultrasonic wave technique-
have been intercompared (2.5.4.3). Texture measurements were also made on an
extruded rod of Al-13%SiC composite (2.5.4.4), Zr-2.5%Nb swaged rods (2.5.4.5), ;,
Zr-l%Nb rolled plate (2.5.4.6) and in the fusion zones of welds (2.5.4.7).

Improved software was developed to display, in colour, pole figures and crystal ii-;:
distribution functions thus aiding the understanding and interpretation of the <.:;;•. .
(2.5.4.8).

Multiple scattering effects were investigated in residual stress measuremen s bin w;i;
inconclusive results because of poor statistics (2.5.4.9).

Strain measurements on proof steel, Inconel and stainless steel were analyzed i;
terms of the Kroner model of elasticity (2.5.4.10) and software was developed .;
calculate constants for this model (2.5.4.11).

Calculations have been made of the corrections necessary for neutron measurement
of near surface strain to be reliable (2.5.4.12).

Neutrino Physics

It was confirmed that photon losses in the Schott glass to be used for the PMTV
(Photo Multiplier Tubes) were negligible (2.5.5.1).

The effect of the acrylic vessel on the light collection for the Sudbury Neutrino
Observatory (SNO) has been studied. A vessel under tension was found to absorb
less light than one under compression, but light attenuation in the vessel wall c.i:;
result in ambiguity in the apparent position of events generated near the. v.a!
(2.5.5.2).

Trace analysis for Th and U radioactivity in acrylic materials for possible vessel
fabrication has been made by a-spectroscopy, mass spectroscopy and neutron
activation analysis (2.5.5.3).
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Calculations were made of the heat transfer through submerged pipes in the SNO
cavity. It was found that polyvinylchloride (PVC) piping was preferable to that of
stainless steel (2.5.5.4).

Accelerator Technology

Improved expressions for the relation between electron energy and range in a water
medium and an aluminum medium have led to consistency with the data measured
by the IMPELA and PHELA accelerators (2.5.6.1).

Effective thick target cross-sections have been evaluated for neutron production
reactions in Li and Be (2.5.6.2).

2.5 INDIVIDUAL REPORTS

2.5.1 Conferences /Workshops

2.5.1.1 DUALSPEC Opening

DUALSPEC, the dual beam neutron spectrometer recently constructed at the NRU
reactor, Chalk River, was officially opened on 22nd February in a ceremony at
Chalk River Laboratories. DUALSPEC has been funded jointly by the Natural
Sciences and Engineering Research Council of Canada (NSERC) through McMaster
University and by AECL Research. The ceremony was attended by the scientists
and technical staff who will use the instrument, by the designers and tradespeople
who built it and by many collaborators and guests - about 100 people in all.
Following welcoming remarks by G. Dolling, talks were given by R.A. Cowley
(Oxford) on "A World View of Neutron Scattering", by R.L. Armstrong (President,
New Brunswick) on "A Canadian View of Neutron Scattering" and by M.F. Collins
(McMaster) speaking on "University Programs with DUALSPEC". The presentations
were followed by S.R. Hatcher, P. Morand (President, NSERC) and G. Kenney-
Wallace (President, McMaster University) discussing aspects of the funding and
construction of DUALSPEC as a model for future joint collaboration by NSERC,
the universities and AECL on other science projects. At the NRU Reactor
W.J.L. Buyers then described the unique features of DUALSPEC and introduced
key members of the design and construction team to the party. T.E. Rummery and
G. Kenney-Wallace cut the ceremonial ribbon to officially open DUALSPEC. At a
banquet hosted by AECL Research that evening, H.R. Glyde (Chairman, Canadian
Institute for Neutron Scattering, CINS) introduced J.F. Mustard (Director, Canadian
Institute for Advanced Research) who gave an address on the subject of Innovation
and Wealth in Canada.
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To complement the DUALSPEC Opening, AECL Research hosted a Symposium of
the Division of Condensed Matter Physics (DCMP) of the Canadian Association of
Physicists on 23rd February. The Symposium on "New Trends in Neutron
Scattering" was organized by B.M. Powell for CINS and was attended by over 60
people. The participants were welcomed by M. Harvey and H.R. Glyde (Chairman.
DCMP) introduced the symposium. Morning and afternoon sessions were chaired
by B.M. Powell and M.A. White (Dalhousie) respectively. Review talks were given
by J.M. Rowe (NIST) and J.K. Kjems (Ris0), who discussed future trends, facilities
and opportunities in neutron scattering. Particular scientific topics of interest to
neutron scattering were addressed by R. Pynn (Los Alamos), S.M. Shapiro
(Brookhaven), G. Shirane (Brookhaven), B.D. Gaulin (McMaster), E.C. Svensson
(Chalk River) and A. Griffin (Toronto).

2.5.1.2 Workshop on Neutron Powder Diffraction

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

A Workshop on Neutron Powder Diffraction was held at Chalk River Laboratories
May 30-31. Organized by B.M. Powell and B.H. Torrie, financial support was
provided by AECL Research, the Canadian Institute for Neutron Scattering and by
NSERC. The objective of the Workshop was to introduce the technique of powder
profile refinement to scientists who are interested in utilizing it in their research,
but are unfamiliar with its detailed application. A particular refinement code,
GSAS, developed at Los Alamos National Laboratory, was used to demonstrate the
application of the method. Guest lecturers were A.K. Cheetham (Oxford),
R.B. Von Dreele (Los Alamos), E. Prince (NIST) and V.G. Young (Iowa State).
The format for the Workshop had formal lectures each morning, with "hands-on"
refinement of test data sets utilizing GSAS each afternoon. A total of 35 scientists
from university and industry participated in the Workshop.

2.5.1.3 Lecture Series on The Art of Neutron Scattering

W.J.L. Buyers

A lecture series on the Art of Neutron scattering was held at Chalk River
Laboratories, 1991 June 10-14. Its objective was to introduce the applications and
capabilities of neutron scattering methods to graduate students and faculty who are
interested in utilizing the technique in their research. Lectures on all features of
neutron scattering, including several on the technical details of neutron
spectrometers and ancillary equipment were given by members of the Condensed
Matter Physics group together with M.F. Collins and B.D. Gaulin (McMaster) and
I. Affleck (UBC). The series ended with several students making brief
presentations describing their research project. A total of 10 students attended the
lecture series.
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2.5.2 Condensed Matter Science

2.5.2.1 Structure of Pumice by Neutron Diffraction

E.C. Svensson and J.H. Root with M.A. Floriano. D. Duca,
S. Giuliano, A.M. Venezia and G. Deganello (Universita di Palermo)

Previously, we gave a preliminary account of neutron diffraction measurements on
pumice and pumice supported catalysts (PR-PHY-1:2.5.5; AECL-10332). We have
since used these neutron diffraction results, in conjunction with results from other
techniques, to determine the structure of the pumice support. Its chemical
composition suggests that pumice is an aluminosilicate and, in fact, it is very similar
to many zeolites. X-ray photoelectron spectroscopy and magic-angle-spinning nuclear
magnetic resonance indicate that it is composed of a disordered network of SiC>4
units in which some of the Si atoms are replaced by Al. Our x-ray and neutron
diffraction measurements both indicate that pumice is an amorphous substance.

Our neutron diffraction results have been analyzed to obtain the static structure
factor, S(Q). S(Q) is then Fourier transformed to obtain the pair correlation
function, g(r), which is shown in Fig. 2.5.2.1. The pattern is clearly that of an
amorphous material. The two most prominent peaks in g(r) occur at 1.65 and
2.71 A. It is known from previous work that the Si-O distance in zeolites is about
1.63 A, somewhat less than the sum of the ionic radii (1.71 A). We can thus
attribute the peak at 1.65 A to Si-O. The peak at 2.71 A can similarly be
attributed to Si-Si since it is known that the Si-Si distance in a tetrahedral
environment is typically 2.7-2.8 A. The identification of the other features in g(r)
is uncertain at present but we note that there is a rapid loss structure with
increasing r. The analysis is continuing.

2.5.2.2 Magnetic Phase Diagram of Erbium

T.M. Holden and W. Wei with H. Lin and M.F. Collins
(McMaster University)

In the previous progress report (PR-PHY-1:2.4.25; AECL-10332) we presented the
experimental details and preliminary data that showed the existence of a new field-
induced lock-in cone phase for erbium. We have now analyzed the data to give
the full magnetic phase diagram for fields up to 2.8 T along the c axis.

Figure 2.5.2.2 shows the magnetic phase diagram of erbium. There are three major
ordered phases (Cable et al., Phys. Rev. A 140 (1965), 1896): the cone phase, the
spin-slip phase and the c modulated phase. We have mapped out the boundaries
between these phases. Within the phases there are lock-ins at commensurate values



2-10

0

Fig. 2.5.2.1 g(r) for pumice

of the ordering wave vector q. There is a locked-in cone phase in a field with
q = 1/4 at temperatures between 34 and 39 K. We have also shown that there
are extensive lock-in regions for q = 2/7 in a field for both the spin-slip and c-
modulated phases. The effect of the field on the set of lock-in phases in zero
field is shown in the figure.

2.5.2.3 Low Temperature Magnetic Structure of UPd3

S.M. Kim and W.J.L. Buyers

The actinide compound UPd3 is known to undergo two phase transitions at low
temperatures (PR-PHS-P-9:6.13; AECL-10196). The first transition at 7.1 K is
structural and the second transition at 6.2 K is now known to be a magnetic-
transition (K.A. McEwan et al., Physica B 163 (1990), 371). Attempts have been
made to determine the spin orientation of the uranium atoms in UPd3 in the low
temperature antiferromagnetic phase. The hexagonal symmetry of the lattice allows
only three possible orientations for the spins along (100), (210) or (001) directions.
All likely combinations of allowed spin orientations of uranium atoms in UPd3 have
been investigated. It is found that the absence of satellite peaks at (0.5, 0, 77)
in = 0, 1, 2, 4, 6) can be accounted for with a mode), in which the spins of
uranium atoms in the lower two layers of the hexagonal unit cell point in the same
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direction, and the spins of the uranium atoms in the upper two layers point in the
opposite direction to that in the lower layers. However, the observed wave vector
dependence of satellite peak intensities at other reciprocal lattice positions cannot
be satisfactorily explained.

— A W^f tv\ WW\—A" ' w-——• > « 9-* 1

10 20 30 40 50 60 70 80 90 100
TEMPERATURE (K)

Fig. 2.5.2.2 Magnetic phase diagram with applied field along the c-axis. The full
circles are measurements of the phase transition temperatures and crosses are
experimental points corresponding to lock-ins. Solid curves are boundaries between
phases drawn as a guide to the eye. The dashed curves are boundaries between
commensurate and incommensurate phases and dash-dot corresponds to boundaries
which have not yet been accurately determined.

2.5.2.4 Analysis of Diffraction From Phospholipid Membranes
Containing Deuterium Labels

P. Martel

Further analysis has been carried out on measurements (PR-PHY-1;2.5.27; AECL-
10332) on dipalmitoylphosphatidylcholine (DPPC) membranes containing 8.4 wt%
tetra'nydrocannabinol (THC). The previous analysis was based on difference Fourier
calculations of ordered membranes in a light water environment (37% relative
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humidity at 45 C). These Difference-Fouriers indicated the location of THC in the
headgroup region of the membrane by subtraction of the fourier scattering lenir"!
densify profile of an unlabelled sample from one that was labelled by substitute••••
of deuterons for protons at the 10a position of THC. Other diffract;;;-.
measurements were also carried out with heavy water present at 50 and 100 mn!
percent, but these were merely used to obtain the phases of the various diffractr;;
orders observed with only light water present. The 50% and 100% heavy wa'e;
specirnens can also be used to produce difference fouriers, although these are rar^y
reporled on in the literature. This supplementary analysis resulted in the following:

(1) When a strip-model calculation is carried out, the apparent widths of fV
headgroup and alkyl regions vary linearly with H2O percentage. ex-

1 2changing from pure 1H2O to pure 2H2O, the headgroup widths increase by
20% while the alkyl widths decrease by 14%. These changes are the same
in either labelled or unlabelled samples.

(2) On changing from pure H2O to pure H2O, the neutron scattering len.jh
density (pH) in the headgroup strip increases by the same amount in both t1-. .•
labelled or unlabelled samples.

These two results are interpreted as indicating that the presence of an extra
deuteron is not detectable against the high p^ which results when "HoO enters :":v
headgroup region. This conclusion is in accord with the value, -1.2, for the niti-
of the labelled to unlabelled p^s for the two samples in 1H2O. This ratio indicate
that at least 12 water molecules penetrate the headgroup region with THC preset:
in the membrane at a 8.4 wt% level. Penetration of water near a THC molecule
may facilitate interactions between THC and its receptor in neural membranes.

2.5.2.5 Small Angle Scattering From Myoglobin in Solution

P. Martel with P. Calmettes (Laboratoire L6on Brillouin),
J.-M. Glandieres, C. Zentz and B. Alpert (Univ. de Paris, Jussieu)

Small angle neutron scattering (SANS) measurements on horse myoglobin were
carried out on the PACE spectrometer at the Laboratoire L6on Brillouin, Saclay.
and have been analyzed recently by P. Martel at Chalk River. The objective ot
these experiments was to study structural effects due to the addition of cosolvents
such as ethanol to aqueous solutions of myoglobin. In order to fit different modeN
to the data reliably, it was necessary to make careful measurements in the high-0
range, 0.12 < Q < 0.32 A"1, where the neutron momentum transfer, O --
(4700-sinfl, with x the neutron wavelength and 2e the scattering angle.

At small Q-values the scattering from particles in solution gives no information cr.
details of the particle shape and is specified by a dimensional parameter, R r the
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radius of gyration (A. Guinier and G. Fournet, Small Angle Scattering of X-rays
(1955), John Wiley, New York). Reliable values of Rg are obtained only at low
concentrations (less than ~7g protein/liter water), because high concentrations lead
to interference effects in the low-Q range (P. Martel, T.M. Stepanik, and A.G.
Szabo, Analytical Biochem. 186 (1990), 350). For Q-values greater than 1/Rg

(-0.07 A for myoglobin) interference effects are very small. In view of these
facts our strategy was to obtain Rg from low-Q measurements at a low myoglobin
concentration of 6 g/1 and to make high-Q measurements with better statistics at a
high concentration of 21 g/1. In the model fitting, the parameters were constrained
to be consistent with values of the Rg obtained from the low-Q data.

For the low-Q measurements, x = 5.03 A and for the high-Q measurements, x =
3.96 A. All measurements were carried out at 4 C with the samples in quartz
cuvettes. The samples were H2O solutions of pure myoglobin (Mb), myoglobin
with 3.4 mol% deuterated ethanol (Mb + ETOD) and myoglobin with 12.0 mol%
undeuterated formamide (Mb + FORM). Analysis yielded Rg values of 14.52 ±
0.10, 14.97 ± 0.10 and 14.52 ± 0.13 A for Mb, (Mb + ETOD) and (Mb +
FORM) respectively. The results on pure aqueous solutions were in good
agreement with previous measurements on sperm whale myoglobin in H2O (K. Ibel,
and H.B. Stuhrmann, J. Mol. Biol. 93 (1975), 255).

The fitting procedure has been described previously (P. Martel, S.M. Kim and
B.M. Powell, Biophys. J. 31 (1980), 371).

Figure 2.5.2.5 shows high-Q results for Mb that are typical of all three samples.
The experimental error bars are smaller than the data points. Of the various
model fits attempted, that of a general ellipsoid was found to fit the data best.
The fits for an ellipsoid of revolution (solid line) and a general ellipsoid (dashed
line) are show in Figure 2.5.2.5. The semi-axes of these ellipsoids are designated
as a, b, c. There is a break in the data at Q = 0.22 A"1 in order to bring the
higher-Q results to an appropriate scale (the scale on the right hand side).

Below Q = 0.22 A , the fits with the two models coincide. The arrows labelled a
and n indicate the limiting values of the data used in the final fitting runs. Above
n it may be seen that even the general ellipsoid model diverges from the data
points. This comes about at higher-Q values because the data are becoming
sensitive to details of the structure, such as a-helices (which form over 80% of the
secondary structure).

The results of the final fitting runs are presented in Table 2.5.2.5. It may be seen
from the table that the addition of both cosolvents tends to decrease a while
increasing b. In the case of the (Mb + ETOD) specimen, c increases slightly. It
should be noted that the results quoted in Table 2.5.2.5 are low resolution results
and they are only indicators of gross changes in structure. An interesting feature
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of these results is that the volume (= (4/3)7rabc) of the myogiobin molecule seems
to be more compact in formamide solution.

Other measurements have also been carried out by means of circular dichroism.
FTIR (Fourier transform infrared absorption), and tritium exchange. The dichroism
measurements in the soret region indicated no change in molecular structure near
the heme group. The FTIR measurements indicated changes in tertiary structure
compatible with the SANS measurements. These structural changes have been
ascribed to reorientation of a-helices in the terminal regions of the polypeptide
chain. The absence of strong changes in tritium exchange measurements has been
interpreted as an indication that the a-helices themselves are not drastically altered,
but merely reoriented by the action of the cosolvents.

Table 2.5.2.5
Results of the final fits to the data as described in the text

Sample a(A) b(A) c(A) (4/3>abc
(104 A3)

Mb (pure) 10.8 ± 0.1 16.8 ± 0.1 25.6 ± 0.1 1.95 ± 0.03 1.30

(Mb + ETOD) 9.8 ± 0.2 17.7 ± 0.5 26.7 ± 0.3 1.94 ± 0.13 2.72

(Mb + FORM) 9.2 ± 0.3 18.4 ± 0.5 25.1 ± 0.3 1.78 ± 0.13 1.52
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Fig. 2.5.2.5 Typical high-Q neutron small angle scattering results on horse
myoglobin in 2H2O solution. The range of the final fits to the data is denoted by
the down arrows labelled a and a. Ellipsoidal semi-axes parameters are denoted as
a, b and c. A model assuming a general ellipsoid with a * b t c is clearly
superior to one that assumes an ellipsoid of revolution. Other models such as
spheres were even less adequate.
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2.5.2.6 Spin-Wave Measurements in Mnr)82

T.M. Holden with K. Mikke (Institute of Nuclear Research,
Poland), E. Fawcett (University of Toronto), and
J. Fernandez-Baca (Oak Ridge National Laboratory)

Measurements of the spin-wave excitations in a single domain sample of the
antiferromagnetic face-centered tetragonal alloy Mno.82Cuo.i8were carried out at the
HFIR Reactor at the Oak Ridge National Laboratory. The sample was aligned in
the (HO) plane permitting access to the (001), (110) and (112) magnetic reciprocal
lattice points of the type I antiferromagnetic structure. The temperature of the
sample was maintained at 10 K. The spectrometer was set up with a Be (0002)
monochromator and a Ge (111) analyzer to suppress second order wavelength
contamination. The majority of the measurements were made at a fixed scattered
frequency E' = 8.47 THz and variable incident frequencies. However the
measurement of the spin-wave frequency gap at q = 0 was made with
E' = 4.0 THz to resolve the spin-wave scattering from the elastic scattering.

The spin-wave gap was found to be 1.89 ± 0.05 THz and the characteristically high
spin-wave velocity for Mn alloys was found to be 54.1 + 0.9 THz A for
propagation along the [001] direction. There appears to be an anisotropy in the
velocity of propagation with a smaller velocity 51.1 ± 0.5 THz A measured along
the [110] direction, while for the [111] direction the velocity is 54.1 ± 2.4 THz A.
This is the first time an anisotropy has been observed for Mn alloys. The spin-
waves also show intrinsic lifetime effects which were described in terms of a
lifetime that increases linearly with wavevector, r = r^ q + r0, where r is the
broadening appearing in a damped harmonic oscillator Iineshape. The results for
the [001] direction for an energy range from 5-17.5 THz were consistently described
by a parameter Tj = 2.5 +_ 1 THz. Without a line broadening the experiment;:!
lineshapes were much too strongly peaked.

A phenomenological theory has been developed to describe the spin-wave frequency
gap in terms of magnetoelastic and quadrupole-quadrupole coupling in Mn alloys.
The theory also accounts for the high temperature elastic constant anomalies in the
Mn alloys as well as the tetragonal distortion that occurs at the Neel temperature.
The theory, which is based on a localized model of the Mn ion tends to support
the view that the magnetism of Mn is more like that of Fe, Cu and Ni, (i.e. strong
intra 'atomic' exchange) than the truly itinerant electron material Cr.
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2.5.2.7 Haldane Gap in the Paramagnetic Phase of RbNiCk

Z. Tun with R.M. Nicklow (Oak Ridge National Laboratory)

The Haldane energy gap was observed in the one-dimensional (ID) paramagnetic
phase of RbNiCl3 by a recent inelastic neutron scattering experiment carried out at
Oak Ridge National Laboratory. The gap, which is a triplet excited state above
the singlet ground state of Heisenberg antiferromagnetic (HAFM) chains with
integer spins, arises from many body quantum fluctuations (F. Haldane, Phys. Rev.
Lett. 50 (1983), 1153). It was first found experimentally in the ID phase of
CsNiCl3 (Buyers et al., Phys. Rev. Lett. 56 (1986), 371), a material isostructural to
RbNiClj Both materials are highly isotropic Heisenberg antiferromagnets with
weakly interacting spin-1 Ni chains. Because of weak inter-chain exchange
interactions, a three-dimensional (3D) order develops below the respective Ne'e!
temperatures, TN = 4.4 K for CsNiCl3 and 12 K for RbNiCl3.

The existence of the Haldane gap in the ID phase of RbNiCl3 was expected since
the material manifests a 3D phase magnetic spectrum very similar to that of
CsNiCl3 (Z. Tun et al., Phys. Rev. B 43 (1991), 13331). The temperature
behaviour of the observed gap in RbNiCl3 is consistent with the state being a
triplet. However, its size is much larger than expected. In CsNiCl3 the gap,
measured at 10 K, is 46% of the intra-chain exchange interaction 2J, close to the
estimate, 41% of 23, given by finite-size calculations. The gap in RbNiCl3 however,
measured at 16 K, is 65% of 2J.

We do not know why the gap in RbNiCl3 is much larger than the gap in CsNiCl3.
However, in CsNiCl3 the gap is expected to show an upward renormalization with
temperature. The very large gap in RbNiCl3 may therefore be an extrapolation of
this upward renormalization.

2.5.2.8 Microscopic Particle-like Excitations in Simple Fluids

W. Montfrooij

Neutrons probe density fluctuations in fluids as a function of wavenumber k =
2n/x, where x is the wavelength of the density fluctuation. If x = a, the diameter
of the fluid particles, one observes density excitations that resemble real particles.
By pursuing this resemblance and treating the density excitations (which are
"quasiparticles") as though they are real particles, one can predict the general
behaviour of excitations with x = a.

The halfwidth wn(k = 27t/CT) of S(k,u) for simple fluids, defined by S(k,wH) =
!/2S(k,o), is then given by wn(k = 2n/a) = Ds n a^ 4n2/J 2, with Ds the macroscopic
constant of self-diffusion, n the number density and ô s the effective hard-sphere
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diameter. This relation holds well for simple fluids like Kr, Ar, Ne and He.
Another prediction is that the zero-point energy E(o) for superfluid helium is given
by

E(o) = f

with m the helium mass, er the energy associated with the roton minimum and kr

the position in momentum space. Furthermore, the lambda transition temperature
Tx is then given by

(3/2)kbTA = E(o)/3,

in agreement with neutron scattering data on helium. Thus, it appears :h;r.
macroscopic properties of fluids can be studied by looking at microscopic excitations
with wavelength x = a.

2.5.2.9 Detailed Balance and the Interpretation of Neutron
Scattering Experiments

W. Montfrooij and E.C. Svensson with I.M. de Schepper
(Delft University of Technology, Netherlands)

The dynamic structure factor S(k,w) of a simple system at thermal equilibrium
satisfies the detailed balance condition S(k,-u) = e ' ^ ^ B 7 S(k,w). At low enough
temperatures T, this constraint causes visible asymmetry in the observed S(k.w) and
leads to a shift in resonance frequency (towards higher energy transfers;
proportional to r /T, where r is the linewidth of the excitation (or inverse deca_\
time). At the very low temperatures encountered in superfluid helium, the shift in
resonance frequency due to the variation in linewidth (as a function of k and Ti
completely masks any other subtle changes in peak position due to changing decay
mechanisms. As an illustration of detailed balance induced effects, the dynamic
structure factor of liquid helium at k = 1.926 A"1 (the position of the roton
minimum) is plotted in Figure 2.5.2.9 as a function of temperature T and frequency
V = <d/27T.

At the lowest temperature, IK, Fig. 2.5.2.9 (a), (solid line in the figure) the sharp
roton resonance is observed. This gradually diminishes in intensity (open squares
1.97 K, crosses 2.07 K, closed squares 2.15 K) until just above the superfluid
transition (dashed line; 2.27 K) a broad feature is observed, still peaked at about
the same frequency. However, if we extract the detailed balance factor (i.e. b\
multiplying the spectrum with exp(-hw/2k3T)), a very different picture emerges
(Fig. 2.5.2.9 (b)); arrow 1 K; solid line 1.97 K; dotted line 2.07 K; dashed-dotted
line 2.15 K; dashed line 2.27 K). The sharp roton resonance is now seen to
diminish until it vanishes completely at the superfluid transition, but the intensity is
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shifted towards a central self-diffusive-like mode at v = 0, which is a common
feature of simple classical liquids.

d

0)

(a)

(b)

0.0 • O'.l ' 0'.2 '

Fig. 2.5.2.9

2.5.2.10 Embedded Atom Method and Vacancy Concentrations in

S.M. Kim

Recently Foiles and Daw (J. Mater. Res. 2 (1987), 5) have applied the highly
successful embedded atom method of Daw and Baskes (Phys. Rev. Lett. 50 (1983),
1285) to calculate vacancy concentrations in Ni3Al. More recently, Shoemaker et al.
(J. Mater. Res. 6 (1991), 473) also applied the embedded atom method in
calculating vacancy concentrations in CuTi and CuTi2- In these calculations the
vacancy and antistructure atom (atoms on the wrong sublattice) concentrations were
obtained by minimizing the grand potential with respect to various defect
concentrations. We have examined these calculations in detail and found that there
are serious faults in the theoretical formulation adapted by Foiles and Daw as well
as Shoemaker et al.
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It can be shown that the method used by Foiles and Daw leads to a vacancy
concentration on the Al sublattice of greater than 4 x 10" and, simultaneously, to a
value less than 3 x 10"10 for stoichiometric N^Al at 1000 K. The method used by
Foiles and Daw can also be shown to give the Al antistructure atom concentration
on the Ni sublattice as 50%, which is greater than the total Ai atom concentraticr;
in Ni3AJ. Thus the grand potential method, which does not conserve the number
of atoms, is not suitable for calculations of defect concentrations in ordered alloys.

Once the various defect energies as well as the cohesive energy are known from
the embedded atom method, it is possible to write down the free energy
corresponding to a fixed number of A and B atoms, and calculate the vacancy
concentrations correctly. This has been done, and we find for stoichiometric Ni-,A1
at 1000 C a vacancy concentration of 1.1 x 10 and a nearly temperature
independent formation energy of 1.50 eV. This is in good agreement with the
value, 1.6 ± 0.2 eV, observed experimentally by the positron annihilation technique.

2.5.2.11 Asymmetry of Low Angle Peaks in Neutron Powder Diffraction

P. Martel

It is w ^ known in neutron powder diffraction that at low and high scattering
angles the finite height of the detectors can distort the peak profile from its usual
gaussian shape and produce apparent shifts in peak position. The result is an
asymmetric peak response and an apparent decreased value for the diffraction peak
at small diffraction angles. The effect can be reduced by decreasing the effective
detector height, or, a correction can be applied by calculations based on ;he
spectrometer geometry (B. Van Laar and W.B. Yelon, J. Appl. Cryst. I? (1984).
47),

The theory given by Van Laar and Yelon has been incorporated into a computer
program to take account of the effects due to finite detector height of a powder
diffractometer. For these calculations a vertical detector height of 12 cm was
assumed and the detector bank was assumed to lie on a circle with radius 145 cm.
Assuming a specimen height of 4.0 cm, results are shown in Fig. 2.5.2.11. Nen-
2e = 5 (upper plot) peak asymmetry is obvious and the peak maximum is
displaced about 0.15 from the true scattering angle position indicated by the arrow.
Near 2e = 45 (middle plot), the peak response is very nearly gaussian but the
peak maximum is still displaced downward by -0.02 . At about 2e = 90 (bottom
plot) the peak response is gaussian and centered on the correct value.

Incorporation of this correction into the analysis software of the DUALSPEC
powder diffractometer will permit reliable measurements of diffraction peaks at low
angles.
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2.5.2.12 Growth of Single Crystals for Inelastic Neutron Scattering
Experiments in Biclopical Physics

P. Martel

An attempt has been made to grow single crystals of a complex of 1-methylthymine
and 9-methyladenine (AT). The procedure involves slow cooling and evaporation of
equimoJar aqueous solutions of these DNA base derivatives. Large crystals (5 mm
x 5 L?m x 20 mm prisms) of 9-methyladenine were previously grown by this
procedure. Inelastic neutron scattering measurements on these (P. Martel et al.,
Phys. Rev. A 4 (1990), 7006) provided insight into the nature of stacking forces in
long stretches of polyadenine, known to terminate certain messenger RNA
sequences. Besides providing additional information on stacking forces, AT crystals
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would also have the virtue of providing a measure of the strength of hydrogen-
bonding forces in regions of DNA that are rich in adenine and its complementary
base, thymine.

To date the largest crystals of AT that have been grown are -0.2 mm x 1 mm x 3
mm. These are too small for inelastic scattering measurements on present-day
reactors, but will serve as seed crystals in renewed attempts to produce a usable
specimen.

2.5.3 Instrumentation

2.5.3.1 Spectrometer Control System

M.M. Potter with G.H. Keech and Y. Adam (Mathematics and
Computation Branch), R. Donaberger and F. Chen (McMaster University)

The operating systems and layered products on the three MicroVAX computers that
are an integral part of the spectrometer computer network have been upgraded to
the current version and DecWindows has been installed. DecWindows supports the
Xwindow terminals that were purchased from Network Computing Devices.

A WAIT command has been added to the spectrometer control program. It allows
the user to specify a time period for the control program to wait after the
temperature has reached its set point value before the spectrometer starts to collect
data. This allows the specimen to reach an equilibrium temperature before data
are collected. Once activated the wait is active for all succeeding scans in the
current data file.

PEKFIT, a program that fits a set of measured peaks from a standard powder
sample to determine the neutron wavelength and the zero of the scattering angle,
has been written. The input consists of the powder name and a set of the Debye-
Sherrer lines and measured peak positions. The output includes the observed and
calculated peak positions, the wavelength, the zero and associated standard errors.

The first version of a curve fitting program that allows a user selectable
combination of functions including gaussian, lorentzian, background and user written
functions has been completed. Six functions with 18 parameters, either fixed or
varying are permitted. The input data can be any linear combination of
spectrometer scans. Perturbations to the previous fit are supported. An undo
feature, that permits the user to backup, is active while entering initial values for
the fit. The raw data and fit curve are displayed on the terminal and a hardcopy
can be generated on the LN03 laser printer. The fitted data and the fit
parameters are stored in output files.
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2.5.3.2 DUALSPEC Wedge Design

M.M. Potter and L. McEwan with P. Adams (Mechanical Equipment
Development Branch)

The wedge transfer mechanism on the DUALSPEC spectrometers has been
redesigned. In the original design the lead screw that propels the wedges laterally,
moved vertically with the mechanism that engages the wedge to be transferred. In
the new design the lead screw does not make this vertical motion, but is fixed at
both ends. This modification permits a larger diameter motor which has five times
the torque and can be operated at twice the speed of the motor used on the
original design. In addition, the shaft that supports the mechanism to engage the
wedge was replaced with a spline shaft and a ball race. The new shaft can
transfer higher torques making the contact between the transfer mechanism and the
wedge more positive.

2.5.3.3 Single Bent Focussing Monochromator

G.A. Sims, L.E. McEwan, H.C. Spenceley, H.F. Nieman and
W.J.L. Buyers

The construction of the variable radius vertically bent, focussing monochromator is
complete and the device operates as specified. The seven silicon crystals comprising
the monochromator were individually adjusted using the neutron beam at the E-13
facility at NRX, such that the [111] reflecting faces form a single composite
monochromator. Photographic tests using a polaroid neutron camera verified the
focussing capabilities of the unit.

The. seven single crystal silicon slabs can be independently oriented in two directions
for precise alignment. Each slab is 1.27 cm high x 12.7 cm long x 1.98 cm thick
with 0.1 cm gap between crystals.

The crystal curvature mechanism consists of a single multi-start threaded shaft.
Driven by this shaft are seven threaded pinion wire adjusters which in turn transmit
the curving action to seven yoke assemblies on which the crystals are mounted.
Two micro-motors with shaft encoders drive the curvature and tilt mechanisms to
the crystal units.

Operating tests will be conducted upon start-up of NRU.
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2.5.3.4 Reactor Beam Hole Use

H.F. Nieman

The total NRU operating time was 5-1/2 days. Utilization of the occupied beam
holes was as follows:

Beam
Hole

E3
L3
N5
T3

2.5.3.5

No. of
Experiments

1
1
1
0

AECL Cold

No. of
Participating
CRL
Scientists

2
2
1
0

Neutron Source

No. of
Participating
Non-CRL
Scientists

3
1
1
0

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

100%
100%
100%
0%

E.C. Svensson and W.J.L. Buyers with V.F. Sears (Theoretical
Physics Branch), J.A. Hulbert (Accelerator Physics Branch),
P.M. Brewster (Reactor Physics Branch), W. Mellors (Mechanical
Equipment Development Branch), N.D. MacDonald and H. Graper
(Project Management Branch), Y. Zeng (Safety and Reliability
Analysis Branch), and D.W. Patterson, R.W. Farquhar, C. Sabanski
and C. Chung (Design and Engineering Branch)

Further neutronics modelling and neutron-capture heating calculations for the three
chamber concepts discussed earlier (see PR-PHS-P-8:6.2; AECL-10102 and PR-PHS-
P-9:6.4; AECL-10196) were carried out using the MCNP (Monte Carlo Neutron
Photon) code. For these calculations, a new thermal library was prepared to allow
mixtures of ortho and para states of both liquid H2 and liquid D2 (at 20 K), and
several other refinements were made to improve efficiency and reliability. The
calculations showed virtually no dependence on "shape" for liquid H2 sources of
equal thickness, the slab-disc and cross-arch chambers giving virtually identical gains
in cold-neutron intensity. Integrating over the neutron energy range E < 10 meV,
the gain, with respect to a large oval can filled with D2O at 314 K, is a factor of
7 for the liquid H2 sources. For the same oval can filled with liquid D2, the gain
is a factor of 6 but this could be improved substantially by adding H2 to the D2.



2-25

For an H2 source, the optimum thickness is found to depend critically on the ortho-
to-para ratio. At the present time, the slab-disc liquid H2 chamber, which gives a
low "hydrogen" inventory and the smallest heat load while being reasonably simple
to manufacture, is the preferred option. A (conservative) estimate of the effect of
voiding of the liquid H2 in the cold source on the "reactivity" of NRU was made
using the 3D COMA model of NRU. It was found to be <1.6 mK, sufficiently
small that this is not a significant factor in determining the optimum design of the
cold source chamber or a potential problem for reactor control.

As the first step in the licensing process, a Notification Document (Y. Zeng,
Memorandum to J.P. Mislan, Notification of a Proposed CRL Cold Neutron Source,
NSAC 75-30, 1991 January 28) was presented to the Nuclear Safety Advisory
Committee (NSAC) and discussed at the NSAC meeting 1991 February 20-21. This
document was reviewed and accepted by NSAC.

To assist in visualizing the behaviour in a two-phase (liquid + gas) hydrogen
system with thermosiphon operation, an air plus water working model of a cold
source cryostat was constructed. It allows study over a wide range of
flow/evaporation rates and can be used to test the results of thermal hydraulics
calculations.

An outstanding effort by the design group at Whiteshell Laboratories has led to
near completion of a conceptual design for a cold source for NRU, including all
the in-pile and out-of-pile equipment, insertion and removal equipment, process
systems, instrumentation and control systems and engineering cost estimates.
Although funding constraints have recently forced a suspension of work on the cold
source project, the conceptual design drawings and documentation we now have in
hand, as well as the results from the neutronics calculations and safety analysis, will
allow a rapid resumption of this project, which will greatly enhance neutron
scattering research in Canada, when AECL Research decides that it should proceed,
either for NRU or its successor.

2.5.4 Applied Neutron Diffraction

2.5.4.1 Proof of the Existence of Voids in Polyethylene Insulator Material

J.H. Root with S. Spooner (Oak Ridge National Laboratory)

Small-angle neutron scattering measurements on D20-soaked polyethylene were made
with the 30 m SANS camera at Oak Ridge National Laboratories. The aim was
to extend the range of data collected by the T3 SANS instrument at Chalk River
Laboratories.



2-26

The polyethylene samples were obtained from Hydro Qu6bec as part of its
investigation of insulator breakdown in high electric fields and conditions of freezing
and thawing of water. There was a need to establish unambiguously the presence
of voids in the material. Small-angle neutron scattering from voids in a matrix of
polyethylene is very weak because of the low contrast in the scattering length
densities. However, filling the voids with D2O by soaking the material for 200 days
made a high-contrast situation. In Figure 2.5.4.1 we show plots of the small-angle
scattering from dry and soaked polyethylene samples obtained from adjacent
positions on a sheet. The clear increase in scattered intensity proves that voids
were filled in the soaking process. Since the voids had a length scale of about
60 nm, the Q-range of interest for this experiment was outside the present range of
the CRL instrument.

c

DRY UNAQED 56(2) nm
UNAGED 62(1) nm

e 4 e

10s x Q2(nm'2)
10

Fig. 2.5.4.1
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2.5.4.2 Small Angle Scattering from Plastically Deformed Copper

J.H. Root with S. Spooner (Oak Ridge National Laboratory)

Plastically deformed copper samples with 0%, 5%, 10%, 15% and 20% of
permanent strain were obtained from the Reactor Materials Research Branch to
establish the effectiveness of small angle scattering (SANS) as a probe of material
"age". Measurements with T3 indicated the appearance of substantial small-angle
scattering at low strain which decreased at higher strain. Measurements with the
ORNL 30-m SANS camera indicated a monotonic reduction of intensity with strain
for all Q values. The inconsistency is ascribed to electronic drift in the T3
detector system. The Q-range of the scattering extended from 0.2 nm to a value
beyond the limit of the ORNL instrument (0.03 nm"1). The lower Q limit of the
T3 instrument is currently 0.2 nm .

2.5.4.3 Neutron Diffraction Verification of a Texture Analysis Technique
For hep Materials Based on Ultrasonic Wave Scattering

J.H. Root with Jean Bussiere (IMRI, Boucherville, Quebec) and
D. Juul Jensen (Rise National Laboratories)

For many industrial applications it is sufficient to characterize the texture of a
material by a low-order expansion of harmonic functions. The elastic response of a
material involves only functions up to the fourth order in 1, where the orientation
distribution function, w, is given by

Lmax 1 1 -
2 2 2 W Z (0 ) e
1=0 m=-l n = - l lmn lmn

Zlmn(e) is a generalized harmonic function and 0, e and <t> are the first, second and
third Euler angles that describe the orientation of a crystallite-fixed coordinate
system with respect to a sample-fixed coordinate system. The coefficients W^M up
to 1 = 4 can, in principle, be determined from measurement of scattered ultrasonic
waves. Likewise, they may be directly obtained by inversion of neutron diffraction
pole figure data. Until now, ultrasonic methods have not been successful in
application to materials with hexagonal close-packed (hep) crystallographic symmetry.

However a comparison between the W ^ coefficients determined from analysis of
Rayleigh-scattered ultrasonic waves on four different samples of Zr-2.5%Nb are in
excellent agreement (generally within the stated error) with the corresponding
coefficients determined from neutron diffraction. In Fig. 2.5.4.3 we compare the
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basal plane pole figures reconstructed from coefficients, up to 1 = 4, obtained from
one of the specimens, by neutron diffraction and ultrasonic methods.

(0002)
NEUTRON

L RECONSTRUCTION

(0002)
ULTRASONIC

L RECONSTRUCTION

CONTOUR INTERVAL: 0.5 mrd
CONTOUR INTERVAL: 0.5 mrd

Fig. 2.5.4.3

2.5.4.4 Texture in Extruded Rod of Al-13% SiC(p)

J.H. Root with A. Salinas-Rodriguez (Reactor Materials Research
Branch)

The measurement, by x-ray diffraction, of texture in composite materials such as
aluminum reinforced with silicon carbide particulates is difficult because of large
grain size and consequently poor statistical representation of volume fractions of
grains with given orientation. A sample of Al-13% SiC(p), having yielded erratically
varying texture coefficients by x-ray diffraction analysis, was examined by neutron
diffraction at Rise National Laboratory. Although the rod-shaped sample had been
reduced in diameter by a factor of 3 during extrusion, the expected strong <110>
fibre texture in the aluminum matrix was not observed. Instead, a weak <110>
fibre texture was superimposed on a random background. One explanation for this
may be that the dominant factor in the texture evolution is not the extrusion
process, but the subsequent cooling of the rod. As the aluminum must contract
more than the SiC particles, plastic flow of the metal occurs. There is no
preferred direction for this flow around the particles and there is little of the
matrix material which is beyond the zone of influence of SiC particles. So the
resulting texture is nearly random.
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2.5.4.5 Texture of Swaged Rods

J.H. Root with A. Salinas-Rodriguez (Reactor Materials Research
Branch) and S. Spooner (Oak Ridge National Laboratory)

A series of Zr-2.5%Nb rods were swaged to reductions of 0%, 2.5%, 10.2%, 22.2%,
35.1% and 65.7%, and examined by neutron diffraction on the TAS6 instrument at
Rise National Laboratory. The objectives were to follow the evolution of texture
in this mode of deformation. Calculations are in progress to model the
experimental results as part of the general effort to understand texture development
during the fabrication of CANDU fuel channel components.

2.5.4.6 Texture of Zr-l%Nb

J.H. Root with A. Salinas-Rodriguez (Reactor Materials Research
Branch) and D. Juul Jensen (Rise National Laboratory)

The texture of a sample of Zr-l%Nb rolled plate was determined on TAS6 at Risa
National Laboratory. Like CANDU pressure tubes, the texture of this alloy is
pronounced; however the maximum of the (0002) pole density is well-removed from
the transverse direction (unlike pressure tubes or similarly processed plates of Zr-
2.5%Nb) so the susceptibility to delayed hydride cracking, which has been linked to
the detailed texture of pressure tubes, might be reduced.

2.5.4.7 Texture in Stainless Steel Welds

J.H. Root with A. Salinas-Rodriguez (Reactor Materials Research
Branch) and D. Juul Jensen (Rise National Laboratory)

The apparent improvement in the quality of welds subiected to vibratory stress
relief is not accompanied by any discernible change in the residual stress profile
(PR-PHY-1:2.5.16; AECL-10332). Measurements of texture in the fusion zones of
normal and vibrationally relieved welds were made on TAS6 at Rise National
Laboratory. These results also show no differences between normal and relieved
welds. Hence the mechanism by which vibratory stress relief enhances weld
characteristics must lie in some other property, such as differences in segregation.
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2.5.4.8 Improved Presentation of Texture Data

J.H. Root and S. Langstaff (University of Guelph)

The quality and intelligibility of presentations on the crystallographic texture in
materials can be dramatically improved by a colour display of "p°le figures" and
crystallite orientation distribution functions. Software has been completed to provide
this option for the preparation of contour plots of texture displays from
experimental data. The option has been incorporated into the existing POLCON
and ODFCON programs.

2.5.4.9 Multiple Scattering in Residual Stress Measurements

J.H. Root with T. Lorentzen (Riso National Laboratory)

Two plates of normalized mild steel have been bent to give a permanent curvature
corresponding to a strain at the convex surface of +10 x 10" . The plates had a
thickness of 9 mm. The variation of the strain in the direction of curvature versus
position through the thickness was measured on the TAS8 diffractometer at Riso
National Laboratory. When a second plate is placed parallel to the first, the strain
measurements are expected to be perturbed by multiple scattering effects. The
objective of the experiment is to investigate the magnitude of these effects.
Results so far are inconclusive because the instrumental resolution, beam intensity
and detector efficiency have not yet been optimized.

2.5.4.10 Analysis of Stress-Strain Data for Proof Steel. Inconel
and Stainless Steel

J. Schroder, T.M. Holden and J.H. Root

Measurements of the longitudinal and transverse strain which develop on loading
samples of proof steel, inconel and stainless steel in a nominally-elastic longitudinal
manner in a proof ring have been analyzed in terms of the Kroner model of
elasticity. The measurements were made at the L3 spectrometer on the (110).
(002) and (112) reflections of the bcc structure of proof steel and the (111), (200),
(220) reflections of the fee structures of Inconel and stainless steel.

The agreement between the Kroner model, which utilizes the known elastic single
crystal constant data to obtain the equilibrated strains in a texture-free elastically
distorted medium, is very good for the fee materials as shown in Table 2.5.4.10.
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Table 2.5.4.10
Comparison of the Elastic Constants -Sj and Young's Moduli E

Material
304 stainless
304 stainless
304 stainless
Inconel 600
Inconel 600
Inconel 600

{hkl}
111
220
200
111
220
200

-S\h [TPa-1]
0.68
1.00
1.94
0.89
1.08
1.64

-S]ip [TPa-1]
0.8(7)
1.1(1)
2.1(2)
0.6(3)
0.9(3)
1.5(3)

E"1 [GPa]
0.28
0.22
0.16
0.29
0.26
0.20

Eex" [GPa]
0.23(2)
0.24(3)
0.15(1)
0.34(3)
0.39(3)
0.21(1)

An interesting result occurs, however, for proof steel when the applied stress was
within 10% of the nominal yield point. It was noted that the transverse strains
were different on increasing and decreasing the stress, and moreover an intrinsic
width developed between increasing and decreasing. It is believed that the proof
steel yielded at the highest applied stress and that an increase of transverse strain
occurred at this point. Similar effects have been reported by Allen et al. (Proc.
Int. Conf. Residual Stress, Nancy, France, ed. G. Beck, S. Denis and S. Simon,
Elsevier Applied Science, London, P. 78) although no theory for this effect has yet
been proposed.

2.5.4.11 Software Development For the Calculation of the Diffraction
Elastic Constants

J. Schroder

A Fortran program to calculate the diffraction elastic constants from the single
crystal elastic stiffness constants in terms of the Kroner, Voigt and Reuss models of
elasticity has been written and tested on a personal computer.

The program is based on an algorithm which was developed by H. Behnken
(RWTH Aachen, Germany). It is capable of handling cubic, hexagonal and
orthorhombic symmetries for randomly oriented polycrystalline alloys. The program
can be extended to lower symmetries.
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2.5.4.12 Corrections For Near Surface Measurements of Residual Stress

J. Schroder, T.M. Holden and J.H. Root

The gauge volume for neutron diffraction measurements is defined by the
intersection of the incident and diffracted beams. If this volume is not completely
filled with the crystallographic phase which is being investigated, this leads to a
lineshift and consequently to an apparent elastic strain. This occurs in "near
surface" measurements, where the gauge volume may be partially outside the
surface of the component.

It was assumed that the major contribution to the lineshift is due to the lack of
scattering from the unoccupied areas in the gauge volume. Because of the
different attenuation of the neutron beam from different path lengths, there is also
an absorption component to the lineshift. Calculation of the line shift due to these
effects and comparison with previous measurements showed that there was still a
difference between the calculated and measured apparent strains. The third and
most major contribution to the lineshift was found to be the wavelength distribution
across the incident beam, which is dependent on the collimation and the resolution
function of the instrument. Further investigations of these effects are planned and
experiments which will be compared to the calculations are scheduled for the early
fall.

2.5.5 Neutrino Physics

2.5.5.1 Evaluation of the Optical Transmission of Schott Glass

E.P. Bonvin, E.D. Earle and A. Plagemann with
B.W. Hildebrandt (General Chemistry Branch)

The Schott glass to be used by Hamamatsu to fabricate photomultiplier tubes
(PMT's) for the Sudbury Neutrino Observatory (SNO) must have a bulk light
absorption coefficient of less than 0.5 cm"1 at 320 nm. This was checked by Schott
during the production of the bulbs and independently on 19 samples of glass sent
to CRL. In addition, the absorption coefficients from 250 to 600 nm were
measured and the fraction of the Cerenkov light loss in the SNO detector
calculated. For SNO, light generated in the D2O is attenuated by the D2O, the
acrylic, the H2O and the PMT glass. The losses in the glass are negligible, with
only an additional 1% loss going from the best glass sample to the worst and only
an additional 2% in going from 1.5 mm thick glass to 3.5 mm thick glass, as
allowed for in the specifications.

As part of the SNO Quality Assurance Program, a report (SNO-STR-91-36) has
been written and submitted to the SNO Project Office.
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2.5.5.2 Effect of the Acrylic Vessel on Light Collection in SNO
fSNO-STR-91-046)

E.P. Bonvin, E.D. Earle and A. Plagemann

The performance of the SNO detector is critically dependent on the optical
transmission of the materials for wavelengths between 250 and 600 nm. These
materials are the D2O and H2O, the acrylic and the PMT's. Zwinkels et al. (SNO-
89-11) have shown thar the optical properties of acrylic depend on the
manufacturer, the fabrication and the aging history. With that in mind, we studied
the overall light collection in SNO for different types and thicknesses of acrylic.

To quantify the light transmission of a given vessel, weighting factors as a function
of wavelength have been generated and include the Cerenkov spectrum, the
measured transmission in H2O and D2O, and the quantum efficiency of the
Hamamatsu PMT's. These weighting factors indicate that without the acrylic the
light spectrum peaks at 330 nm. When the absorption in acrylic is taken into
account, the shortest wavelengths are strongly suppressed due to the UV cut-off of
acrylic around 340 nm, and 20 to 45% of the light is lost depending on the type
and the thickness of the acrylic. The final light spectrum has its maximum around
380 nm.

The completed acrylic vessel should maximize a figure of merit (F) which is
calculated by summing the product of these weighting factors and the transmission
through the completed vessel at each wavelength. This has been calculated for a
number of vessel designs, for acrylic from several suppliers, for acrylic aged in
water, for thermoformed acrylic and tor various thicknesses of acrylic.

For the two vessel designs under consideration, it has been shown that a vessel
under tension (1" thick) would absorb 18% less light than a vessel under
compression (2" thick, with some parts 3" or 4" thick).

Light attenuation in the acrylic wall has an even more significant effect on events
generated near the acrylic. As the event vertex moves away from the center of
the vessel, the average distance travelled by photons through the acrylic increases
and so does the attenuation. Consequently, since the position resolution in SNO is
expected to be about 25 cm, a low energy H2O background event near, but outside,
the acrylic vessel can be reconstructed as a higher energy event on the other side
of the vessel in the D2O. For a 2" vessel, a 2.5 MeV event in the H2O can be
reconstructed as a 6 MeV event in the D2O.
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2.5,5.3 Trace Analysis for Th and U in Acrylic

E.D. Earle, E.P. Bonvin and R.J.E. Deal with
G.M. Milton (Environmental Research)

The results of this work have been reported in SNO-STR-91-8, 10 and 49.

A) Alpha Spectroscopy:

A review of the acrylic radioactivity disequilibrium measurements by alpha
spectroscopy has been made. The recovery efficiencies for Th, U and Ra vary
significantly and so absolute concentrations of the relevant radioisotopes, 232Th and
228Th in the Th chain and 238U and 226Ra in the U chain, are uncertain by as
much as a factor of 4. However, for a given sample the recovery of 232Th and
228Th should be the same. In 6 out of 8 samples the ratio of 232 to 228 is within
±40% of the near unity expected at equilibrium. The U to Ra ratio is more
uncertain because of the uncertainties in recovery efficiencies. No disequilibrium
has been observed to date that would be to the disadvantage of SNO performance.

B) Mass Spectroscopy:

The 232Th in five 440 g acrylic samples measured by neutron activation analysis
(NAA) at Guelph were subsequently measured by vaporization and mass
spectroscopy (MS) at CRL. There was agreement in only one case, at 5 ppt. Of
the remainder, Guelph reported one at 3 ± 2 ppt and the other three at or below
their level of sensitivity, 2 ppt, whereas CRL measured them to contain 5 to 7 ppt
(sensitivity 0.5 ppt). Since SNO wishes the thin acrylic to be at the 2 ppt Th level
or better and would regard levels greater than 5 ppt as unacceptable, this
discrepancy must be resolved. The discrepancy may be due to an incorrect
background subtraction during data reduction of the Guelph spectra and/or
contamination of the sample during handling at Guelph or CRL after the neutron
irradiation. We are attempting to resolve this discrepancy by examining the data
closely and will continue to do both NAA and MS on the same samples.

Nearly 100 acrylic samples from two potential suppliers have been measured by
vaporization and mass spectroscopy. The Th and U concentrations have varied
from 2 to 200 ppt with the U concentration almost always less than that of Th.
In general, these samples have been from miscellaneous pieces of acrylic sent by
the manufacturer and in most cases only a few samples from each piece were
measured. In addition, some of these pieces were thermoformed by a potential
vessel fabricator. We have tested our handling procedures and discovered that
some seem to contaminate the samples. Three pieces of eleven from one supplier
and four of nine from another supplier gave Th concentrations below 5 ppt. For
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only three pieces was there sufficient material for several samples, (i.e. 11, 17 and
22, respectively). Most, but not all, of these were beiow 5 ppt.

In order to double the rate at which mass spectroscopy results can be obtained,
SNO now has a contract with NRC to perform In*, xtively Coupled Plasma Mass
Spectroscopy analysis for Th and U. Samples requiring a fast turn-around-time will
be analyzed by Thermal Ionization Mass Spectroscopy at CRL whereas production
samples will be sent to NRC.

C) Neutron Activation:

Since the NRU Reactor has been shut down there have been no new irradiations
at CRL. The results from NAA on 30 g samples of acrylic monomer and polymer
were reported in the previous progress report. These results have been examined
more closely but the original conclusions are unchanged.

During the neutron activation, elements other than Th are made radioactive and
can be measured with the gamma ray spectrometer. For the 24 samples, a small
or no correlation was observed between the 232Th and 141Ce, 203Hg, 198Au, 122Sb,
46Sc, 65Zn and 60Co. However a correlation was clearly evident between the ^2Th
and 51Cr (r = 0.83) and 59Fe (r = 0.58).

2.5.5.4 Heat Transfer Through Submerged Pipes in the SNO Cavity

K.M. McFarlane

The SNO design criteria call for the H2O surrounding the acrylic vessel to be
cooled to 9°C so as to reduce the electronic noise in the PMTs submerged in the
H2O. It has also been determined that the PMT support structure must have a very
high flow impedance so as to minimize the flow of H2O from outside the structure
to the region inside. This requirement is to prevent Rn gas emanating from the
stainless steel tank and PMT cables from diffusing in front of the PMTs where it
will produce a background signal. Consequently, turbulent flow in the cavity must
be kept to a minimum with low water temperature differentials. Heat transfer
through pipes of various materials have an impact on the design of cooling and
water purification systems for the SNO detector.

Calculations have been made by simple finite element analyses of the heat transfer
between the water from the purification plant and water in the cavity as a function
of the submerged pipe dimensions, composition and flow rate. Heat loss as a
function of length has been quantified for stainless steel, PVC and polyethylene
piping. It is dramatically less with PVC piping than with stainless steel piping.
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2.5.6 Accelerator Technology

2.5.6.1 Electron Energy From Practical Ranges in Aluminum and Water

M.A. Lone

Direct methods for determining the beam energy of high power industrial electron
accelerators are impractical and one has to rely on indirect methods. One such
method is the correlation between the energy and the practical range of electrons
in a medium. The practical range is extracted from the transition regime of the
depth-dose distributions measured with dosimeters that depend on chemical or
ionization processes.

The expression recommended in ICRU-35 (International Commission on Radiation
Units and Measurements (1984), see also Dosimetry for Radiation Processing, Taylor
and Francis (1989), p. 70) are:

Ep = 0.48 + 1.95 Rp for a water medium, and

Ep = 0.20 + 5.09 Rp for an aluminum medium.

The energy Ep is in MeV and the range Rp is in cm units.

Measurements of the beam energies of the industrial IMPELA and PHELA
electron accelerators at CRL using the above expressions had shown a disturbing
discrepancy between the water and the aluminum data. The probable causes of
this could be either (a) the range of validity of the linear expressions recommended
in ICRU-35 or (b) differences between the practical ranges extracted from absorbed
dose versus ionization distributions.

Energy range correlations were determined from depth-dose distributions generated
by Monte Carlo simulations. For a water medium Roger and Bielajew (Med. Phy.
13 (1986), 687) had shown that the energy-range correlation is better described (to
an accuracy of 0.5% for 3-50 MeV electrons) by a quadratic expression

E = 0.29 + 1.94 Rp + 0.00684 Rp
2

where Rp(cm) is the practical range.

For an aluminum medium we find that for electrons of 5 to 15 MeV the
expression,

E = 0.27 + 4.912 RD,
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provides a better fit to the depth dose data. The expression given in ICRU-35 for
aluminum are for ranges determined from ionization data. Electron beam energies
measured with water and aluminum phantoms using the above expressions gave
results consistent to within the 2% accuracy of the measurements.

2.5.6.2 Data for Compact Accelerator-Based Thermal Neutron Sources

M.A. Lone

Much effort is presently devoted to the development of medium- to high-power
accelerator-based thermal neutron sources for in-house industrial uses. In recent
years several relatively compact accelerators have been developed for production of
radionuclides for nuclear medicine. These provide proton and deuteron beams of
reasonably high currents and energies extending to 30 MeV that could be used to
build high-flux thermal neutron facilities.

At energies below 30 MeV, proton and deuteron induced nuclear reactions in Li
and Be are found to be most efficient for neutron production. Thick target total
neutron production cross sections and point source peak thermal neutron fluxes
were evaluated from a review of the literature (M.A. Lone, Proc. Int. Conf.
Nuclear Data for Science and Technology, 13-17 May 1991, Julich, Germany).

We define an effective thick target total neutron production cross section as

a (E) - 1.66 • A • Y (E) / R(E)

where A is the target mass number, Y is the thick target total neutron yield per
incident particle, and R(g»cm ) is the range, in the target material, of the projectile
of energy E MeV. The effective cross sections determined from the evaluated
yield curves are shown in Figure 2.5.6.2.

The effective total neutron production cross sections are found to be higher for the
loosely bound Be nucleus. The energy dependence is consistent with the total
reaction cross section. It is, however, intriguing that above 20 MeV the thick target
p + Be cross section, above 500 mb, exceeds the thin target total reaction cross
section which decreases from 565 mb at 20.1 MeV to 353 mb at 46.2 MeV
(W.F. McGill, R.F. Carlson, T.H. Short, J.M. Cameron, J.R. Richardson, I. Slaus,
W.T.H. Van Oers, J.W. Verba, D.J. Margaziotis and P. Dohert, Phys. Rev. C10
(1974), 2237). This may be due to the contributions of (p,2n) and (n,2n) channels.
This possibility is being evaluated.
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2.5.7 Support Services

2.5.7.1 International Comparison of 7i5e Activity Concentration

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

Results from this 1989 trial comparison (previously reported in PR-PHS-P-7:7.39(b);
AECL-9995) have been received from BIPM. This nuclide had been chosen for its
medical interest and its use for 7-ray spectrometer calibrations but primarily because
the decay proceeds partially through a 17-ms metastable state which presented a
challenge not encountered in previous comparisons of activity. The trial was
particularly valuable because a comparison of preliminary results revealed an
unsuspected instrumental effect in the BIPM measurements. New measurements
brought the results into satisfactory agreement shoving how the problem can be
avoided in a full-scale comparison. A full-scale comparison of Se is planned for
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1992. The measured activity concentration values based on six results showed a
total spread of 2.53%. The weighted mean value was (0.4230 ± 0.0035) MBq.g'1.
The AECL value was f0.4238 ± 0.0076) MBq.g"1 giving a difference from the
weighted mean of 0.18%.

A BIPM report suggests that future studies would benefit greatly from a more
precise determination of the fraction of delayed events. In addition, it states that
the precision (~1%) of the measurements of Se is below the level of accuracy
that would be needed for calibration purposes and further work is required to
develop suitable techniques. This is likely through the organization of a full-scale
comparison.

2.5.7.2 14fce Standardization

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

A primary standardization of the beta-emitting nuclide 141Ce (in 0.5M HC1, Ti/2 =
32.50 d) has been completed. This work was performed for Dosimetric Research
Branch. Impurity measurements made with a Ge spectrometer revealed 139Ce
(0.04% at RT, T./2 = 137.66 d) and 156Eu (0.42% at RT, Ti/2 = 15.19 d). Activity
measurements were made in the A%p-i coincidence system where the 4?u
proportional counter detected betas in coincidence with gammas detected by Nal(Tl)
crystals. Efficiencies for the 12 sources prepared from two dilutions of the stock
solution ranged from 84% to 98% with the proportional counter voltage at 2400 V.
A total of 102 points were obtained from the measurements. The statistical
uncertainty in the final result was 0.03% with 97 degrees of freedom. The
quadratic sum of this and other sources of uncertainty was 0.09%, equivalent to
one standard deviation. The stock solution had 23149 ± 21 Bq.rng"1 at reference
time 1991 Jan 1 @12h EST. A standard source from this solution was used to
obtain a new Ge efficiency calibration point at 145 keV assuming P-y = 0.484 +
0.004.

2.5.7.3 95Nb Standardization

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

A primary standardization of 95Nb (Ti/2 = 34.97 d) in 3% oxalic acid has been
completed. This work was performed for Dosimetric Research Branch. Impurity
measurements were made with a Ge spectrometer and revealed no 7-ray emitting
impurities (0.05% limit relative to the 765-keV 7-ray line in Nb). Activity
measurements were made in the \%fi-i coincidence system where the An
proportional counter detected betas in coincidence with gammas (765 keV) detected
by Nal(Tl) crystals. Efficiencies for 12 sources prepared from two dilutions of the
stock solution ranged from 37% to 57% with the proportional counter voltage at
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2410 V. The sources were prepared as niobium oxalate resulting in thick deposits
which, combined with an averape beta energy of 44 keV, gave relatively high source
self-absorption and resulting low efficiencies. A total of 102 points were obtained
from the measurements. The statistical uncertainty in the final result was 0.11%
with 100 degrees of freedom. The quadratic sum of this and other sources of
uncertainty was 0.19%, equivalent to one standard deviation. The stock solution
had 4892.7 ± 9.3 Bq-mg"1 at reference time 1991 Feb 1 @12h EST. An ampoule
of this standard was registered with the International Reference System (SIR) at the
BIPM in France. This standard agrees within 0.20% of the unweighted mean and
within 0.02% of the weighted mean of the results registered by other laboratories.
A standard source from this solution was used to obtain a new Ge efficiency
calibration point at 765 keV. In addition, a standard ampoule of this solution was
used to obtain an ionization chamber response calibration for this nuclide and for
765 keV photons.

2.5.7.4 57Co Standardization

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

A primary standardization of the electron capture nuclide Co (in 0.1M HCl, TVl

= 271.77 d) has been completed. Impurity measurements were made with a Ge
spectrometer and revealed no y-ray emitting impurities. Activity measurements were
made in the 4TC(PC)-7 coincidence system where the 4n proportional counter
detected conversion electrons, Auger electrons and some x-rays (6 keV) in
coincidence with gammas (122 and 136 keV) detected by Nal(Tl) crystals. Dead
times and resolving times of the system were increased to 3.0 and 1.2 respectively
to ensure that no (<3 x 10"4) coincidences involving the 98-ns 14-keV transition
were lost. Efficiencies for 12 sources prepared from two dilutions of the stock
solution using methane as the counting gas ranged from 32% to 62% with the
proportional counter voltage at 2420 V. A total of 42 points were obtained from
the measurements. The statistical uncertainty in the final result was 0.09% with 40
degrees of freedom. The quadratic sum of this and other sources of uncertainty
was 0.18%, equivalent to one standard deviation. The stock solution had 2944.2 ±
2.7 Bq.mg"1 at reference time 1991 Mar 1 @12h EST. A standard source from
this standardization was used to obtain updated Ge efficiency calibration points at
122 and 136 keV. In addition, a standard ampoule of this solution was used to
obtain an updated ionization chamber response calibration for this nuclide and for
122 and 136 keV photons.
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2.5.7.5 14frm 121.26 keV -r-ray Emission Probability

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

A new measurement of the emission probability, P7, of the 121.26 keV 7-ray in the
decay of Pm was made using more-recently-standardized Co as the primary
calibration point. The Ge spectrometer efficiency at 121 keV was found by fitting
a second order polynomial to the efficiencies measured at 60 keV (from 241Am), 88
keV (from 109Cd), 122 keV (from ^Co) and 136 keV (also from 57Co) and
interpolating. Each point was derived from measurements made in close geometry
with standard point sources in a normal and an inverted position. To absorb beta
and alpha particles and attenuate low energy x-rays, 3 mm of Be and 1.2 mm of
Al were used between the sources and the Be window of the Ge detector.
Corrections were made for random summing, coincident summing, decay and count
duration. The 147Pm sources used were from a 1987 standardization (PR-PHS-
P4:7.46; AECL-9681) and are the same ones used in the measurement reported in
1988 (PR-PHS-P5:7.42; AECL-9758). The half-life of this nuclide is well known
(2.6234 ± 0.0002 years) and consequently the decay corrections add less than 0.01%
to the uncertainty in the present measurement. The result obtained from the
weighted mean of the measurement of two sources of 147Pm was P 7 = 2.713 +
0.014) x 10"5 where the uncertainty is the overall uncertainty expressed as one
standard deviation equivalent. This agrees with our 1988 measurement of (2.721 ±
0.035) x 10"5 and also with our 1970 measurement of (2.73 ± 0.09) x 10"5.
However, the uncertainty is now significantly lower than the previous measurements.
The agreement among these results can be taken as evidence for the consistency of
the primary Co standardizations over the past 21 years.

2.5.7.6 Standards Issued

R.H. Martin

(A) Standard Sources (by Branch)

57Co

94Nb

109Cd

(B) Standard

57Co

General Chemistry

Dosimetric Research
General Chemistry

General Chemistry

Solutions (by Branch)

Dosimetric Research

(1)

(1)
(1)

(1)

(1)
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88y

^Sr

95Nb

109Cd

133Ba

137Cs

Dosimetric Research
Environmental Research
General Chemistry

Dosimetric Research
General Chemistry

Environmental Research
General Chemistry
Dosimetric Research

Dosimetric Research

Dosimetric Research

Dosimetric Research

Dosimetric Research
General Chemistry

(1)
(1)
(1)

(1)
(1)

(1)
(1)
(1)

(2)

(1)

(1)

(2)
(1)

Ce Dosimetric Research (2)

(C) Special Standards

One multi-nuclide efficiency-calibration solution standard (containing known activities
of 57Co, ^Co, * ¥ , 95Nb, 133Ba, 137Cs and 144Ce) and one multi-nuclide detection-
limit solution standard (containing known activities of 60Co, 133Ba, 137Cs and 144Ce)
were prepared for Radiation and Industrial Safety Branch.

2.5.7.7 Multiwire foe Neutron Detectors

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

(1) 13 Wire Detectors

(a) MAC-1-9-13

On-going bench tests indicate that, over a period of more than 1 year,
there is no degradation in the performance of this detector. Tests at T3
will be carried out after the start-up of NRU, currently scheduled for
1991 November.
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(b) MA-2-9-13 (ANDI)

This detector continues to exhibit excellent performance in
prolonged operation for the CMP group.

(c) MS-1-8-13 (DC grounded anode)

Preliminary tests and development work on a detector with anode wires
at DC ground potential and a negative high voltage on the cathodes are
being investigated. Anode wire spacing is 4 mm and anode to cathode
distance is 8 mm. Only one high voltage feedthrough (cathode) is
required as compared to one for each anode wire on the detectors
presently being used and fabricated. The new design is being tested as
a means of eliminating the sporadic electronic noise observed with signals
taken from anode wires at high positive voltage. Present designs require
decoupling circuits enclosed in SFg-filled boxes.

In the test detector, it was convenient to separate the cathode laminate
from the window. This introduced a 0.5 mm He absorbing layer ahead
of the sensitive volume which will be eliminated in production models.
Preliminary results are encouraging. The laminate board (aluminum,
teflon and copper) used for the cathodes appears to be compatible with
the detector filling. Therefore, it will be used for the cathode boards in
the XY detector as planned. Additional tests must be performed to see
if noise reduction meets expectations.

(d) MA-3-9-13 (DUALSPEC)

Background tests have shown significantly higher noise on channels 1 and
11 (wires #2 and #12) compared to channels 2 through 10 which are
satisfactory. Further tests will be made to check if a problem with the
field-shaping wires (1 and 13) is affecting these channels.

(2) MAB-1-0-80 (80-wire Curved Detector)

The curved anode assembly consisting of 80 gold plated tungsten wires,
15 urn in diameter, and 2 outrigger wires of 25 um diameter has been
wired on the grid winding machine. The assembly has been cleaned in
the ultrasonic cleaner and subsequently vacuum-baked at 110°-120°C.
Final assembly and testing have been delayed but the detector will be
ready by the NRU reactor start-up.
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(3) MAXY-1-0-36 (XY Detector)

Detailed design work, based on the conceptual study, is now underway in
the Mechanical Design Branch. A departure from the original design is
that the cathode wires will be replaced with cathode strips 3.7 mm wide.
Two detectors will be constructed so that various anode/cathode layouts,
spacing and materials can be developed and tested simultaneously without
interfering with the extended testing times often required by prototype
programmes.

2.5.7.8 Multiwire Detector Electronics

J.J.-P. Bolduc and D.C. Tennant with M.J. Shea
(Civi] and Electrical Design Branch)

The performance of the preamp circuit designed for the multiwire detectors was
compared with a commercial preamp designed for low-noise proportional counters.
It was found to be equally good with respect to noise, gain and pulse shape.

One of the three prototype electronic sets is being tested for noise immunity and
reliability. The other two sets are being assembled and tested. These first sets will
be used for in-house testing of detectors.

The circuit boards that will be installed at NRU are currently being drawn up in
the Civil and Electrical Design Branch. The new units will be packaged as NIM
modules and will have test points accessible from the front panel. A small
amplifier board is also being drawn that will fit alongside the preamp board. This
configuration may be used for the 80-wire detector.

2.5.7.9 Ge Detector Servicing

J.J.-P. Bolduc

Four Ge detector systems were restored during this period, one ^ach for General
Chemistry, Fuel Materials, Chemical Operations and Fuel Engineering (BTF). A
fifth detector currently in for repair appears to have internal damage within the
crystal housing.
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2.5.7.10 Mechanical Laboratories

L.E. McEwan and H.C. Spenceley

In the Building 459 Laboratory, the work done was as follows:

A new design for a singly curved, 11 crystal, silicon (111) monochromator
featuring a virtual pivot concept has been designed and built. The crystals are
now being aligned and a second unit is also being manufactured for Si (115)
crystals.

A set of "jaws" (beam slits) incorporating small linear bearings and high helix
lead screws with the XX-YY motions motorized has been designed and built.
Two additional units are being manufactured and will be ready for September.

A ten inch square X-Y table capable of supporting a load of 1200 lbs. was
designed and built for the DUALSPEC powder diffractometer.

A motorized test tube roller made from acrylic was manufactured for use in
experiments being done for the SNO Project.

Other works completed include alterations to some beam shaper parts, filter
motor adaptor for L3 filter and some sample pieces for ANDI work.

In the Building 116 Laboratory, the work done was as follows:

Four stainless steel fast neutron proportional counters were fabricated for a
contract, three of 5 cm diameter and one of 15 cm diameter. Components

• were made for both 13- and 80-multiwire detectors for CMP.

Single crystals of silicon were cut for focussing monochromators for
DUALSPEC.

Plastic scintillators were fabricated for Nuclear Physics.

Smaller jobs included the fabrication of dye laser windows for Genera]
Chemistry, and components for SNO and the glassblowing laboratory.
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2.5.7.11 Glassblowing Laboratory

D.A. Doering

Major jobs completed during the period are listed by branches as follows:

Chemical Operations

One hundred and sixty-four Alumina columns, sixty glass connectors and twenty-four
product recovery headers were made for Mo isotope production.

System Chemistry and Corrosion

One hundred and thirty-four thin walled and forty-five medium walled NMR
ampoules were built for studies of irradiated water solutions.

General Chemistry

Forty-seven different quartz glass prototype induction tubes were constructed to
levitate zirconium samples in an induction furnace.

Accelerator Physics

Fourteen different samples of ceramic materials such as Diamonite Alumina
Ceramic and BaSi^Os were core drilled fo prepare samples for the dielectric
measurement group.

Twelve 6 mm and twelve 8 mm quartz rample holders were made for sale to a
British firm.

Environmental Research

Glass apparatus that was made of Aluminosilicate glass (#1720) was repaired and
the annealing oven re-programmed to anneal the complete apparatus.

Nuclear Physics

Two custom built prototype glass target chambers were constructed to study eddy
current patterns as an aid in designing a chamber of optimum dimensions.
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Neutron and Solid State Physics

Four suprasil furnace tubes were built for the Sudbury Neutrino Observatory
experiments. The glassblowing annealing furnace was re-programmed to reduce
5 grams of vectran rope to ash.

2.6 PUBLICATIONS AND LECTURES
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Phys. Rev. B 43 (1991), 13331

MAGNETIC EXCITATIONS IN THE HEAVY FERMION SUPERCONDUCTOR
URu2Si2

C. Broholm, H. Lin, P.T. Matthews, T.E. Mason, W.J.L. Buyers, M.F. Collins,
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Phys. Rev. B43 (1991), 13232

MAGNETIC PHASE TRANSITIONS IN UNi2Si2
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R.A. Cowley, N. Cope, B. Wanklyn, T.E. Mason and W.J.L. Buyers
J. Phys. Condens. Matter 3 (1991), 2953
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E.C. Flower, S.R. MacEwen, T.M. Holden and R.R. Hosbons
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Science, London) (1989) p. 209

THE MEASUREMENT OF RESIDUAL STRESSES USING NEUTRON
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Riophys. J. 59 (1991), 363
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3.1 THEORETICAL PHYSICS BRANCH - Staff List

Acting Branch Manager: V.F. Sears

Professional Staff

M. Couture
H.C. Lee
G.E. Lee-Whiting (1,2)
H.P. Leivo (3)
F. Marsiglio
N.C. Schmeing (4)
I.S. Towner

Secretarial Staff

M.E. Carey

Students

M.J. Sawicki (5)

Attached Staff

Z.Y. Zhu Professor ITP, Beijing, China
P.G. Blunden Professor Univ. of Manitoba

t Dr. Sears became Acting Branch Manager on 1991 January 1, succeeding
Dr. G.E. Lee-Whiting who subsequently retired on 1991 March 8.

(1) Retired 1991 March 8, after 38 years with AECL
(2) Researcher Emeritus as of 1991 April 1
(3) Research Associate: Joined Branch on 1990 September 2
(4) Research Associate, half time: Joined Branch on 1990 September 1
(5) National Summer Student from McMaster University, 1991 May 1
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3.2 OVERVIEW AND ACCOMPLISHMENTS

V.F. Sears

Graham Lee-Whiting retired on 1991 March 8 after 38 years service with AECL,
the last 22 of which he was Manager of the Theoretical Physics Branch. Graham
has not left CRL, however, but has been appointed Researcher Emeritus, and
will continue to pursue his research interests and provide assistance in the
solution of various accelerator physics problems.

Varley Sears has been appointed Acting Manager of the Theoretical Physics
Branch. He will continue as Convenor of the Physical Sciences Safety Commit-
tee, and has recently also been made Chairman of the Physical Sciences Compu-
ting Committee.

Ian Towner is serving on the NSERC Grant Selection Committee for Subatomic
Physics. He is an Adjunct Professor at Queen's University and has been elec-
ted Director of the 1992 Theoretical Summer Institute. He has recently been
named Convenor of the Physical Sciences Colloquium Committee.

Paul Lee visited the theoretical physics group at the Academia Sinica in
Taipei, Taiwan during 1991 June 9-22 and is taking part in the "Infinite Anal-
ysis" project at the Research Institute for Mathematical Sciences (RIMS) in
Kyoto, Japan during 1991 June 23 - August 8.

As part of his work for the Speaker's Bureau, Michel Couture gave talks on
"Nuclear Energy" during 1991 May 2-3 at three high schools in the Hull-Ottawa
region.

Varley Sears and Frank Marsiglio gave lectures at the very successful workshop
on "The Art of Neutron Scattering" which was held at CRL during 1991 June 10-
14 under the direction of W.J.L. Buyers.

Professor Z.Y. Zhu of the Institute of Theoretical Physics in Beijing, China
completed a seven-month visit to the Theoretical Physics Branch at the end of
March, during which he collaborated with Paul Lee on work in Field Theory.

At the time of writing, Professor P.G. Blunden of the University of Manitoba
is on a three-week visit to CRL to work with Ian Towner on the calculation of
relativistic corrections to the elastic magnetic scattering of electrons by
the deuteron.

Marcin Sawicki, a National Summer Student from McMaster University, is assis-
ting Frank Marsiglio in work on the Hubbard model during 1991 May-August.

3.3 TOPICAL REVIEW - HIGHLY DEFORMED STATES OF ATOMIC
NUCLEI

N.C. Schmeing

s which rotate
have an analog

deformed rotational nuclei. Shaped like rugby balls, they rotate at

Pulsars which rotate at relativistic speeds and emit regular bursts of radia-
tion, have an analogy in subatomic systems: the recently discovered super-
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revolutions per second, achieving the same surface velocities as pulsars. As
they lose speed, they emit as many as 20 gamma rays of regularly differing
energies, falling down a cascade of quantized energy levels until, at some
abrupt point, they dissipate the rest of their excitation energy in a way as
yet unknown. While it is superdeformed, a single nucleus it-•-."• _s 10 rotations,
radiating energy at the rate of about 10 watts.

As early as 1975, the Lund school of S.G. Nilsson and collaborators and the
Dubna group of Neergard and Pashkevich published the first papers predicting
stable nuclear shapes at axis ratios of about 2 to 1. Except for the fission
isomers, this was far more deformed than previously known from experimentally
determined quadrupole moments. Assuming a mean field for the fermionic
nuclear constituents, single particle energy levels of the nucleus may be cal-
culated. When all the levels in a region of the spectrum with high level-
density are occupied, a large Fermi gap is produced, and this closed shell
configuration is particularly stable. At axis ratio 2 to 1, level bunchings
occur in the harmonic oscillator approximation for the prolate mean field.
The group describing the symmetry responsible is SU(3)®Z2; the spectrum is
like the SU(3) isotropic harmonic oscillator spectrum with each level occur-
ring twice. A more realistic nuclear mean field with spin-orbit potential
rearranges these levels but also predicts stably deformed nuclei near the 2 to
1 axis ratio.

The experimental conditions for producing these superdeformed shapes are exac-
ting; heavy ion collisions followed by neutron emission must bring in enough
angular momentum, 60 to 70 quanta, to populate the states, and enough energy
to be in the part of the spectrum where the superdeformed band is experimen-
tally favoured over all other rotational bands, yet not so much energy that
the nucleus fissions. At best, 3% of the gamma intensity of the reaction is
from a superdeformed band.

The first superdeformed states were seen in 1986 by Peter Twin and coworkers
in Daresbury, England, in Dy as predicted. They may be recognized by the
characteristic regular increases in y-ray transition energies corresponding to
rotational bands with very high angular momentum. Since that time, dozens of
superdeformed bands have been discovered, some nuclei having two or three
bands. A variety of kinematical and dynamical effects have been calculated
and observed, such as the interplay between mean field, pairing, and Coriolis
effects. The moments of inertia vary widely, depending on which orbitals are
occupied, particularly on the "intruder" orbitals, i.e. those of high angular
momentum brought down in energy by the 2 to 1 nuclear deformation. Each
nuclear band has its own fingerprint seen in the gamma decay sequences.

Last year, an unexpected development was reported by Byrski et al. (Phys. Rev.
Lett. 64 (1990) 1650). Spectra from different nuclei, e.g. 132Dy and Tb,
were found to be identical to within 0.1% over a span of 16 transitions; dif-
ferences of 1 % or more would be expected . ifrom one added particle. Similar
identical bands had been observed in the Hg region, and it became clear
that some systematic effect was occurring. A fundamental symmetry may be
operating in this mesoscopic system, i.e. both microscopic, with quantum
effects, and macroscopic, with collective kinematics.
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Physicists at Chalk River have made major contributions to the work in super-
deformed nuclei. With the 871 spectrometer, currently the best instrument for
observing the y-rays from these nuclei, experimentalists led by David Ward
have seea many bands in the gadolinium isotopes for the first time, and
extended known bands to higher angular momenta. The highest nuclear spin
known, almost 70 h, was observed at Chalk River. The computer data analysis
of David Radford also leads the field, being crucial at these low intensities.

On the theoretical side, I. Ragnarsson of Lund, who has been involved in this
work since the early predictions, is presently a summer researcher at CRL and
has based interpretive papers on 8ft data. Software in place here is being
used to calculate properties of these nuclei. N.C. Schmeing has also devel-
oped a model for the identical bands, and is working with a collaborator at
UCLA on calculations based on the model.

3.4 SUMMARIES

3.4.1 Theoretical Nuclear Physics

The shell-model calculations of the nuclear-structure dependent part of the
radiative correction for superallowed beta decay have been completed (3.5.1.1)
and are shown to provide an improved test of the conserved vector current
hypothesis and the three-generation standard model. The contribution of meson
exchange currents to fii si-forbidden beta decays in the Pb region is being
calculated (3.5.1.2) in an attempt to understand the large enhancements of the
y matrix elements that have recently been observed.

A model, which was developed to explain the identical gamma-ray bands produced
by nuclei in superdeformed states, is being applied (3.5.1.5) in a quantita-
tive calculation for 2Dy and 15lTb. This work has been facilitated by the
recent acquisition of software for doing cranked shell-model calculations
(3.5.1.6).

3.4.2 Theoretical Condensed Matter Physics

The work on the effect of impurities on the hole mechanism of superconduc*.-
ity has been completed and submitted for publication (3.5.2.1). A current
puzzle in the high Tc superconductivity of oxide materials is that coherence
effects are observed in the electromagnetic absorption but not in the nuclear
magnetic relaxation. Calculations (3.5.2.2) based on the hole mechanism, and
on the Eliashberg theory, each predict that if a coherence peak is present in
one of these phenomena, it should also be present in the other.

The effect of finite bandwidth, etc. on the isotope effect in high Tc super-
conductivity is being studied within the Eliashbeig theory (3.5.2.3), in a
more rigorous way than others have done in the past, in an attempt to under-
stand why the observed isotope coefficient a is often much smaller than the
BCS value of 0.5. Work on the Hubbard model has been started (3.5.2.4) with
the help of our summer aii'dent M. Sawicki.

The work on the motion of CH-i molecules in D2O clathrate has been completed
with a molecular dynamics calculation of the translational velocity spectrum
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(3.5.2.5). The analysis of neutron inelastic scattering measurements on Xe
and Kr in H2O ciathrates has now begun (3.5.2.6). These experiments will
provide information on the dynamics of the clathrate lattice itself, rather
than on the motion of the guest molecules.

3.4.3 Fundamental Theoretical Science

The origin of fractional statistics in two-dimensional systems has been
studied within the geometric quantization formalism (3.5.3.1). It has been
shown (3.5.3.2) that the comultiplication property of Hopf algebras leads to
representations of quantum groups that are both supersymmetric and parafer-
mionic. The relation between link invariants and Wilson loops in the Chern-
Simons theory has been established (3.5.3.3) with the help of quantum holo-
nomies. The spontaneous breaking of topological symmetry induced by a vanish-
ingly small symmetry-breaking term has also been investigated (3.5.3.4).

The duality of some of the cyclic representations of the quantum group Uq,
when the deformation parameter q is a root of unity, has been established
(3.5.3.5). The extent to which this duality persists for other cyclic repre-
sentations is being studied. The application of the Selberg trace formula to
gravitation in 2 + 1 dimensions is being investigated (3.5.3.6) for surfaces of
higher genus (e.g. pretzel-shaped surfaces).

The existence of nusntmn symmetries in addition to su^ers^mrnetr^, has been
demonstrated within the two-dimensional Perk-Schultz lattice model (3.5.3.7).

3.5 INDIVIDUAL REPORTS

3.5.1 Theoretical Nuclear Physics

3.5.1.1 Radiative Corrections to Superallowed Beta Decay

I.S. Towner

Shell-model calculations of the nuclear-structure dependent part of the radia-
tive correction for superallowed beta decay discussed in the last progress
report, (PR-PHY-1:3.5.14 (AECL-10332)) have been completed. The ft values for
such decays, when corrected for radiative corrections and isospin symmetry
breaking, should be the same for all nuclei if the conserved vector current
(CVC) hypothesis is satisfied. The impact of the current correction is to
give a modest improvement in the test of CVC. For eight precision-measured
examples of superallowed decay, the x f° r a fit f° r a constant corrected ft
value is slightly improved. Comparing this constant ft value with the compar-
able quantity for muon decay gives the value of the quark mixing matrix ele-
ment, Vud. When combined with values of Vus and Vub deduced from hyperon and
B-meson decays, a test of unitarity in the matrix, Vud+Vus + Vub =1 , can be
investigated. Our current calculation leads to a slightly smaller value for
Vud, and Vud+ViL+Vub=0.9962±0.0016 violating unitarity by two standard devia-
tions in the three-generation standard model. The value of Vud deduced from
neutron-only data, although of poorer precision, does satisfy unitarity. This
suggests that nuclear-structure corrections in superallowed Fermi beta decay
are still not fully under control.
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3.5J.2 Meson-Exchange Currents in First-Forbidden Beta Decay in Pb Region

I.S. Towner

Recently, E.K. Warburton (Phys. Rev. Lett. 66 (1991) 1823) made a least
squares fit of theory to experiment for 18 first-forbidden b'.'ta decays in the
Pb region with two parameters: (1) an enhancement factor c for the rank-
zero matrix element of ys, and (2) an overall scaling factor for the rank-one
component of the decay rate. A good fit was achieved yielding e =2.01 ±0.05

and a rank-one scaling factor of 0.97±0.06. The agreement of the latter with
unity indicates a satisfactory understanding of the rank-one component of the
decay. The result for e indicates an enhancement of ys by 100% over the

mec
impulse approximation, while a 40% effect had been predicted from previous
calculations of meson-exchange currents.

We are recomputing the meson-exchange current contribution from pion graphs
and find enhancements of about 50%. Additional contributions can be found
from heavy-meson contributions, particularly a- and co-pair graphs. These cal-
culations are rather model-dependent but we obtain contributions to E rang-
ing from Ae = 0.15 to ^£ = 0.45 depending on whether vertex form factors and
short-range correlation functions are included or not. While it would be
tempting to accept the latter value, and combine with tb? pion value to give a
fit to Warburton's result, such a procedure would lead to too large a value of
£ in other mass regions. More work is continuing on this problem.

mec

3.5.1.3 Isospin Forbidden Beta Transitions to Non-Analogue 0 r States

I.S. Towner with E. Hagberg, V.T. Koslowsky, W.L. Perry and
M.J. Watson (Nuclear Physics) and J.C. Hardy (TASCC Division)

See PR-TASCC-2:3.1.5 (AECL-10431)

3.5.1.4 /-Forbidden Gamow-Teller Decays

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

See PR-TASCC-2:3.1,4 (AECL-10431)

3.5.1.5 Identical Bands for Nuclei in Superdeformcd States

N.C. Schmeing

Gamma radiation spectra from certain nuclear states, published in 1990 by the
Chalk River 8/r experimental group and others (T. Byrski et al.. Phys. Rev.
Letts. 64, (1990) 1650); B. Haas et al., Phys. gev. C 42, (1990) R1817). indi-
cate that for nuclei in the mass 150 region (l5"Dy and neighbors), there are
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prolate superdeformed rotational bands (with axis ratio <v2 to 1) which, des-
pite being in different nuclei and having different mass number, have the £ame
moment of inertia. Similar effects observed ia the mass 190 region ( Hg)
had earlier been interpreted as possibly coincidence, due to several compensa-
ting causes. Now it is clear that a common principle is operating.

We have developed a model in which the identical bands occur in a natural way.
The nearly integral or half integral rotational alignment observed in some
superdeformed nuclei is predicted for bands with little configuration mixing.
An assumption of the model, which describes a particular kind of microscopic
particle-rotor state, is a noncollective core coexisting with collective rota-
tion, as one has, for example, in the interacting boson model. Evidence for
transitions from collective to noncollective motion is currently being pub-
lished by both experimenters and Hartree-Fock theorists.

We have applied the model to the identical bands in 152Dy and 151Tb in a quan-
titative calculation. We identify an orbital occupied in Dy with a binding
energy of less than the 2 to 3 MeV depth of the superdeformed minimum, so it
would be energetically possible to have u Tb state with a hole in this
orbital. The orbital is [330] 1/2 in the asymptotic notation, one of the
extruders which approach the Fermi surface from below as a result of the sym-
metries of the single particle spectrum of prolate nuclei with 2 to 1 axis
ratio. Rotationally aligned, it does not contribute to the rotational spec-
trum of Dy, and a structure in 15 Tb differing from Dy by only a hole in
this orbital would have the identical rotational gamma spectrum.

This work was presented in a short talk at the "Future Directions in 4n Spec-
troscopy" conference, Strasbourg, in March and at the Gordon Conference on
Nuclear Chemistry in June. More detailed .;slculations based on this model are
in progress in collaboration with Prof. S.A. Moskowski of UCLA.

3.5.1.6 Structure of Rotational Bands

N.C. Schmeing

To assist in interpreting data acquired by the Sn experimental group, up-to-
date computer software for calculating properties of the superdeformed nuclei
is being put into operation at Chalk River. This includes a cranked shell
model code based on a Woods-Saxon potential, a total routhian surface code
based on a modified oscillator potential, and a particle-rotor code. We have
used this software for calculations in the identical bands model, and also to
calculate interaction strengths as a means of identifying configurations in Sn
data. We have also assisted in interpreting predictions of relationships re-
sulting from the algebraic commutation relations applied to rotational bands.

3.5.2 Theoretical Condensed Matter Physics
3.5.2.1 Impurity Effects in the Hole Mechanism

F. Marsiglio

The "hole mechanism" of superconductivity was discussed in the last progress
report (PR-PHY-1:3.5.1 (AECL-10332)). As noted there, the experimental fact



3-8

that both normal and magnetic impurities suppress the superconducting transi-
tion temperature can be understood with this theory. We have gone on to calcu-
late impurity effects on Tc as a function of hole concentration. A paper has
also been written and submitted to Physical Review B.

3.5.2.2 Coherence Effects in the Oxide Materials

F. Marsiglio with J.E. Hirsch (UCSD, La Jolla)

The term "coherence effects" refers to the fact that various relaxation or
absorption rates are not immediately suppressed as the temperature is lowered
below Tc in a superconductor (as one would naively expect, due to the opening
of a gap in the electronic energy spectrum). Instead, there is a peak, fol-
lowed by an exponential decrease to zero. Two measurements that should
exhibit a coherence peak according to the conventional BCS theory of supercon-
ductivity, are the nuclear magnetic resonance (NMR) relaxation rate and the
electromagnetic (EM) absorption rate. No peak has been observed in the former
whereas one has recently been measured in the latter (K. Holczer et al., Phys.
Rev. Lett. 67, 152 (1991)). We have performed calculations within two theore-
tical frameworks: i) the hole mechanism, and ii) Eliashberg theory. The lat-
ter goes beyond the BCS theory in that damping effects due to the electron-
phonon interaction are included in the theory. Each theory is consis. ̂ nt with
both measured rates, either having or not having a coherence peak. We have
been unable to understand this situation except that magnetic effects (due to
the Cu spins) could suppress the NMR rate while leaving the EM rate untouched.
These effects have not been explicitly included in the calculation. A predic-
tion is that at high doping levels, where antiferromagnetism fluctuations are
definitely suppressed, a coherence peak should be observed in both
measurements.

Assuming that the NMR peak is suppressed by other effects, these calculations
also place important restrictions on the parameters involved. For example, if
the mechanism is electron-phonon, then the coupling cannot be very strong;
otherwise the EM peak would be suppressed, in contradiction to experiment.
Moreover, the EM calculation is dependent on impurities. In the clean limit
(no impurities) the peak is also suppressed. This implies that the materials
studied are not in the clean limit, contrary to what has been surmised from
other measurements.

Two papers have been submitted to Phys. Rev. B (one with J.E. Hirsch), along
with a short report to a conference, summarizing our results.

3.5.2.3 The Isotope Effect

F. Marsiglio

If superconductivity is governed by the electron-phonon interaction, there
should be an isotope effect on Tc. To date the measured isotope coefficients,
ct, range from 0 to above 0.5. The value a =0.5 is the "expected" or "con-
ventional" result. Variations of a from 0.5 could arise from a variety of
effects: finite bandwidth, variable electron density, and direct Coulomb
interactions. In the past, these effects have always been estimated,
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utilizing some approximation to simplify the resulting Eliashberg equations.
The purpose of this study is to investigate some of these effects utilizing no
approximation to solve the Eliashberg equations. Preliminary findings are
that very small isotope coefficients are very difficult to produce with physi-
cal parameter regimes, in contradiction to numerous calculations in the recent
literature.

3.5.2.4 Hubbard Model

M. Sawicki and F. Marsiglio

We have begun investigating both the repulsive and attractive Hubbard model.
Preliminary work has almost been completed, and exact diagonalizations are
currently underway. We hope to study susceptibilities for magnetic, pairing,
and charge density wave perturbations.

3.5.2.5 Motion of CH Molecules in D O Clathrate
4 2

V.F. Sears with B.M. Powell (Neutron and Solid State Physics) and
J.S. Tse (NRC Ottawa)

The motion of CH4 molecules encaged in a D2O clathrate lattice has been
studied at six temperatures between 5 and 77 K by incoherent inelastic neutron
scattering. In the previous report (PR-PHY-1:3.5.6 (AECL-10332)) we discussed
how these experiments verify the free quantum-mechanical rotation of the CH4
molecules within their cages. Here, we report the information on the transla-
tional motion of the CH4 molecules that these experiments provide.

We have performed classical molecular dynamics calculations for 368 D2O mole-
cules and 64 CH4 molecules ( 2 x 2 x 2 unit cells) at 68 K, obtaining results for
the translational velocity spectrum f(oj) similar to those reported earlier
(J.S. Tse et al., J. Chem. Phys. 81 (1984) 6146) for a smaller system at 103
K. The calculated f((o) is found to be in good qualitative agreement with the
present neutron measurements, and shows that the translational motion of the
CH4 molecules is strongly coupled to the vibrations of the host lattice and is
heavily damped at the higher temperatures. This may provide a mechanism for
the anomalous glass-like thermal conductivity of these hydrates. An account of
this work has been written up and submitted to J. Chem. Phys. It will also be
reported at the ICNS '91 conference in Oxford in August.

3.5.2.6 Xe and Kr in H2O Clathrate Lattices

V.F. Sears with B.M. Powell (Neutron and Solid State Physics) and
J.S. Tse (NRC Ottawa)

We have recently begun an analysis of neutron inelastic scattering measure-
ments of Xe and Kr hydrate at 13 and 30 K. These hydrates both have H2O
clathrate host lattices but with slightly different-sized cages: Xe corres-
ponding to a structure I clathrate and Kr to structure II. The neutron scat-
tering in these hydrates is almost entirely incoherent scattering by the H
atoms so that the measurements should allow one to determine the phonon
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density of states of the host lattice. The results will be compared with
molecular dynamics calculations performed at NRC.

An earlier discussion (PR-PHS-P-6.7.7 (AECL-9859)), based simply on the scat-
tered-neutron distributions themselves, was somewhat inconclusive because the
distributions are rather similar. It is hoped that characteristic differences
may be revealed more clearly once the neutron data have been analysed to
obtain normalized phonon density of states curves.

3.5.2.7 Interaction of Neutrons with Condensed Matter

V.F. Sears

The review article with the above title has now been completed and sent to the
editor for inclusion in the forthcoming "Handbook of Neutron Scattering" to be
published by Springer-Verlag, Berlin.

3.5.2.8 AECL Cold Neutron Source

V.F. Sears with E.C. Svensson and W.J.L. Buyers (Neutron and Solid
State Physics), J. Hulbert (Accelerator Physics), W. Mellors
Mechanical Equipment Development), P.M. Brewster (Reactor Physics),
N.D. MacDonald and H. Graper (Project Management), Y. Zeng (Safety
and Reliability Analysis), and D.W. Patterson, R.W. Farquhar,
C. Sabanski and C. Chung (Design and Engineering Branch)

See PR-PHY-2; 2.5.3.5 (AECL-10420)

3.5.3 Fundamental Theoretical Science
3.5.3.1 Fractional Statistics in Geometric Quantization

H.C. Lee with Z.Y. Zhu (Beijing, China)

We have shown that in the geometric quantization formulation, fractional sta-
tistics in a quantized system of N indistinguishable particles in two spatial
dimensions arise from the nontrivial cohomology of the flat connection on the
quantum line bundle as well as from the nontrivial homology of the configura-
tion space. The propagator of a nonrelativistic interacting system with frac-
tional statistics has been derived.

3.5.3.2 Parafermionic Representations of Quantum Groups

H.C. Lee

We have shown that, because of the additional structure in the Hopf algebra of
a quantum group known as comultiplication, quantum groups over a c-number
field may have representations that are supersymmetric and parafermionic.
For classical Lie algebras, supersymmetric representations are possible only
over a field containing anti-commuting numbers (a-numbers), and parafermionic
representations describing "particles" with fractional statistics are not
possible.
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Comultiplication in algebra is analogous to the Leibnitz rule in calculus.
Given the action of the differential operator D on x, Leibnitz' rule tells us
what the action of D on the tensor xy is. Normally one has

D(xy) = (Dx)y + x(Dy).

A possible modification is

D(xy) = (Dx)y - x(Dy),

which signifies that D and x are anti-commuting variables.

In Hopf algebra, given the action of (say) the raising +operator X+ on a state
a, the comultiplication also specifies the action of X on the tensored state
a®/?. In certain representations, the comultiplication could be such that

X+(a®£) = (X+a)®y5 + (phase)a® (X+0),

even though no a-numbers are employed. When the phase is - 1 , we have super-
symmetry. When the phase is a rational root of unity, we have fractional
statistics.

3.5.3.3 Quantum Holonomy

H.C. Lee with Z.Y. Zhu (Beijing, China)

We have shown that, in a non-Abelian quantum field theory without anomaly and
broken symmetry, the set of all matrix-valued quantum holonomies

if Adx
¥[y] = < Pe J r > , for closed contours y, forms a commutative semigroup, whereas

i<|> Adx
< P e J a > sO for every open path a. The eigenvalues <P[y] of ^[y] are classi-
fied according to the irreducible representations of the gauge group. In an
irreducible representation p, TrCP[y]) = &[y]Tr(l) is a Wilson loop. This equa-
tion solves a puzzle in the relation between link invariants and Wilson loops
in the Chern-Simons theory in three dimensions when the gauge group is
SU(N|N), and provides useful insight in understanding nonperturbative quantum
chromodynamics as a string theory.

3.5.3.4 Spontaneous Breaking of Topologica) Symmetry

H.C. Lee with W.D. Zhao (Western University)

The spontaneous breaking of topological symmetry induced t> a vanishingly
small symmetry-breaking term has been investigated. We have found that, in
the presence of Gribov zero modes, topological theories without a smearing
term, which are inequivalent to theories with smearing terms, permit spontan-
eous symmetry breaking.
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3.5.3.5 "Duality" of Cyclic Representations of U (<«(n,C)) at qp=l

H.P. Leivo

Cyclic representations of quantum groups are ones in which repeated applica-
tion of 'raising' or 'lowering' operators eventually takes a state into
itself. For the case of the deformation parameter q being a root of unity,
q =1 say, a cyclic representation of U<j(*43,C)) on an appropriate subspace of
the tensor product V has been constructed (Date, Jimbo, Miki, Miwa, Preprint
RIMS-696 (1990)) out of expressions in operators X, Z on a vector space V,
with actions Xv =qQ(v , Zv =v on a basis {v }, v =v . We have discovereda n a a a-i l or N o
that interchanging the operators X and Z in these expressions yields another,
distinct, cyclic representation on a different subspace of V m. An intuitive
understanding of this symmetry or duality is obtained by considering the

square array of vectors v=qp\ , on which X and Z act by horizontal and verti-
cal shifts respectively. The interesting question under study is whether this
appealing duality persists for the considerably more intricate generalization
given by Date et al. (Preprint RIMS-703 (1991)) to Uq(<w(n,C)) for arbitrary n.

3.5.3.6 Surfaces of Higher Genus in 2+1-Dimensional Gravitation

H.P. Leivo with R. Kantowski (U. of Oklahoma) and H.T. Cho (Academia
Sinica, Taipei)

We have begun an investigation of the application of the Selberg trace formula
to physics, and the related description of higher genus surfaces through
Fuchsian groups. The formula appears in works on string theory, for example,
where results are given in terms of it or the related Selberg C-function, but
a survey of the physics and mathematics literature has turned up no actual
evaluations of these, save asymptotic estimates. Attempts are underway at an
explicit evaluation which, even for a genus 2 surface (a 'doughnut' with two
holes), becomes an involved exercise in combinatorics and group presentations.
In a similar vein, gravitation in 2 + 1 dimensions is known to be exactly quan-
tizable, but explicit expressions for genus 2 or greater are not known. The
trace formula is expected to be of some relevance.

3.5.3.7 Quantum Symmetries Associated with the Perk-Schultz Model

M. Couture

The Perk-Schultz model is a two-dimensional integrable lattice model for which
an exact solution has recently been given by de Vega and Lopez (Preprint,
Paris, 1991 April). Recent studies suggest that, in addition to the usual
q-deformed supersymmetry, there exists another symmetry associated with this
model. It was the purpose of this work to examine this question. Our start-
ing point is the family of solutions R of the braid relation one extracts from
the Boltzman weights of this model. Following Manin (Comm. Math. Phys. 123
(1989) 163), we identify elements of a quantum group as endomorphisms of a set
of non-commutative spaces also known as quantum planes. This set is composed
of two quantum spaces which are dual to each other. Starting with the quantum
spaces defined from R, we draw a parallel between the algebraic structures
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(quantum groups and quantized universal enveloping algebras) that are associa-
ted with two different definitions of duality and show that different duality
conditions at the level of quantum spaces translate in a different duality
condition at the level of quantized universal enveloping algebras. These two
ways of defining duality are shown to be related to the solutions of the
graded and non-graded Yang-Baxter equations (without spectral parameters).
Examination of a simple case suggests that this other symmetry, which one may
view as another version (at the quantum level) of supersymmetry, does not have
a classical limit. This simple example is shown to be related to Uq(*^2,€))
at q=i, where i is the square root of -1. A paper discussing these results
has been submitted for publication.

3.3.3.8 Magnetic Field Model for the Chalk River Superconducting Cyclotron

G.E. Lee-Whiting with W.G. Davies (Nuclear Physics), G.D. Pusch,
TASCC Accelerators and Development), and S.R. Douglas (Mathematics
and Computation)

See PR-TASCC-2:3.2.10 (AECL-10431)
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HOLE SUPERCONDUCTIVITY IN OXIDES: A TWO-BAND MODEL
J.E. Hirsch and F. Marsiglio
Phys. Rev. B 43 (1991) 424

GAP FUNCTION AND DENSITY OF STATES IN THE STRONG-COUPLING
LIMIT FOR AN ELECTRON-BOSON SYSTEM
F. Marsiglio and J.P. Carbotte
Phys. Rev. B 43 (1991) 5355

SPECTRAL FUNCTION OF A SINGLE HOLE IN A TWO DIMENSIONAL
QUANTUM ANTIFERROMAGNET
F. Marsiglio, A.E. Ruckenstein, S. Schmitt-Rink and CM. Varma
Phys. Rev. B 43 (1991) 10882
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H.B. Mak, J.K. Johannson, J.A. Kuehner and J.C. Waddington
Nucl. Phys. A 526 (1991) 407

ON SOME QUANTUM R MATRICES ASSOCIATED WITH REPRESENTATIONS
OF Uq(*<2,c)) WHEN Q IS A ROOT OF UNITY
M. Couture
J. Phys. A: Math. Gen. 24 (1991) L103

A NEW FAMILY OF N-STATE REPRESENTATIONS OF THE BRAID GROUP
M. Couture, H.C. Lee and N.C. Schmeing
in 'Physics, Geometry and Topology', Ed. H.C. Lee (Plenum, 1990), pp. 573-582
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TANGLES, LINKS AND TWISTED QUANTUM GROUPS
H.C. Lee
in 'Physics, Geometry and Topology', Ed. H.C. Lee (Plenum, 1990) pp. 623-655

HOPF ALGEBRA, COMPLEXIFICATION OF Uq(«w(2,C)) AND LINK INVARIANTS
H.C. Lee
in 'Fields, Strings and Quantum Gravity', Eds. H.Y. Guo et al. (Gordon &
Breach, 1990), pp. 91-110

A HOPF ALGEBRA BASED ON THE PATERA-ZASSENHAUS GRADING OF A
n

N.C. Schmeing
J. Phys. A: Math. Gen. 24(1991)1971-77

3.6.2 Lectures

SUPERALLOWED BETA DECAY
I.S. Towner
Colloquium given at McMaster University, Hamilton, 1991 March 20

RENORMALIZATION OF OPERATORS IN THE NUCLEAR MEDIUM
I.S. Towner
Invited talk at the TASCC Symposium at CRL to honour T.K. Alexander,
1991 May 31

EXPERIMENTAL PREDICTIONS OF THE HOLE MECHANISM
OF SUPERCONDUCTIVITY
F. Marsiglio
Invited Paper given at the XII Winter Meeting on Low Temperature Physics,
Morelos, Mexico, 1991 January 15

REPORT ON THREE CONFERENCES (OAXTEPEC, DAVIS, AND MORELOS)
F. Marsiglio
Physical Sciences Colloquium, 1991 February 1

COMPETITION BETWEEN SUPERCONDUCTIVITY AND CHARGE DENSITY
WAVE INSTABILITIES IN A 2-D ELECTRON-PHONON MODEL
F. Marsiglio
Colloquium given at the University of Toronto, Toronto, 1991 March 4

SUPERCONDUCTIVITY vs. CHARGE DENSITY WAVE INSTABILITIES IN
THE HOLSTEIN MODEL
F. Marsiglio
Colloquium given at McMaster University, Hamilton, 1991 April 10

CONVENTIONAL SUPERCONDUCTIVITY: IS THE INTERACTION
ELECTRON-PHONON?
F, Marsiglio
Lecture given at the CRL Workshop on "The Art of Neutron Scattering",
1991 June 11
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HIGH-Tc SUPERCONDUCTIVITY: ISSUES, QUESTIONS AND
POSSIBLY ANSWERS
F. Marsiglio
Lecture given at the CRL Workshop on "The Art of Neutron Scattering",
1991 June 11

THEORY OF NEUTRON SCATTERING
V.F. Sears
Lecture given at the CRL Workshop on "The Art of Neutron Scattering",
1991 June 10

2 + 1 GRAVITATION
H.P. Leivo
Colloquium given at the U. of Oklahoma, 1991 April 18

2+1 GRAVITATION
H.P. Leivo
Televised seminar given at the U. of Oklahoma, 1991 April 25

QUANTUM R MATRICES ASSOCIATED WITH REPRESENTATIONS OF
U-.M2.C)) AT ROOTS OF UNITY
M. Couture
Colloquium given at Concordia University, Montreal, 1991 February 27

NUCLEAR ENERGY
M. Couture
Lecture given in three high schools in the Hull-Ottawa region, 1991 May 2-3

QUANTUM PLANES, GROUPS AND ALGEBRAS ASSOCIATED WITH
A FAMILY OF GRADED VERTEX MODELS
M. Couture
Paper presented at the XXth International Conference on Differential
Geometric Methods in Theoretical Physics, CUNY, New York, 1991 June 3-7

QUANTUM GROUPS
H.C. Lee
Colloquium given at the University of Montreal, 1991 May 14

QUANTUM GROUPS: SUPERSYMMETRY WITH GRASSMANN VARIABLES
H.C. Lee
Paper given at the conference "Strings and Symmetries 1991", SUNY,
Stony Brook, New York, 1991 May 20-25

REPORT ON STRASBOURG CONFERENCE
N.C. Schmeing
Physical Sciences Colloquium, 1991 April 11
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