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PREFACE

The reports from the three branches in Physics Division, Accelerator Physics, Neutron
and Solid State Physics and Theoretical Physics, are each presented in separate
sections. Each section features a topical review, highlighting in this report the use of
high-temperature rf and microwave response of materials, magnetic excitations in
hexagonal ABX3 materials, and meson exchange currents in nuclear beta decay.

Noteworthy achievements in the Accelerator Physics program include the successful
operation to design energy of the re-vaned RFQl accelerator enabling now an energy
of 1250 keV. The ECR ion source has operated for greater than 75 hours without
failure and has produced the 100 mA needed for the RFQl accelerator.

The neutron scattering program was again hampered by the NRU Reactor being down
for repair. The good news is that the reactor was brought back up 10 full power in
December thus enabling experiments to begin again. Experiments earlier in the year
were carried out at Oak Ridge (U.S.), Rise (Denmark), National Institute for
Standards and Technology (U.S.) and the Rutherford-Appleton Laboratory (U.K.). A
new high capacity, portable pumping system was commissioned replacing a fixed one
that had become obsolete and allowing now greater use of environment control devices
on all spectrometers.

An analysis of double-charge exchange reactions in nuclei has been used to provide
limits on the radius of the neutron halo in uLi. The most up-to-date, complete and
accurate tables of neutron scattering lengths and cross-sections have been completed.

Continuous quality improvement (CQI) analyses were initiated for all the activities in
Physics Division with the goal to enhance performance and provide better service to
our many customers.

M. Harvey
Director, Physics Division
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1.2 OVERVIEW/ ACCOMPLISHMENTS

J.H. Ormrod

RFQ1 was operated with the new (1250 keV) vanes and rapidly conditioned to full power cw
It was then operated with a proton beam up to 29 mA cw (39cc of design current), h was later
operated at 50% design current, limited by the power density at the beam stop.

The fifth annual technical interchange meeting on cw linacs was held in July and was attended
by twenty people from outside CRL. These meetings serve as peer reviews of the RFQ1 project
and help maintain our position in the forefront of operation of cw linacs. The meeting was \er \
successful in terms of technical discussion and in establishing and maintaining outside contacts.

As part of the development of the Laser Plasma Bcatwave Experiment, the first high dunsin.
fully ionized plasma, at an electron density of 10' cm ' , has been produced by tunnelling
ionization of deuterium gas by a focused high power CO, laser beam from the CRL high power
laser system. Focused laser power densities in excess of the tunnelling ionization threshold al
IO14 watts/cnr have been achieved.

The electron cyclotron resonance ion source (ECRIS), operating with a single 7 mm diameter
extraction aperture, generated the 100 mA proton beam required for the RFQ1 accelerator. The
ion beam was more than eleven times brighter than with the four 5 mm diameter extraction
apertures required by the duoPIGatron ion source.

Six CQI teams have been formed within the branch, and in addition, three branch members are
on teams outside the branch. All teams are well along in the CQI framework, most are at the
stage of interviewing their main customers.

1.3 TOPICAL REVIEW

R.M. Hutcheon

The High-Temperature RF and Microwave Response of Materials

The study of the polarization of materials in time dependent electromagnetic fields was
established early in this century, but the post W.W. II flowering of solid state science, together
with the newly developed high-frequency electronics technology, made possible the engineered
exploitation of the electrical properties of materials in modern radar, communications equipment,
and finally in the semiconductor and microchip industry. These were mostly low power, high
"value added" applications where the product was improved information processing. Only with
the development of efficient high power, long life tubes and of cheap cw microwave magnetrons
did the use of electromagnetic power for materials processing become economical.
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The communications field is interested primarily in room temperature properties (with a few
exceptions, such as high power rf windows) whereas the engineered development of an rf
processing system requires a knowledge of the properties at high temperatures while the
processing (usually involving chemical changes) is proceeding. In particular, one needs to know
the rate at which the material, in its various stages, is absorbing electromagnetic energy. Most
dielectric property measurement systems are limited to 55°C, but a few systems have been
developed for higher temperature measurements: Akyel's group at Ecole Polytechnique in
Montreal heat with microwaves while simultaneously measuring up to 100°C; Salsman at U.S.
Bureau of Mines has extended the range of a shorted coax-line system to 325°C; Tinga at
University of Alberta has recently e-* . " " . of a re-entrant coax cavity to 1200°C. None
of these systems are commercially avaiinulc. mis would not hinder development seriously if
one set of measurements sufficed to charactize a material for all time - unfortunately industrial
materials are always changing, always have impurities and the properties of mixtures of
materials are not well predicted from the properties of components. The inability to measure
high temperature response has slowed the systematic engineering of both microwave processing
systems and of ceramics as high power rf components.

Accelerator Physics Branch has espoused the use of ceramics in high power applications with
such projects as:

(1) the high voltage beamline insulators in the PETRA cavities,
(2) the YAG ferrite in the PETRA and HERA tuners,
(3) the Ferrite 50 ferrite tiles in the MIT/Bates cavity higher order mode absorbers,
(4) the 200 kW cw rf window on the RFQ1 accelerator, and
(5) the use of ferrites as microwave heating elements in ceramic composites.

These projects resulted in an ongoing underlying interest in measuring and understanding the
high temperature properties of low loss, high thermal conductivity materials (rf windows and
substrate materials) and high loss (rf absorbing) materials.

The first in-house electromagnetic properties measurements system was built around spare
2.45 GHz cavities in response to a need of the WEST SOOT SUCKER group to know the
response of ferrite-loaded ceramic filters up to 800°C. Subsequent commercial contracts, some
proprietary, resulted from the refinement of this equipment (including the sale of a system to a
British firm). These included measurements on:

(1) wood composites at high temperatures
(2) typical frozen and thawed soil samples from across Canada
(3) a selection of industrially interesting Ontario minerals up to 800°C
(4) a selection of earthenware ceramics.

Interest in sintering spurred development to higher temperatures over a broad range of
frequencies, and the present system routinely measures to 1400°C over a frequency range from
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400 to 3000 MHz. (A copy of this system was sold to a Canadian firm.) Recent publicity for
this system has produced commercial interest and some requests from the academic community
for collaboration on projects.

The scientific interest in high temperature dielectric measurements stems from the lack of
understanding of the microwave absorption mechanism, i.e., of the polarization relaxation
process. For example, sintering is reported to progress at a much faster rate, at the same
temperature, when microwave as opposed to conventional heating is used. Another problem is
the mechanism of high temperature dielectric heating in aluminas. A very thin amorphous layer
around all alumina crystallites is suggested as a mechanism for high temperature loss but
experimental evidence for this is sparse! The microwave absorption of glasses is high in the
region around Ts, the glass transition temperature, although the measured electron conductivity
is low and the mobile ions (usually sodium) are considered too massive to respond to the field.
These questions are being tackled using the present high temperature apparatus and with the
collaboration of both on-site and external experts in materials analysis.

1.4 SUMMARIES

Ion Source Development

The 100 mA proton beam required by the RFQ1 injector was generated with the demonstration
electron cyclotron resonance ion source (ECRIS) using a single 7 mm diameter extraction
aperture. The brightness of the ion beam was more than eleven times greater than with the four
5 mm diameter extraction apertures required by the duoPIGatron ion source. The fabrication
of the prototype ECRIS was completed and testing was begun. The emittance measuring, water
cooling and electrical grounding systems of the Ion Source Test Stand were all upgraded.

Ion Linear Accelerator Development

Operation with the revaned RFQ (RFQ1-1250) was continued. Rf conditioning proceeded fairly
quickly and beam was accelerated to design energy. The beam stop failed at 30 mA cw (33%
of design current) and modifications are in progress to increase the area of the beam on the beam
stop and improve the beam stop cooling. During the conditioning process an irreversible shift
in the RFQ resonant frequency was observed. This was traced to a shift in the vane position due
to thermal distortion. After restoring the vanes to their original position, there has been no
permanent frequency shift noted after repeated high power operation. Measurements with the
four-aperture ECRIS have been completed and the single-aperture ECRIS is now installed. The
first 250 kW cw klystrode tube has been operated above design power although the acceptance
tests have not been completed. The transformer building adjacent to Bldg. 610 has been
completed.



1-5

Electron Linear Accelerator Development

Experiments continue on the BEDROCS structure in an effort to understand the effects on the
electron beam of fields generated by the coupling slots. The chopper cavity has revealed fine
detail in the beam shape as a function of injection phase angle. The rf system is being
rearranged to increase the power to the chopper and to allow further investigation of this
problem which could prevent the use of on-axis coupled structures for high quality applications.
The PHELA structure continues to be used for gemstone irradiation. Thirteen (2 kg) batches
of gemstones were irradiated during the period for two commercial customers.

Laser Acceleration of Particles

High density plasmas have been generated by the multiphoton ionization of deuterium gas by a
focused laser beam. A physical model for the hydrodynamic simulations of a plasma waveguide
has been obtained. Modifications to the front-end of the CO: laser system have resulted in better
synchronization of the two laser lines and excellent smoothing of the laser pulses.

Superconducting Cyclotron

Performance and maintainability of the electrostatic deflector have been improved by the use of
Cr,O,-coated alumina insulators. A shortened model of a new deflector geometry with
intermediate guard electrodes to improve high voltage performance has been operated
successfully in 0.5 T magnetic ;nduction in a test stand.

Synchrotron Radiation Source for Canada

Support has been provided for the Canadian Institute for Synchrotron Radiation and studies of
electron storage rings using superconducting elements have been continued.

Application of Radiofrequency Waves to Materials

The high temperature dielectric measurement apparatus has been tested on 2 hour sintering runs
at 1500°C. Collaborative studies with University of Florida, Materials Engineering Department,
have demonstrated the measurements of the microwave response of "green" alumina pellets
during processing. These are believed to be the first such measurements.
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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 operated successfully for a full year
on the RFQl injector with four 5 mm diameter extraction apertures. The unusually high proton
fraction of the source implies that, in principle, a single aperture should suffice. An extensive
series of experiments verified that the proton current required for RFQl can be achieved with
a corresponding dramatic increase in brightness.

Emittance measurements were made for a range of beam currents and extraction voltages using
a single extraction aperture of 4, 5, 6 and 7 mm diameter and an extraction gap of 6, 7 and
8 mm. The results are summarized in Fig. 1.5.1. A beam current density of up to 390 mA/cnr
was generated with as little as 725 W of microwave power at a hydrogen mass flow rate as low
as 0.75 /xg/s. The total beam current of 125 mA required by the RFQl injector was generated
with a single 7 mm diameter extraction aperture using an extraction gap of 7 mm. The
normalized rms emittance at 50 kV was 0.13 TT mm mrad or approximately four times better
than the best achieved with the four aperture extraction system.

As an aside, the emittance was found to vary significantly wit!; the pressure in the beamline.
presumably because, at the low feed gas flow rates required by the ECR ion source, the residual
gas was inadequate to ensure adequate neutralization of the beam. The optimum pressure proved
to be about 4x10'' torr. In order to achieve the appropriate pressure, the 3700 L/s pump was
turned off leaving only a 700 L/s pump and, in addition, gas was bled into the vacuum manifold.

1.5.1.2 Prototype Electron Cyclotron Resonance Ion Source

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

The prototype ECR ion source is intended to be a more rugged and more serviceable upgrade
of the demonstration ECR ion source. The fabrication of the prototype ECR ion source was
completed. Initial testing produced substantially lower current densities than those achieved with
the demonstration ECR ion source. The influence of each of the many small differences
between the two ion sources was investigated. The introduction of a 10 mm thick quartz plate
into the waveguide adjacent to the aluminum nitride window gave current densities comparable
to the best achieved with the demonstration ion source. The lifetime of the O-ring on the
microwave window is limited at high power. Devices to redistribute the thermal load and/or
improve the cooling of the window are being considered.
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The design of the prototype solenoids used on the ECR ion source was modified to incorporate
a rigid enclosure and an adjustable stage.
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1.5.1.3 Ion Source Test Stand

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

Electronic equipment frequently tripped off when a spark was generated by the ion source
undergoing testing. The grounding of the Ion Source Test Stand (ISTS) was thoroughly
reviewed and completely revised. Al! brounded equipment is now atLached to a single tie point
which, in turn, is connected to the site ground by a #4/0 cable.

The pressure at the service water header repeatedly fell below 130 kPa (20 psi), tripping the
vacuum system. Severely corroded galvanized piping throughout the test stand laboratory was
replaced by copper lines.

The data acquisition program for the emittance measurement system was modified again for
increased speed. A complete scan for a single aperture ion source now takes only 12 minutes.

1.5.1.4 Commercial

T. Taylor and T. Tran-Ngoc with E.C. Douglas (Mechanical Design Branch)

A design for a 40 kW graphite faced beam stop for the Tokamak de Varennes neutral beam
source was developed under a contract from the Institut national de la recherche scientifique
(INRS). The concept was substantiated by a test in which four overlapping graphite tiles and
a stainless steel flange were successfully brazed to a copper block. Detailed engineering
drawings were prepared.

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 new vanes (RFQ1-
1250), which provide double the output energy of RFQ1-600, have begun. Preliminary
operation is satisfactory but currents have been limited to 35% of design because of beam stop
limitations. Development work on components and subsystems for cw accelerators continue.
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1.5.2.1 F^Ol Injector

1.5.2.1.1 Operation with ECR Ion Source (ECRIS)

G.M Arbique and M.H. Thrasher

The demonstration ECRIS with a four aperture extraction column is still in use on the injector.
Source operation continues to be reliable and over 75 h of operating time was logged without
failure of components. The source was disassembled once for inspection and other than erosion
of the dielectric at the plasma apertures and at the rf window, the source was in good condition.
Hairline cracks on the acce! electrodes, which had been noted after the first operation, had not
grown and do not appear to have adversely affected operation.

e problems have been noted with beam quality on the demonstration ECRIS. Under certain
operating conditions the beamlet currents are unequal and the beam steers. Best operation
appears to be with a high rf power and lew gas flow. Since commissioning, some degradation
of beam divergence has apparently occurred as losses on the injector solenoid aperture have
increased. These effects may be related to the erosion of the dielectric near the apertures on the
plasma aperture plate.

1.5.2.1.2 Direct Injection Experiment

G.M. Arbique

Among the numerous advantages offered by the ECRIS, the high proton fraction ranks it as a
viable candidate for direct beam injection to an RFQ. Direct injection to RFQ1 is of interest
since a reduction in injection beam emittance growth mechanisms can be achieved by minimizing
both the length of the Low Energy Beam Transport system (LEBT) and the number of focal
elements. Simplicity of design, control requirements, and cost of the LEBT are also significant.

The viability of direct injection with the ECRIS source will be studied in an experiment on
RFQ1. The design for the experiment is complete, the major components are available and
installation will begin shortly. The direct injection experiment will not be a permanent
installation and the existing injector will be reinstalled after the experiment.

To minimize the cost and time for the experiment, existing LEBT components will be used
wherever possible. Essentially, the exit beamline from the injector vacuum box to the RFQ,
with a single focusing solenoid, will comprise the LEBT. Only minor modifications to shield
against beam spill will be required. During the experiment the injector vacuum vessel will be
removed, cleaned and fitted with a clean cryo-pump vacuum system. The injector support frame
will be left in place to support the LEBT and source mounting table. The source will be run
with the low-emittance high-brightness single-aperture (7 mm diameter) extraction column
developed in recent experiments on ISTS.
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Design calculations for the direct injection experiment were made using the codes TRANSOPTR
and PARMILA. The fitting routine in TRANSOPTR was used to optimize the beam line design,
with the source emittance and RFQ acceptance constraints. PARMILA was used to estimate
beam losses in the LEBT.

1.5.2.2 RFO1-1250 Accelerating Structure

1.5.2.2.1 Operation

R.J. Burton, A.D. Davidson, G.F. Morin, J.Y. Sheikh and T. Tran-Ngoc

The new RFQ1-1250 vanes made from GlidCop AL-15 were conditioned to full power.
Multipactoring and sparking characteristics were similar to the old structure which had steel
vanes clad with OFHC copper. The conditioning process was completed considerably faster than
the original structure, however the rest of the structure had already been conditioned with the
old vanes and with the previous experience, the learning curve was much steeper.

Both ends of the accelerating structure were removed after initial operation for internal
inspection. All surfaces of the resonator were in good condition with no evidence of excessive
sparking. Measurements of the vane gaps confirmed the vanes had moved. The gap between
the vanes had increased by 0.2 mm at the high energy end and 0.1 mm at the low energy end.
The vanes were moved back to their original position within 0.03 mm with a resultant upward
frequency shift of 1160 kHz, slightly higher than original.

The vane movement was probably due to distortion of the vanes with heating from a compressive
force through the racetrack seals, however there is no way to confirm this. After restoring the
vanes to their original position, there has been no permanent frequency shift noted after repeated
high power operation.

The vanes do have elastic movement due to high power thermal expansion. This movement was
measured to be about 0.07 mm at the ends and 0.03 mm at the longitudinal centre. This is
considerably less movement than seen on the old vanes and is consistent with temperature
measurements at the racetrack seals. Although the vane shape is altered and the cooling has
been improved, the improvement is better than predicted by roughly a factor of two.

1.5.2.2.2 Transmission Measurements

G.M. Arbique, J.Y. Sheikh, L.W. Shankland and A.D. Davidson

Up to 30 mA has been accelerated through the RFQ1-1250 structure. Several factors have
contributed to not reaching the design current level. The higher beam power, due to doubling
the output energy, resulted in the emittance measuring unit (EMU) slits melting at the 30 mA
level. Consequently, the EMU beamline has been lengthened to halve beam power density.
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Another factor is a low RFQ transmission, = 15% lower than that measured on RFQ 1-600, at
under-matched currents with the ECR source. This may be the result of a lower transmission
through the structure and/or a poor beam quality from the source. Emittance measurements
from the RFQ are similar to measurements on the 600 keV structure. Experiments to increase
current, and measure transmission and emittance are continuing.

1.5.2.2.3 Emittance Measurements

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

The RFQ emittance data acquisition hardware/software system has been modified to give the
main and Faraday cup slits separate computer I/O ports which permits control of the slit motion.
These changes permit simultaneous movement of the slits and have helped to reduce the time
required for a scan to about 2 minutes. The slit motor speed table and the scan range
parameters are now contained in an ASCII file and can be easily modified using any editor.

A new current amplifier (similar to the one now in service) was bought. This unit includes a
meter for visual current readout and is computer programmable. A program was written to give
a scatter plot of the emittance chla and a plot showing all the scan traces.

Some modifications were also made to the ISTS emittance acquisition program to reduce the
scan time, now down to about 10 to 15 minutes.

1.5.2.2.4 Data Acquisition System

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

Modifications have been made to the data acquisition system to improve reliability and provide
additional features. Software has been added to provide a second display monitor in the control
room and include interlock testing subroutines. A program to provide computer controlled
restart of the RFQ is being written. The Taurus i/o interface hardware is no longer
manufactured so additional Opto-22 boards have been ordered to allow system expansion.

1.5.2.3 RF System

1.5.2.3.1 400 kW CW Triode System

J.Y. Sheikh, L.W. Shankland and A.D. Davidson

The rf system was used to condition the RFQ-1250 tank. At the resonant frequency of 266.829
MHz, the tank conditioning started with a pulse of 30 /xs, 100 Hz for 22 minutes. The tank
accepted very little power. Switching to cw and letting the tank outgas, the rf broke through
after 15 minutes.
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As we continued in the cw mode the power
acceptance kept getting better and after 15 hours
and 40 minutes in cw and 22 minutes of pulsing,
the tank was conditioned to 150 kW. Fig. 1.5.2
shows the time taken to reach full power
excluding the time (a total of 5 hours spread over
several days) taken to reach the previous day's
level. The structure was conditioned to 'full'
power (i.e., 77 kV vane voltage as indicated by
x-ray end-point measurements) and very shortly
after, the first beam of 25 mA was achieved.

A constant downward shift in the tank frequency
was noticed over the seven days of conditioning.
The cold frequency shifted downwards by
729 kHz to as low as 266.012. This permanent
frequency shift was traced to vane movement.

2.0 4.0 6.0 8.0
Conditioning Tune (Hour)

Fig. 1.5.2 RFQ1-1250 initial conditioning
time.

After one normal shutdown, the 500 watt amplifier failed. The unit was sent to the
manufacturer for repair. When it was returned, conditioning was difficult because the tank
frequency was higher than the tetrode and triode frequency. Both were retuned, after which the
system operated much better.

For the past several months, the operation of the triode filament controller has been marginal.
This unit is obsolete, replacement components are unavailable and insufficient data are available
to determine substitute components. The operation recently has deteriorated further in that now
the controller voltage is hunting thus affecting the triode power output by 10-15 kW. Attempts
to improve the operation of the controller by either modifying or replacing some marginal
components are being tried.

The rf blanking box version 3.0 was completed and installed. The rf blanking box can now
accommodate digital inputs such as high temperature or arc occurrence to cut off the low level
rf. The blanking box was also used during the acceptance testing of the high power circulator.

1.5.2.3.2 High-Power-Klystrode RF System (HPKRFS)

J.Y. Sheikh

The final klystrode tube is being developed at Varian. It was operated in excess of specified cw
power and produced 290 kW cw at 70% efficiency. After a few days of operation at full power,
the acceptance tests were scheduled for early December, but were aborted due to technical
problems. These problems have been solved and acceptance tests are now scheduled for late
January.
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The high power circulator was received and 'lie acceptance tests were conducted at CRL. The
specifications for the circulator are an operating frequency of 267 ± 3 MHz with a forward
power o\~ 250 kW maximum and a continuous reflected power of 125 kW. The circulator passed
these tests without any problem. For full reflection at different phase, a high power short and
different combinations of X/S and X/4 coaxial line pieces were used with a 200 kW resistive load
to absorb the reflected power. On suggestions from the manufacturer, tests were conducted with
reflected power as high as 250 kW. The circulator had no problem in handling twice the
specified reflected power.

The transformer building is finished and one transformer shipped by CEC has been placed on
one of the pads. Two 2400 volt disconnect switches have been moved from Bldg. 508 and 466
to Bldg. 610 and the feed from Bldg. 467 is being connected.

1.5.2.4 Study of GlidCop AL-15 Material

T. Tran-Ngoc and D.G. Hewitt

Two pill box cavities for measurement of the Q of GlidCop AL-15 at cryogenic temperature
were made by us and copper plated by the Los Alamos National Laboratory (LANL). Copper
plating was done at the joint surfaces to prevent silver diffusion when brazing. One cavity was
hydrogen brazed successfully at LANL, the other was vacuum brazed at CRL but failed due to
blistering of the copper plating. The reason for the failure is not fully understood but the quality
of the plating is the main suspect.

The Q enhancement factor, QEF, defined by:

QEF = Cavity Q at temperature/Superfish Q

was measured by LANL on the hydrogen furnace brazed cavity. The results are: i) at 20 K,
QHF cf the GlidCop cavity is 2.92 compared with 4.34 and 2.40 for OFHC and Te-Cu cavities
respectively; ii) at room temperature the values are 0.90, 0.96 and 0.86 for GlidCop AL-15,
OFHC copper and Te-Cu, respectively.

We were successful in making good vacuum tight joints with gold brazing alloy (50% gold, 50%
copper) in both foil and wire forms without any plating of the joint surface. The brazing
operation was done at 1000°C in a vacuum furnace. Brazing samples were sent to System
Chemistry and Corrosion branch for SEM analysis. The results show that the joint, although
vacuum leak-tight, contains some voids or gaps. No difference was detected in the grain
structure of the brazed samples when compared to that of the material in the as-received
condition, indicating that no noticeable recrystallization was taking place.

Measurements of the hardness of the material in several different conditions do not show any
conclusive difference between the as-received and after-brazed conditions, although some after-
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brazed samples were subjected to several heating cycles including twice at 1000°C. The
measured hardness ranged from 57 to 67 on the Rockwell B scale (68 is reported by the
manufacturer for the material in the as received condition).

Nev, nickel striking and plating baths were set up using information obtained from the GlidCop
manufacturer. Plating done with nickel strike on stainless steel and GlidCop samples have
higher adherence quality than that done without striking. An updated procedure for cleaning,
striking and plating with the new baths has been prepared.

1.5.2.5 SUPER1G - A Superconducting Factory-Accelerator Study

J.A. Hulbert, F.P. Adams, B.G. Chidley, R.M. Hutcheon and J.Y. Sheikh

In a factory-scale accelerator, the power for exciting the accelerator cavities, while significant,
is such a low fraction of the total beam power that it might seem irrelevant to use
superconducting material for the cavities. The resulting power saving would hardly compensate
for the added complexity and cost of the accelerating structure.

However, recent advances in the rf performance of superconducting niobium have resulted in
the achievement of accelerating gradients of more than 10 MeV/m in test cavities. Since the
power optimisation of a lossy normal-conducting structure reduces the usable gradient to
1 MeV/m or less, it would seem appropriate to re-open the case for superconducting cavities in
a factory-accelerator. Certain length-dependent costs could be reduced many-fold, and it is
interesting to enquire whether such cost savings could counter the increase costs due to the
necessary cryogenics, and compensate the complexity of the added cryogenics.

A study group has been considering possibilities for the design of a superconducting proton linac
with an output beam of 150 mA continuous current at 1 GeV. A feasible design, using state-of-
the-art niobium cavities operating at 500 MHz at a temperature of 4.6 K has been proposed, and
the approximate costs are being estimated and compared with the cost of a normal structure with
a similar performance. The only part of the design that has not been technically proven in
current high energy accelerator developments are the rf power couplers to the cavities. The
factory-accelerator would require couplers capable of transmitting a power of 500 kW per unit.
Couplers developed for the HERA superconducting accelerating cavities have be^n operated to
100 kW, and tested with room temperature loads to 300 kW.

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
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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 BEDRQCS

F.P. Adams, E.R. Gaudette and J. Ungrin

The BEDROCS aligned-slot structure has been operated as part of an experiment to observe and
measure the rf phase dependence of the beam distortion produced by quadrupole fields in the
structure. The beam-chopping system on the BEDROCS aligned-slot structure was installed and
operated in the PHELA facility. This system uses rf fields to sweep the beam from the electron
gun across a slit, producing microbunches with a small rf pnase width.

Space charge effects in the low-energy beam from the diode electron gun caused the swept beam
to expand to a large diameter before reaching the scan slits, and resulted in poor chopping.
Modifications to the electron gun system have reduced the gun current by a factor of 8, and
eliminated the space charge effects. Images of the beam made on radiation dosimetry films
indicate that the phase width of the microbunches produced by the chopper is now 15°-20°, if
either a 3 mm or a 6 mm circular aperture is used as the chopper scan slit.

The use of a small aperture as the chopper scan slit also reduced the influence of the rf
quadrupole fields on the accelerated beam by reducing the area of the accelerator aperture
available to the beam. This made it difficult to observe the effects of the quadrupole fields. The
use of the 10 mm-diameter accelerator structure bore for the chopper scan slit increased the
effect of the quadrupole fields on the beam, but increased the phase width of the microbunches
produced by the chopper to > 30°, making it difficult to observe the phase-dependence of the
effect. The rf power supply to the chopper is now being increased so that a smaller phase width
can be produced using the 10 mm aperture.

The rf window on the BEDROCS structure developed a vacuum leak. Attempts to repair the
window were unsuccessful. It was replaced with a spare and the structure has been operating
since then with no further problems.

1.5.3.2 PHELA

F.P. Adams, E.R. Gaudette, and J. Ungrin

The PHELA accelerator was used to produce electron beams at an energy of 13 MeV for the
commercial irradiation of topaz. Thirteen batches (2 kg each) of topaz were irradiated,
including three batches for a new customer.

Problems with the PHELA rf power supply occurred during July, apparently due to the high
ambient temperature and humidity during this period. Components which were damaged have
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been repaired or replaced, and the system has been operating reliably since the weather turned
cooler in August.

1.5.4 Laser Acceleration of Particles

N.A. Ebrahim

The high power CO, 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 with R. Rankin and 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.

The first phase of our studies included calculations with a two-dimensional cylindrical time-
dependent paraxial wave equation computational code which modeled beam refraction.
diffraction, laser radiation absorption and intensity dependent tunneling ionizaiion.

A prominent feature of this work is the laser beam refraction which occurs in a plasma produced
by multiphoton ionization. A possible solution to the multiphoton induced refraction which
would allow beam propagation over longer lengths is to focus laser radiation onto the tip of a
plasma waveguide. For short laser pulses ion motion is negligible, so that a preformed
waveguide structure, once ionized, should be indestructible up to relativistic intensities. We are
currently formulating a suitable model for hydrodynamic simulations.

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 relevent to our experiments. One- and two-dimensional fluid-particle hybrid
simulation computer models have been developed for these studies.

We have now completed extensive calculations to examine various details of the acceleration by
relativistic electron plasma waves. In two-dimensions we have conducted model studies which
include the non-linear growth of the wave amplitude, the coupling between the longitudinal and
radial motions and finite input beam emittance.
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1.5.4.3 Supersonic Gas Jet Plasma Source

N.A. Ebrahim with N.H. Burnett (National Research Council of Canada)

An alternative to using a static plasma source in laser particle acceleration experiments is to use
a supersonic gas jet where the plasma is produced by multiphoton ionization. Because of its
finite dimensions, this source avoids the problem of multiphoton induced beam refraction that
occurs in a static plasma source at higher densities.

We have carried out detailed calculations to design a Mach 4 supersonic gas jet as a backup for
the static source we are currently using. Detailed measurements of the flow profiles will be
made using a laser wavefront shearing interferometer that will be set up at NRC.

1.5.4.4 High-Power CQ^ Laser System

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

A number of improvements and significant maintenance were carried out on the CO2 laser
system. Very frequent arcing was observed in the main high pressure amplifier. This problem
results in the loss of energy from the system as well as causing serious damage to the main Marx
bank. The problem was traced to the lack of UV-pre-ionization which is essential for a
homogeneous glow-discharge in the amplifier. The main amplifier was completely overhauled
and new pre-ionizer electrodes were installed. Greatly improved performance is now obtained
from the amplifier. A new set of pre-ionizer electrodes were designed and commercially
fabricated to be used as spares.

A new sub-assembly for the laser-triggered spark-gap was designed and fabricated. The sub-
assembly consists of the main laser-triggered spark-gap, the NaCl focusing lens and the ZnSe
beam-splitter, all mounted on an optical rail. This new system allows precise alignment of the
spark-gap with a great deal of ease and has resulted in a better performance of the switch-out
system.

The front-end (oscillator-electro-optic switch-preamplifier) system of the high-power CO2 laser
uses a unique approach to synchronize the two-wavelengths. This approach relies on adjusting
the gain of the two laser lines produced by the oscillator, by introducing two low-pressure laser
sections in the oscillator cavities. This also results in a temporal smoothing of the output pulse.
The gain of the low-pressure sections depends on the operating pressure and the location of the
low-pressure output within the oscillator gain profile. In order to adjust the position of the low-
pressure outputs independently for the two laser lines we have significantly modified the master-
timing generator for the laser device in the existing system by introducing an additional delay
channel complete with electro-optic isolation. The two laser lines can now be optimized
independent of each other to obtain the most reproducible pulse smoothing whilst synchronizing
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the two wave-forms by pressure adjustments in the laser tubes. This has resulted in vastly
improved performance and reproducibility.

1.5.4.5 Laser Plasma Acceleration Experiments

N.A. Ebrahim and R.W. Davis with E.B. Selkirk (Physical Chemistry Branch)

A high-density plasma was produced in the main interaction chamber by multiphoton ionization
of deuterium gas by the focused beam of the CO2 laser system. The plasma was produced in
the static-fill mode. A gas-fill of 1.4 Torr of deuterium results in a fully ionized plasma density
of 1017 cm3.

1.5.4.6 Linear Electron Accelerator System

R.W. Davis and N.A. Ebrahim with E.B. Selkirk (Physical Chemistry Branch)

The accelerator system has been plagued by a number of component failures. The magnetron
tube failed and had to be replaced. The tube failure may have resulted in transients that
damaged the trigger boards, which had to be repaired. The thyratron tube also failed and had
to be replaced. The automatic frequency control system (AFC) was not functioning satisfactorily
and had to be re-set. The difficulty in this system was traced to somewhat noisy signals from
the crystal detectors and high-speed comparators which were prone to oscillations. These
semiconductor chips have now been replaced by more stable ones and the AFC appears to be
performing well.

Electron beam has now been obtained from the linac and the entire system appears to be
performing satisfactorily.

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 Software Upgrade

J.A. Hulbert

Further efforts to complete the debugging of the Version 4 magnet control software (which adds
remote magnet setting capability) have demonstrated a major drawback of trying to develop large
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programs on the LSI-11 system. Because the program fills the limited 16-bit address space of
the hardware, minor code changes lead to memory overflow and then overlays have to be
reorganized, which requires major changes to subroutine structure. It has been decided not to
continue with this development.

Because the program is written in Fortran 77, and only the three CAMAC access and interrupt
subroutines are particular to the LSI-11 and the Interface Standards Crate Controller, conversion
to another processor/crate controller should require only a small effort. It has also been noted,
now that the magnet power supply interface has been modified to conform with local standards,
that a duplicate of a standard beam-line magnet controller could be installed and used for remote
control of the cyclotron magnet without interfering with the protection, lead flow regulation and
logging function of the current Version 3 controller system.

TASCC staff are now reviewing policy for controller development, relative to current ideas on
the selection of TASCC control hardware systems for the future.

Version 3 of the magnet controller software, which fills the available program space but without
overlays, has been corrected and is running the magnet system reliably once again.
Documentation for this version is in preparation.

1.5.5.2 Foil Changer Upgrade

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

Installation of a replacement foil identification system is completed. This system uses a 13-bit
absolute optical shaft encoder to monitor foil position and an E-PROM with associated electronic
circuitry to identify which shroud is in position to intercept beam in the midplane. This system
has been commissioned and is in service.

1.5.5.3 Electrostatic Deflector Development

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

The development of high-voltage insulators for the electrostatic deflector is completed. Alumina
high-voltage feed insulators, coated with Cr2O3 for control of secondary electron-emission, have
operated successfully in the cyclotron and are now the preferred type. They are resistant to
thermal damage, mechanically strong, and can be maintained. During operation, one of them
tracked at the epoxy interface between the alumina body and a Teflon liner in the insulator bore.
In this instance, the liner-to-body gap was too small to allow proper flow of epoxy during the
bonding of the etched Teflon liner to the alumina. The liner was machined out, and a new one
was made and installed. The insulator operated at -100 kV in a high-voltage test stand and was
returned to service.
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Fabrication of components to test a model deflector that has intermediate electrodes between the
deflector electrode and sparking plates is completed. The intermediate electrodes are designed
to operate at half the voltage of the main electrode and are driven by a separate power supply.
The apparatus was assembled in the bore of a dipole magnet that could generate a 0.5 T
induction over the region occupied by the model. The model deflector had full-size
cross-sectional dimensions, compared with the deflector in the cyclotron, but was 20% of the
full length. Water resistors isolated the electrodes from their power supplies and high-voltage
cables. Short alumina post insulators (10 mm long) between the sparking plates and the
intermediate electrodes held the electrodes in place. The model operated up to power supply
voltages of about -100 kV for the deflector electrode and -50 kV for the intermediate electrodes,
with low leakage currents. The magnetic field had no significant effect on performance.

High voltage was provided to the intermediate electrodes via a post insulator that contained in
its bore an isolation resistance formed by a column of high-resistivity flowing water. The
cross-sectional dimensions of the water path components were about half those of the
high-voltage feed insulator for the main deflector electrode. Performance met design
expectations. This insulator will fit into the space in the cyclotron occupied by the existing
alumina post support insulator. Its successful operation demonstrated a method that could be
used to supply high voltage, with appropriate isolation, to an intermediate electrode configuration
in the cyclotron, independently from the deflector electrode supply.

A high-voltage input system, including water header, cable vacuum envelope and interlock
components, was designed and fabricated for a test stand featuring a full-scale deflector in a dee.

1.5.5.4 Magnetic Channel

1.5.5.4.1 Magnetic Channel Upgrade Study

C.R.J. Hoffmann with E.H. Lindqvist (TASCC Accelerators and Development
Branch)

Extensive calculations have been performed to explore the feasibility of enhancing magnetic
deflection in the hill lenses, which would reduce electric fields required in the deflector for
extraction of some ion beams. The results show that if magnetic field perturbations added to
the acceleration region are ignored, then deflector electric fields may be reduced significantly
for some beams. However, when the perturbations are included, the radial momentum at the
deflector entrance becomes more negative. For some ions the required deflector field may
increase. In these calculations the beam setup for the case of no perturbations added is used,
with the exception that rf voltage adjustments are made. Although the additional perturbing
fields are small, they nonetheless have a strong influence on the beam when added to the
perturbations present from all the other iron elements in the extraction system. Calculations are
in progress to identify the features of the perturbations that need improved compensation.
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1.5.5.4.2 Magnetic Channel Maintenance

J.F. Mouris

Erratic tripping of the channel 1 power supply was investigated and seemed to be caused by
noise pickup through the control system circuitry. A filter was added to the 115 Vac input line
of the control circuitry, which reduced tripping. Filtering will be installed for the remote control
circuitry of the other channel power supplies.

1.5.5.5 Computation

C.R.J. Hoffmann

A program to plot emittance diagrams from ray tracing data generated in SUPERGOBL1N has
been extended to provide emittance plots from first and second order transfer-matrix data, also
generated in SUPERGOBLIN.

Code was added to SUPERGOBLIN to calculate beam co-ordinates for a third diagnostic probe
intercepting the beam. This probe is to be located in the open-ended dee, which is traversed by
the injected beam. The probe path is a straight line, offset 42 mm downstream from a radial
line at azimuth 278.2°.

Another program has been written to plot beam-orbit and phase space diagrams. This capability
had been removed when the computing system changed from NOS/BE to NOS/VE. The
program uses the CA-DISSPLA plotting software available on the Cyber 990 computer to plot
the appropriate data generated in SUPERGOBLIN.

1.5.6 Synchrotron Radiation 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) and in a design study on the
application of superconducting magnet technology in low emittance (small beam size) electron
storage rings.

The CISR annual meeting was organized by C.B. Bigham, CISR secretary, for 1991 September
14 in Toronto and a CISR newsletter sent to members in late September. The CISR proposal
to NSERC for study funds (PR-PHY-1, Section 1.5.6) was approved by the "New Facilities"
committee and is now in review. Approval is expected in the spring.



The exploratory calculations on using superconducting elements in compact storage rings have
been continued. Several possible configurations have been identified by scaling existing normal
magnet designs. A choice will require more thorough evaluations and a matching to the
requirements of the users.

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. Hayward (Containment Analysis Branch) and
P. Lucuta (Fuel Materials Branch)

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

Calibration techniques for very lossy, high dielectric constant materials were improved,
extending the reliable range of the real part of the dielectric constant e' to 30 and the loss angle
to 45°. A series of tests and baseline measurements has shown that, with careful handling and
the use of pelletized samples, the fused quartz sample holder can be reliably used at 1500°C for
at least 2 hours without significant deterioration of accuracy in spite of the obvious nucleation
and growth of the cristobalite phase of quartz. A punch and die set was developed for pressing
4 mm diameter pellets from powders. This was necessary for high temperature sintering studies,
as commercial die sets are not available in this small size. The unit has been successfully tested
up to 140 MPa (20 000 psi) on lubricated alumina samples.

During this reporting period, materials studies included:

(a) "High Loss" Materials - Both tungsten oxide (WO,) and 8% yttria - stabilized zirconia
are commercially interesting because of their microwave absorption, but no high
temperature dielectric constant measurements appear in the literature.

(b) Sintering Studies of Alumina - A set of alumina pellets (Sumitomo AKP-15) were held
at 1500°C for two hours and, while densification (conventional sintering) was
proceeding (50% initial density, 73% final), the dielectric properties were measured.
We believe this is the first measurement to follow dielectric changes continuously
during the sintering process.
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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 and J.E. McGregor

The collaboration with the University of Florida continues with CRL measuring the high
temperature dielectric properties of materials, including:

(a) Nuclear waste disposal glasses (SRL-165) containing three different amounts of
simulated nuclear waste. These glasses are to be used at the Savannah River (DWPF)
waste disposal operations, and microwave melting is being proposed for future
installations.

(b) Alumina with varying amounts and types of PMMA (poly methyl methacrylate) binder.
Samples of Sumitomo AKP-15 and AKP-30 alumina with four different binders have
been measured up to 1400°C as part of a binder burnout study. Two clearly defined
peaks in the dielectric loss were found at 230 and 700°C, assumed to be associated with
water evolution from the depolymerization followed by burning of the remaining
carbon. A joint paper on this work will be submitted to the April Materials Research
Society (MRS) meeting in San Francisco. The ability to measure at these temperatures,
while the burnout is progressing, is unique to our apparatus.

(c) Sodium Silicate Glasses and 0" Alumina - Ion migration studies and possible micro-
wave enhancement are being studied.

1.5.9 Mechanical Laboratory

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

The Mechanical Laboratory operates the machine shop and furnaces in Bldg. 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 July 1 to December 31, 1991 was

Accelerator Physics Branch 94.3%
Reactor Physics Branch 5.7%

1.5.9.1 Ion Source Development

The plasma chamber, the boron nitride liners and the extraction column were manufactured for
the prototype electron cyclotron resonance ion source (ECRIS). Single-aperture electrodes and
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spacers were machined for the demonstration ECRIS. The leak detector for the Ion Source Test
Stand (ISTS) was repaired. The design concept for the Tokamak de Varennes neutral beam stop
was substantiated by successfully brazing four interlocking graphite tiles and a stainless steel
flange to a copper block.

1.5.9.2 Ion Linear Accelerator Development

Assistance was provided for the installation of the 1.25 MeV vanes into the RFQ1 structure-
Six end flange and eight tuner assembly copper gaskets were fabricated for the structure. A
shielding shelf was fabricated and mounted, and apertures drilled, on the RFQ lead shielding
wall to facilitate the measurement of x-rays from the RFQ.

Two centre conductor pullers were fabricated for the 9" transmission line on the 400 kW cw
triode system. Six supports and three spool pieces were constructed and two directional couplers
were modified for the line. Seven water-cooled discs were fabricated for resistor assemblies in
the system power supplies.

The main slit on the horizontal EMU beam stop was repaired and a 50 cm spool extension piece
was fabricated for the EMU beam line. A new beam stop isolating flange and two 6" linear pot
mounts were manufactured for the EMU.

A set of blank electrodes for the RFQ1 demonstration ECRIS was machined from a refaced set.
A control panel for the new ECRIS coil power supplies was fabricated. Three RETICON
camera mounts and a 25 mm diameter exit port aperture were fabricated for the RFQ1 injector.
A water leak in the injector solenoid was repaired. An RFQ entrance shielding aperture and a
source mounting thimble were fabricated for the direct injection experiment injection line.

A new nickel strike and plating bath was set-up and brazing tests with a gold alloy (50/50) were
carried out on AL-15. The AL-15 pill-box cavity was vacuum brazed.

1.5.9.3 Electron Linear Accelerator Development

A new molybdenum anode and a series of copper apertures were fabricated for the BEDROCS
accelerator. In addition, several special copper gaskets and waveguide components were
machined. A new rf window was installed on the accelerator following failure of an older unit.
Components for a high-voltage interlock system in the PHELA tunnel were fabricated. A
housing was manufactured for a beam toroid assembly and repairs were made to a vacuum
valve. Components were also made for the vacuum roughing system for this linac.

1.5.9.4 Laser Acceleration of Particles

The main target chamber beam alignment assembly system was fabricated and installed in the
chamber. Several modifications and additions were required before the alignment system could
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be operated to the required accuracy and reproducibility. Two gap monitor EMI shields, two
optical table tops, five alignment targets, four electron charge collectors with adapters and
several beamline supports were fabricated. A leak in the bellows of a dipole magnet vacuum
chamber was repaired, a new centre section for a low pressure laser section was fabricated and
a delrin high-voltage connector was also fabricated. An optical alignment base for the laser
triggered spark gap, beam splitter and focusing lens was also fabricated and installed.

1.5.9.5 Heavy-Ion Superconducting Cyclotron

Components were made for intermediate electrode model experiments. The major items were
the vacuum chamber and its flanges, a high-voltage cable junction, high-voltage water headers,
interlock hardware, and the electrodes and insulator hardware for the model deflector assembly.
The mounting bracket for the chain-drive stepping motor on the foil changer was modified to
allow another shaft encoder to be installed. Components were made to connect the encoder to
the chain-drive gear train. Two water-cooled high-voltage electrodes, and electrodes and Teflon
liners for two alumina feed insulators were made for the electrostatic deflector. A replacement
cooling plate was manufactured for the rf cavity wall in the region of hill #3. A drive-screw
assembly was made for the lower rf tuner.

1.5.9.6 Application of Radiofrequency Waves to Materials

Work on the high-temperature TM multimode cavity system continued, with fabrication of a
variable coupling mechanism, preparation of larger diameter copper, molybdenum and inconel
high temperature calibration samples, and development of a small 4 mm diameter punch and die
set for pressed powder pellet sample preparation.

1.5.9.7 Reactor Physics

A total of 189 man-hours of work was performed for the Reactor Physics Branch, almost all of
it for their COG contract on out-reactor coolant void reactivity studies. Nine separate jobs were
involved. The parts and assemblies produced were for two experimental rigs for studying the
formation of voided conditions in simulated CANDU fuel channels. The techniques developed
will be used for studying coolant void reactivity effects in ZED-2. Additional work is expected
as this program moves towards an experimental program in ZED-2.
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Unpublished report, available from AECL Research, Chalk River, Ontario KOJ 1J0.
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J.F. Mouris and C.R. Hoffmann
RC-659, 1991 August.
Unpublished report, available from AECL Research, Chalk River, Ontario KOJ 1 JO.
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CYCLOTRON
J.F. Mouris and C.R. Hoffmann
RC-760, 1991 December.
Unpublished report, available from AECL Research, Chalk River, Ontario KOJ 1 JO.
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HIGH-CURRENT DC MICROWAVE ION SOURCES
T. Taylor
Paper presented at the 4th International Conference on Ion Sources, Bensheim, Germany,
1991 September 30 to October 04.

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

LASER PARTICLE ACCELERATION EXPERIMENTS
N.A. Ebrahim
Paper presented at the 33rd Annual Meeting of the American Physical Society, Division of
Plasma Physics, Tampa, Florida, 1991 November 4-8.
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ACCELERATOR PHYSICS BRANCH
R.J. Burton
Paper presented at the Canadian Accelerator Conference - CAC 91, TRIUMF, Vancouver, B.C.,
1991 September 30.

THE INFLUENCE OF QUADRUPOLE FIELDS ON BEAM SHAPE IN ON-AXIS COUPLED
LINACS
R.J. Burton, F.P. Adams and J. Ungrin
Paper presented at the Canadian Accelerator Conference - CAC 91, TRIUMF, Vancouver, B.C.,
1991 September 30.

Lectures

HIGH-CURRENT CW LINACS AT CHALK RIVER
G.E. McMichael
Talk presented at the International Workshop on the Transmutation of Radionuclides, Obninsk,
USSR, 1991 July 1-5.

HIGH-CURRENT MICROWAVE ION SOURCES
T. Taylor
Talk presented at a seminar at Triangle Universities Nuclear Laboratory, Durham, N.C.,
1991 November 05.

Patents

CANADIAN PATENT NO. 1 290 470
DUAL ENERGY FOOD IRRADIATOR
J.-P. Labrie, C.B. Lawrence, J. McKeown and J. Ungrin
Issued 1991 October 08.
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2.2 OVERVIEW/ACCOMPLISHMENTS

B.M. Powell

The NRU Reactor remained shut down for much of this reporting period. This
necessitated sending Chalk River scientists to carry out experiments at other neutron
laboratories to maintain both the Condensed Matter program and the Applied
Neutron Diffraction program. Visits for these purposes were made to Oak Ridge,
Riso, National Institute of Standards and Technology (NIST) (U.S.) and ISIS at the
Rutherford-Appleton Laboratory (U.K.). The NRU Reactor restarted in 1991
December and experiments began again on the "old" spectrometers, E3, L3 and N5.
First tests of background were made with the two DUALSPEC instruments and
their full-scale commissioning is now in progress.

The 800-channel multiwire detector of the powder diffractometer of DUALSPEC
has been continuously monitored since its installation to check the electronic
background noise. It has been found that increasing the discriminator voltage
reduces the background noise by a factor of -2 in all channels while reducing the
detector neutron efficiency by only -5%.
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A new cold neutron filter was installed up-stream from the monochromator of the
L3 spectrometer. It is analogous to that at the N5 facility and allows the scientist
to select sapphire, beryllium or no filter, as the experiment requires.

A new high capacity pumping system was commissioned. It is particularly suitable
for liquid helium experiments and can pump, under control, a large bath of liquid
4He from 4.2 K to -1 K in less than 1 hour. This pumping system is completely
portable and replaces the obsolete, fixed system which was dismantled for the
installation of DUALSPEC.

A centre-loading cryostat has been delivered from RMC Cryosystems. It has a
temperature range from 300 K to 1.5 K. It is particularly suitable for service with
polycrystalline samples which are gaseous at room temperature, for it will enable
them to be quenched to helium temperature immediately after their creation as a
solid. The cryostat is presently undergoing acceptance tests prior to its use in the
first experiments on the powder diffractometer of DUALSPEC.

An eleven crystal, vertically-focussing silicon monochromator has been constructed
for use in the polarized beam triple-axis spectrometer (PTAS) of DUALSPEC. It
is designed to use the (111) reflections of Si and preliminary tests of its
performance were made at the E13 spectrometer of the NRX Reactor. On
completion of the commissioning of DUALSPEC, final installation and calibration of
the monochromator will be made in the PTAS.

The technique of trace analysis for Th and U in the acrylic material to be used in
the SNO detector has now been completely standardized as a batch process. Large
volumes of material are now being processed to provide the data which will permit
evaluation of the best supplier for the acrylic.

The thermal neutron capture cross-section of Sr was measured to aid in the
assessment of the feasibility of its transmutation.

Five Continuous Quality Improvement (CQI) teams were formed within the Branch;
three of these were teams focussed on a specific service or customer, ANDI, SNO
and Detector, while the remaining two were more general in nature, CMP1 and
CMP2. All teams succeeded in listing their principal services and principal
customers and developed a set of questions to be asked of their customers in an
interview. These interviews are now in progress.
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2.3 TOPICAL REVIEW - MAGNETIC EXCITATIONS IN HEXAGONAL
ABX3 MATERIALS

Z. Tun

The hexagonal ABX3 materials with A an alkali metal, B a magnetic ion and X a
halogen are usually quasi one-dimensional (ID) systems over a wide range of
temperature. This general behaviour is due to their crystal structure: the path of
the magnetic exchange interaction B-X-B along the hexagonal c axis is much shorter
than the corresponding path B-X-X-B in the basal plane. Consequently, the
exchange constant parallel to c, Jj, is significantly larger than the constant
perpendicular to c, J2, and the materials can be considered as a system of weakly
coupled one-dimensional magnetic chains.

However, because the perpendicular interactions are not zero (although small),
three-dimensional magnetic order develops between the chains below a certain
ordering temperature. The details of the ordered phase depend on the sign and
relative magnitudes of Jj and J2. The magnetic phase diagrams of these materials
are now known to be rich with different ordered phases. In the particular case of
antiferromagnetic (AFM) interactions within the basal plane, the hexagonal
arrangement of the chains can lead to phase diagrams containing multi-critical
points.

There is current interest also in the ABX3 materials with AFM interactions along
the chains. Standard spin wave theory predicts that the first excited state of such
a magnetic system is a doubly degenerate mode which has zero energy at q = 0,
the zone centre. However, the field theory arguments proposed by Haldane in
1984 suggest that the first excited state of the system is a triplet, separated from
the ground state by an energy gap A for magnetic ions with integer spin.
Subsequent numerical calculations on finite integer-spin chains by Haldane and a
number of workers support the existence of the gap. Further the numerical
calculations suggest that the periodicity of the gap mode energy in momentum space
is twice as long as that predicted by the standard theory, a result which cannot be
explained by any model based on a Neel ordered ground state.

The first observation of the predicted gap, now known as the Haldane gap, was
made by neutron scattering at the Chalk River Laboratories in the spin-1
Heisenberg AFM material CsNiCl3 (Buyers et al., Phys. Rev. Lett. 56 (1986) 371).
The unusual properties of the gap mode, namely its triplet nature and the
periodicity of its energy, have also been confirmed by neutron scattering
measurements. The gap has been observed in another spin-1 ABX3 material
RbNiCl3 (Tun et al., Phys. Rev. B 43 (1991), 13331) and also other structures such
as AgVP2S6 (Mutka et al., Phys. Rev. B 39 (1989), 4820. and Erratum, Phys. Rev.
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B 44 (1991), 933) and a Ni-cornplex abbreviated as NENP (Renard et al., J. Appl.
Phys. 63 (1988), 3538). Much experimental and theoretical work is in progress,
especially to obtain a physical picture of the ground state of the spin-1 AFM chains
(Kakwai et al., J. Phys. Conden. Matter 3 (1991), 715 and the references therein),

Although the Haldane gap is strictly a ID phenomenon, its study has led to
renewed interest in the 3D phase magnetic spectrum of ABX3 materials. At Chalk
River Laboratories, recent experiments include those on CSN1CI3, RbNiClj and
CsMnlj The magnetic Hamiltonian of CsMnl3, which is a spin-5/2 AFM, is
qualitatively the same as the two Ni compounds. However, because of the non-
integer spin it does not manifest a Haldane gap. A comparison between the three
materials therefore provides excellent ground to study the effects of the Haldane
gap in the 3D phase. Experiments have shown that the effect of the Haldane gap
is restricted to the vicinity of the 3D ordering wavevector, where a magnetic
excitation not contained in the standard wave theory is observed. The spectra of
the Ni compounds show other disagreements with the standard theory but similar
disagreements exist also for CsMnl^ A recent polarized neutron scattering
experiment, carried out to address one of the outstanding problems in this class of
materials, is reported in 2.5.1.3.

2.4 SUMMARIES

Condensed Matter Science

Inelastic scattering measurements on the intermetallic alloy Q13AU indicated that the
sample, which had been maintained at room temperature during the NRU
shutdown, had acquired a significant degree of ordering. However, elastic scattering
measurements showed satellite peaks suggesting the presence of structural
modulations. Increasing the temperature to 640 K caused dramatic changes in the
positions and intensities of these satellite peaks (2.5.1.1). The phonon frequency
distributions and the derived thermodynamic quantities have been computed from
Born-von Karman models for the lattice dynamics of the intermetallic alloys
Nio.5Alo,5 and Nio.5sAlo.42- The distributions for both alloys show acoustic and optic
mode bands but at the top of the acoustic band, the shape of that for the 58%
alloy is unusual. Further, this alloy has an anomalously low Debye temperature. It
is suggested that these are the result of the anomalous shape of a particular
phonon bianch (2.5.1.2).

Polarized neutron measurements on the half-integer spin Heisenberg antiferromagnet,
CsMnI3, are found to be in contradiction with linear spin wave theory. The nature
of this unexpected result implies that the current theory for the isostructural, but
integer spin systems CsNiCl3 and RBNiCl3 may also be incorrect (2.5.1.3).
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The first efforts have been made to understand long wavelength vibrations in
crystalline 9-methyladenine by means of molecular dynamics simulation calculation^.
The simulation code CHARMM was used to "determine" the high temperature
atomic positions. These positions were then used to calculate the lattice dynamics
of 9-MA. The calculated frequency spectrum at high temperature (498 K) was
found to agree better with the low temperature data than did the calculation for
low temperatures. This anomalous result is thought to be the result of inadequacies
in the intermolecular potentials (2.5.1.4). A major review was completed on the
biophysical aspects of neutron scattering from the vibrational modes of proteins
(2.5.1.5).

At high temperatures the dynamical structure factor for simple fluids is well
described as a superposition of three Lorentzian lines, the "eigenmodes" of the
fluid. For liquid 4He at 4.2 K this description works well, similar to its applicability
to the classical fluids Kr, Ar, Ne. But, for 4He, the intensity of the central line
diminishes rapidly as a function of wavevector. This is in contrast to its behaviour
for the classical fluids. It is not clear whether this resul: is related to the
superfluid property of 4He (2.5.1.6). Excitations in dense gas mixtures of He and
Ne appear to consist of "fast sound" oscillations and "slow sound" oscillations, which
merge at small wavevector to become hydrodynamic sound. However, a long lived
diffusive-like excitation may also exist caused by the interdiffusion of the He and
Ne particles. Recent neutron scattering measurements are thought to have observed
this excitation (2.5.1.7).

The dependency of vacancy concentration on temperature and composition has been
previously measured for Pdln and for AgMg. A recent theory for the vacancy
properties of AB alloys has been used to calculate the properties for these two
particular alloys. The theory successfully describes many of the experimental
observations (2.5.1.8).

Applied Neutron Diffraction

Residual strain measurements were made in a multipass gas-tungsten arc weld
joining two ferritic steel plates. Large tensile longitudinal stresses were found in
the weld and the adjacent plate. These were balanced by compressive stresses at
the periphery of the plates (2.5.2.1).

Measurements were made of the residual strain in a multipass weldment in the
as-welded state and after strain relieving by plastic deformation. For the as-welded
sample, the strains were small, but the strain relieving procedure produced large
strains, with a complex variation with position (2.5.2.2).
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Measurements were made on an inertia-friction welded tube made from Inconel and
Waspaloy superalloys. The maximum strains (tensile) were found in the heat
affected zone, close to the seam. The maximum was slightly greater in the Inconei
than in the Waspaloy. Far from the weld the strain was compressive. The strain
distribution in the radial and axial directions is not understood fully (2.5.2.3).

Neutrino Physics

Many aspects of the SNO Project are proceeding as scheduled: activities on
excavation, vessel analysis and materials, and photo multipliers are proceeding as
planned, but progress on the water systems is less advanced (2.5.3.1). Trace
analysis for Th and U in the vessel acrylic material has been standardized. The
supplier of the acrylic will be selected following test evaluations (2.5.3.2V

Accelerator Related Technology

Possible causes of the discrepancy between experimental data and recently suggested
neutron yields for spallation-based transmuters have been investigated. One possible
reason is found to be neutron multiplication in thicker spallation targets (2.5.4.1).
The thermal neutron capture cross-section of Sr has been remeasured (2.5.4.2).

2.5 INDIVIDUAL REPORTS

2.5.1 Condensed Matter Science

2.5.1.1 Elastic and Inelastic Neutron Scattering By CU3AU

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

Measurements designed to clarify further the effects on the phonon modes of
spinodal ordering near the discontinuous order-disorder phase transition in Q13AU
(see PR-PHS-P-9:6.5; AECL-10196, and B.D. Gaulin, E.D. Hallman and
E.C. Svensson, Phys. Rev. Lett. 64 (1990), 289) were in progress when the NRU
Reactor shut down in 1991 January. Since it was impractical to keep the sample
at a constant high temperature for a protracted period, we cooled it rapidly to
room temperature from a temperature well above the order-disorder transition
temperature Tc - 670 K so as to quench in a large amount of disorder.
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When NRLJ resumed operation, the sample had been at room tempe-ature for
about 11 months and was found to exhibit a substantial degree o< orck;. A
phonon scan at the ordered-state zone-centre position. (221). i.e. the ord'/nrL'
wavevector, showed a clear double-peaked structure rather than the single peA
characteristic of a disordered sample. The two peaks were, however, not quite as
sharp or as well separated as those observed in our earlier measurements at room
temperature on the same sample in a fully ordered state. In spue of the high
degree of order suggested by the phonon scan, the elastic peaks a' the ordering
wavevector positions (110), (001), (003) and (221), whose intensities arc proportional
to the square of the order parameter, were generally much weaker than they had
been when the sample was fully ordered. Further, and surprisingly, several elastic
satellite peaks were observed in the vicinities of the ordering wavevectors with
intensities comparable to those at the ordering wavevectors. These satellites, which
indicate the presence of structural modulations, were mapped out at room
temperature in the regions near (110), (001), (003) and, with particular detaii. (221 i
and measurements at 640 K are now in progress.

Raising the temperature to 640 K caused dramatic changes to the elastic peaks.
For example, the ordering wavevector peaks at (003) and (221) increased in
intensity by a factor of about 8, indicating that a much higher degree of order was
rapidly established at this higher temperature. Some of the satellite peaks
completely disappeared at 640 K, others changed substantially in position and/or
intensity, while others hardly changed at all. The results obtained at 286 and
640 K for (22 n) elastic scans are shown in Figure 2.5.1.1. The measurements in
progress at 640 K and those to be made at higher temperatures, including some
above Tc, should allow us to establish the nature of the structaral modulations in
our CU3AU sample. The intriguing results obtained thus far suggest the possibility
of several interesting time-dependent studies. At the end of the present
measurements, the CU3A11 sample will be carefully annealed to produce maximum
order so that the study interrupted by the NRU shutdown can be completed.

2.5.1.2 Lattice Dynamics and Thermodvnamic Properties of Ni(Al) Alloys

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

Force constant models obtained from Born-von Karman fits to our phonon
frequency data for the alloys Nin.sAln.s and Nirj.58Aln.42have been used to calculate
frequency distributions and, therefrom, specific heat and Debye temperature values
as a function of temperature. An existing frequency distribution calculation
program based on the method of Gilat and Raubenheimer (Phys. Rev. 144 (1966).
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Fig. 2.5.1.1 Elastic scattering from Cu3Au observed in (22 v) scans at 286 and
640 K.

390) was modified for application to the (CsCl) structure of ordered NiAl.
Frequency distribution, g(v), results show acoustic and optic mode bands separated
by a gap between 5.75 and 7.65 THz for the 50% Ni alloy and between 6.20 and
7.85 THz for the 58% Ni alloy. These agree with the gaps in the phonon
dispersion curves along symmetry directions at reduced wavevectors f of (0.5,0.5,0),
M-point, and (0.5,0,0), X-point. Maximum frequencies of 10.60 THz (58% Ni) and
10.80 THz (50% Ni) are in agreement with maxima in the LO symmetry branches
at X and at (0.3,0.3,0.3), respectively. The g(i/) vs. v plots show the expected v2

behaviour at low v, but g(i/) for the 58% alloy does not approach zero at the top
of the acoustic band with the usual (i>gap - v)1' shape.

Specific heat vs. temperature curves have the usual form, with very similar values
for the two alloys, but the Debye temperature values in the temperature range
1-20 K are anomalously low (298 - 346 K) for the 58% Ni alloy compared to the
more usual variation (483 - 409 K) found for the 50% alloy. Limiting high



2-10

temperature values of 461 K and 449 K are found for the 58% and 50% Ni alloys.
respectively. It seems probable that t^e anomalously low Debye temperatures for
ihe 58% Ni alloy arise because of the anomalously low frequencies and anomalous
shape of the [ffO] Tx acoustic phonon branch reported earlier (PR-PHS-P-7:6.1U:
AECL-9995). Further analysis to confirm this or to establish an origin in some
other feature of the phonon dispersion curves is in progress.

2.5.1.3 Polarized Neutron Scattering from CsMnl3

Z. Fun with J-G. Lussier (McMaster University), R. Erwin
and J.W. Lynn (National Institute of Standards and Technology)

The magnetic excitations in CsMnI3, a spin-5/2 Heisenberg antiferromagnetic
(HAFM) material, are expected to be well described by linear spin wave theory
since the spin S of Mn ions is relatively large and its orbital angular momentum
L = 0. Moreover, because of the half-integer value of S, the magnetic spectrum
does not manifest many-body quantum mechanical effects such as the Haldane gap.
It was therefore surprising when a neutron scattering experiment by Harrison et al.
(Phys. Rev. 48 (1991), 679) showed a single, resolution-limited magnon peak at the
wavevector (001), whereas the linear theory predicts two magnon frequencies with a
ratio of J2. This experimental result could be reconciled with the theory if one of
the magnon modes is unusually weak owing to damping. Alternatively, it could
mean that the two magnon frequencies are almost or exactly degenerate at (001)
and thus linear theory fails for CsMnI3.

An inelastic neutron scattering experiment on CsMnI3 was carried out at the NBS
Reactor, Gaithersburg. Unlike the experiment by Harrison et al., a polarized triple-
axis spectrometer was used to measure the neutron scattering cross-section in two
different channels, namely the spin-flip and the non-spin-flip channels. For the
chosen direction of the guide field at the sample position (vertical), the two
predicted magnon branches should appear in the two different channels.
Constant-Q scans performed near the wavevector (001) showed inelastic peaks in
both the channels, but the frequencies are the same within experimental
uncertainties. The single magnon peak observed by Harrison et al. was thus shown
to be a superposition of degenerate magnetic excitations.

A similar degeneracy at (001) is known to exist in the isostructural HAFM
materials CsNiCl3 and RbNiCl3. For these S = 1 materials the degeneracy is
explained currently as a consequence of the Haldane gap (I. Affleck. Phys. Rev.
Lett. 65 (1990), 2477). The present results on CsMnI3 suggest that this explanation
may not be correct since the degeneracy is not restricted to the integer-spin
systems.
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2.5.1.4 Molecular Dynamics Calculations For Biomolecules Using the
Harvard University Computer Program CHARMM

P. Martel

Analysis of the vibrational motions of the atoms in proteins and nucieic ac%ids can
provide information about the forces involved in macromolecular deformations
associated with the "lock and key model" for enzyme-substrate binding aad nucleate
effects (see for example, W.L. Jorgensen, Science 254 (1991). 954) Because of tht
large sizes and flexible nature of these molecules, the vibrations of their constituent
atoms can be heavily damped and of anharmonic character. To calculate the
dynamical properties of biological macromolecules, a molecular dynamics simulation
code. CHARMM, has been developed by M. Karplus and his students at Harvard
University (J. Comp. Chem. 4 (1983), 187). Utilizing this program an attempt has
been made to account for the long wavelength oscillations in crystalline
9-methyladenine (9-MA), a nucleic acid base derivative. Some of the frequencies of
these oscillations were reported recently (P. Martel, V. Frank and M. Hennior,,
Phys. Rev. A 41 (1990), 7006).

To test application of the program for quasiharmonic calculations, the molecular
dynamical subroutines were employed to "heat" the crystal to a temperature of
498 K. just below its melting point of 508 K. The high temperature atomic
positions were taken from the equilibrium configurations and the dynamical matrix
was calculated with these positions. Then diagonalizing the dynamical matrix for
this "structure" gives the high temperature lattice dynamics. For 9-MA, the high
temperature frequency spectrum was then in better agreement with the low
temperature experimental results than the low temperature calculation. This
anomalous result is another clear indication that much better interatomic potentials
are required before certain molecular dynamics calculations can be carried out
reliably. Among the various sources of these potentials, neutron scattering
measurements will be very important since these yield the corrections to interatomic
potentials most applicable to the low frequency portions of the vibrational spectra.

2.5.1.5 Biophysical Aspects of Neutron Scattering From Vibrational
Modes of Proteins

P. Martel

A 100-page invited review has been written for Progress in Biophysics and
Molecular Biology. The review describes a major portion of the published work on
neutron scattering experiments aimed at measuring large scale motions in proteins.
The importance of these motions for enzyme function and oxygen transport is
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indicated. The theory applicable to each type of neutron scattering measurement is
given and results are discussed with a view to explaining biological relevance. New
experiments are suggested and a comparison of neutron scattering data is made
with results from other experimental techniques such as raman scattering, infrared
absorption and photolysis. This is the first review of neutron scattering to make
quantitative comparisons between the results of molecular dynamics simulations and
neutron experiments, and also the first one to address experimental results on the
glass transition in proteins, mode-coupling theory, and related topics. The review
will be published in 1992.

2.5.1.6 The Eigenmodes of Fluid Helium at Low Temperatures

W. Montfrooij

The dynamical structure factor S(k,u) of simple fluids at high temperatures can be
well described by the sum of three Lorentzian shaped lines for k-values below
k = 2 A . As a function of frequency w, one observes a central elastic line
(u = 0) and two inelastic side lines, situated at frequencies u = ±u0, collectively
called the eigenmodes of the fluid.

By fitting neutron scattering data to the sum of three Lorentzians, one can study
the departure from hydrodynamic behaviour for small k, up to the approach of
ideal-gas like beha"iour for large k. This fitting procedure works well at high
temperatures, but breaks down at low temperatures because of the asymmetry' in
S(k,u) between the energy gain and energy loss sides of the spectrum caused by
detailed balance effects. A new fitting procedure has been developed which
preserves not only the symmetry of the eigenmode description, but also the original
moments (or sum-rules) of the observed S^k,w). The fitting routine has been tested
on liquid 4He at 4.2 K.

Initial results show a behaviour of 4He at these low temperatures quite similar to
that of so-called "classical fluids" (i.e. Kr, Ar, Ne), except for one marked
difference: the intensity of the central line is seen to diminish rapidly for
increasing k and disappears from the spectrum at k = 0.6 A" . This is in sharp
constrast to the behaviour of the other noble gases, where the central line becomes
the main component of the spectrum for increasing k-values. Whether this peculiar
behaviour is somehow related to the superfluid behaviour of He below 2 K is
under investigation.
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2.5.1.7 Excitations in a Dense Gas Mixture of Helium and Neon

W. Montfrooij with P. Westerhuijs, L.A. de Graaf and
I.M. de Schepper (Delft University of Technology, Delft,
The Netherlands)

Neutron scattering experiments on a mixture of 65% helium and 35% neon at
39 K and 114 bar show a broad central line and also a "fast sound" mode. This is
a directly visible side line at frequencies up > ck, with c the hydrodynamical sound
velocity. These results have been combined with results for pure helium at the
same pressure and temperature and analyzed using a kinetic model. The model
involves both the basic microscopic variables of the constituents as well as the
mutual number concentration, thus allowing for interdiffusion of the He and Ne
particles.

The analysis using this kinetic model indicates the following:

The "fast sound" oscillation is an oscillation in the light He particles only, and
its character is visco-elastic.

The central line consists of two "slow sound" lines with equal positive and
negative frequencies, but merged into each other.

Fast and slow sound merge into ordinary hydrodynamic sound below k =
o.i A"1.

The existence of a sharp central line which is weak in intensity is caused by
interdiffusion of the He and Ne particles (the He and Ne particles
interchange). This sharp line (if it exists) is hard to observe directly because
of its low intensity. However, recent experiments on a He/Ne mixture at
approximately the same thermodynamic conditions, carried out at the
Rutherford Appleton Laboratories in the U.K. by us, seem to indicate such a
long-lived diffusive-like excitation. A more refined analysis must be completed
before this indication can be confirmed.

2.5.1.8 Vacancy Properties in Pdln and AgMg

S.M. Kim

Vacancy properties in various alloys and compounds are of interest since atomic
diffusion is usually controlled by vacancies. The dependence of the vacancy
concentration on temperature and composition in Pdln has been studied
experimentally by Fort et al. (J. Less Common Met. 31 (1973), 263), Muller and
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Hahn (Phil. Mag. A 50 (1984), 71), and Hiinecke et al. (Mat. Sci. Forum 15-18
(1987), 1311). The earlier observation by Fort et al. of a very large vacancy
concentration (-19% in Pd4$)In5i) could not be reproduced in more recent
measurements by Miiller and Hahn as well as Hiinecke et al. These authors
observe instead, a vacancy concentration of only about 2% in Pd49ln51 at room
temperature. A theory recently developed by us for the CsCl-type alloys (J. Phys.
Chem. Solids 49 (1988), 65) has been applied to calculate vacancy concentrations in
Pdln. The very high vacancy concentration and its composition dependence
observed by Fort et al. could not be satisfactorily described by this theory.

The composition dependence of vacancy concentrations in quenched and slowly
cooled Pdln observed by Miiller and Hahn using the Perturbed Angular Correlation
Method could be well described by this theory. The composition dependence of
vacancy concentrations in Pdln and the temperature dependence of vacancy
concentrations in stoichiometric Pdln measured by Hunecke et al. via the lattice
parameter, length and density determinations, could also be well described by the
same theory. Although it had been widely believed that structural vacancies most
likely exist in In-rich Pdln at absolute zero temperature, the theory was inconclusive
about the possible existence of these vacancies.

Vacancy properties in AgMg have been studied experimentally by Hagel and
Westbrook (Trans. AIME 221 (1961), 951) and Hunecke et al. (Mat. Sci. Forum
15-18 (1987), 1311). Hagel and Westbrook measured the lattice parameter and
density in AgMg at room temperature and found that the excess Mg atoms in
Mg-rich AgMg substitute entirely on the Ag sublattice. The more recent
measurement- by Hunecke et al. of the lattice parameter, length and density
showed that in Mg-rich AgMg, the excess Mg atoms substitute on both the Ag- and
Mg- sublattices. These authors also observed an appreciable vacancy concentration
(up to 3%) in Mg-rich AgMg. The Mg-rich AgMg is the first AS alloy ever where
both the A atom vacancies and the B atom antistructure atoms are allegedly found
to coexist in large amounts at room temperature.

The composition dependence of both the vacancy and antistructure atom
concentrations observed by Hunecke et al. is well described by the theory. The
temperature dependence of vacancy concentrations in stoichiometric AgMg observed
by these authors could also be well described by the theory The theory, in
addition, shows that the vacancies observed in Mg-rich AgMg at room temperature
are all thermal vacancies and that structural vacancies are highly unlikely to exist at
absolute zero temperature.
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2.5.2 Applied Neutron Diffraction

2.5.2.1 Residual Strain Measurements in a Multipass Weldment

T.M. Holden, J.H. Root and J. Schroder with S. Spooner,
C.A. Hubbard, T.A. Dodson and S.A. David (Oak Ridge National
Laboratory)

The distribution of residual stresses in a multipass gas-tungsten arc weld, joining two
2.5%Crl%Mo steel plates of thickness 13 mm, was measured non-destructively by
neutron diffraction. This study is the first to deal with a multipass gas-tungsten arc
weld joining two ferritic steel plates. The experiments were carried out on the
HB3 triple-axis spectrometer at the high-flux isotope reactor, Oak Ridge National
Laboratory, configured to measure residual strains. A major part of the effort was
spent in commissioning the equipment for the experiments. The scattered neutrons
were counted in a linear position-sensitive detector (manufactured by ORDELA)
situated 800 mm from the sample position, which enabled measurements to be
made of a complete diffraction peak at one setting of the scattering angle.

The welded plate was mounted on a closed-loop XYZ translator table manufactured
by Klinger. LABVIEW software, run on a Macintosh computer, controlled the
translator positioning and the sample half-angling drive, as well as the multichannel-
analyser data acquisition, and data storage. Data were analyzed utilizing off-line
peak fitting and stress calculation programs.

The large tensile longitudinal (i.e. parallel to the weld direction) stresses (400-
500 MPa) in the weld and in the plates adjacent to the weld are balanced by
compressive stresses of magnitude -150 MPa in the periphery of the plate. The
stress components normal to the plate and perpendicular to the weld direction are
smaller and tensile with transverse stresses varying from 300 to 50 MPa and with
normal stresses varying from 200 to 50 MPa as one traverses from the weld zone
to the plate edge. In the fusion zone of the weld, these components are tensile
with a maximum at the weld center. Lowest stresses are found at the bottom
face of the weld. Rapid variations of strain were noted in the weld which may
indicate variations between weld passes.

Research supported in part by the Division of Materials Sciences, U.S. Department
of Energy under contract DE-AC05-84OR21400 with Martin Marietta Energy
Systems, Inc.
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2.5.2.2 Measurements of Residual Strain in As-Welded and Strain
Relieved Weldments

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

Neutron diffraction measurements have been made with the L3 spectrometer at
NRU Reactor of the longitudinal, transverse and normal residual strains in coupons
cut from a multipass weldment in the as-welded state and after strain relieving by
plastic deformation. The motivation for the work is to correlate the residual
stresses with the fracture mechanics behaviour of the coupons. A multipass weld
joining two 9 cm wide plates had been cut into 3.6 cm long coupons each 18 cm
wide perpendicular to the weld. The longitudinal stress field is almost removed by
this operation but the transverse and normal components remain. The
measurements were made along loci 3 mm from the front and back surfaces and at
the midwall. The strains in the as-welded sample were small (less than ±3 x 10"4)
but showed a low maximum in the weld centre and minima at the edge of the
weld.

Strain-relieving was accomplished by compressing the weld region along the plate
normal with a 25 mm diameter circular die leaving a circular depression of depth
1 mm in the coupon and imparting a bulge in the width and a slight depression in
the top outside the region of the die. Because of the circular symmetry of the die
the longitudinal and the transverse strains are expected to be similar in form,
although different in magnitude because of the different constraints to the
deformation operating along the length and across the width. Strain relieving
produced large strains with a range from -9 to +9 x 10~4 exhibiting the complex
variation with position shown in Fig. 2.5.2.1,

The normal component shows strong tension within the region of the die, turning to
compression outside this region. The transverse and longitudinal components show
the opposite behaviour, with strong compression within the region of the die
returning to strong tension outside this region. The results may be understood
qualitatively in terms of the stretching of "fibres" in the metal under the action of
the die. In the normal direction, inside the die region, the fibres are compressed
plastically whereas they are compressed elastically outside this region. On
unloading, the elastically loaded regions force the plastically deformed central region
into tension but cannot completely return to their pre-loaded state. In the
transverse and longitudinal directions the regions outside the die are stretched
(stressed in tension) under load. On unloading, these regions force the central
region into compression. The behaviour should be amenable to finite element
modelling.
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2.5.2.3 Measurements of Residual Strain in an Inertia-Friction
Welded Sample

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

Neutron diffraction measurements have been performed with the L3 spectrometer at
the NRU Reactor and with the HB-3 spectrometer at the HFIR Reactor (Oak
Ridge National Laboratory) on an inertia-friction welded tube made of two different
nickel-base superalloys, i.e. Inconel 718 and Waspaloy. The overall length of the
tube was 95 mm, with a central machined region near the weld of length 20 mm.
The outer diameter at the machined inner region was 64 mm and the thickness was
20 mm. Macroscopic strain components were measured in the longitudinal direction
of the sample (axial), along the radial direction (radial), and in the circumferential
direction (hoop). The measurements were made at five locations along the axis of
the sample at different distances from the outer surface. Reference values of the
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stress-free lattice parameter were obtained from measurements in the thicker parts
of the sample far away from the welding seam.

The data had the form of a diffraction peak, and sometimes two unresolved peaks,
one from Inconel and one from Waspaloy, on top of a sloping background. They
were analyzed by assuming a Gaussian profile with only one variable position, width
and intensity on top of the background. However, two independent peak positions
will be fitted in the vicinity of the welding seam.

The hoop strain showed the largest variation across the weld with a minor
monotonic variation of strain with distance from the outer surface. The strain far
away from the weld was compressive, changed from compressive to tensile in the
heat affected zone (HAZ) and reached its peak at approx. 1.5 mm distance from
the seam on either side. The maximum in the Inconel 718 component, 38 x 10"4,
is slightly higher than the maximum in the Waspaloy component, which is 35 x 10" .
The results for the hoop direction from the Chalk River experiments are shown in
Fig. 2.5.2.2 in terms of strain. The statistical accuracy is characterized by the size
of the symbols. The Oak Ridge National Laboratory results are similar and have
been omitted for clarity.
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The measured strains in radial and axial directions were not as large as the hoop
strain, but showed a distinct variation with distance from the outer surface. The
principal pattern, i.e. tension in the HAZ and in the seam and compression beyond
the HAZ, was also found for the axial strain. The maximum strain, 20 x 10 , was
measured at the outer surface.

The radial strain was even smaller and the distribution had its extremes in the
HAZ as well: approx. 9.0 x 10"4 in Inconel 718 and -9.0 x 10"4 in Waspaloy. The
strain changed rapidly from tension to compression within a distance of less than
5 mm.

The strain distribution in the radial and axial directions is not yet fully understood,
but a gradient in strain and therefore in stress, could develop due to a temperature
gradient in the sample during the friction welding procedure. The pattern in the
hoop direction may originate from cooling after welding. The cooler bulk constrains
the hot material in the seam so a tensile stress arises in the HAZ and the welding
seam with a complementary compression in the bulk.

2.5.3 Neutrino Physics

2.5.3.1 SNO Project Overview

E.D. Earle and E. Bonvin

The INCO excavation has progressed into the main chamber with the top and
bottom benches (almost 20% of the volume) excavated. The INCO schedule shows
that the excavation will be completed in 1992 December. The frame of the SNO
surface building has been erected on schedule. A room at the 4600' level has been
assigned to SNO as a test laboratory.

Stress analyses for the proposed acrylic vessel are well advanced. Acrylic material
has been ordered from two potential suppliers for evaluation and negotiations are
in progress with the fabricator thought to be most suitable for the SNO Project.
Fabricated acrylic samples are in transit to CRL for evaluation.

Hamamatsu photomultipliers tubes (PMT's) have been shipped to Queen's where
tests on seventy indicate excellent quality. At Lawrence Berkeley Laboratory, the
PMT support structure design is well advanced and full scale components have been
constructed for testing and evaluation. The design and material for the light
concentrators to be placed in front of each PMT have been selected and samples
constructed.
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Two types of discrete detectors are still being considered: 3He proportional counters
by Los Alamos National Laboratory and 6Li proportional counters by Center for
Research in Particle Physics.

W. Mellors, CRL, has tabled a document describing a conceptual design for the
clean station or glove box above the vessel and for mechanisms for installing
calibration equipment.

Progress on the water systems has been mixed. The time projection counter to
measure alpha decays in the Th and U chains is now operating. Design of the
light water systems is complete but the heavy water system design requires input
from R&D not yet completed. Recent R&D results primarily have indicated the
unsuitability of several proposals.

More details on these items and on several other aspects of the project can be
found in the minutes of the LBL collaboration meeting held at Berkeley, 1991
December 12-14.

2.5.3.2 Trace Analysis for Th and U in Acrylic

E.D. Earle, E. Bonvin, R.J.E. Deal and M. Gauthier with
N. Elliot (General Chemistry Branch), G. Milton (Environmental
Research Branch) and J. McLaren (National Research Council)

The measurements of Th and U in acrylic residue have been developed into a
standard routine. Techniques for cutting the acrylic into bars, for cleaning the
surfaces, for pyrolysing the acrylic into a residue in suprasil quartz tubes, for rinsing
out the residue and for mass spectroscopy determination of the Th and U are in
place. Two pyrolysing facilities are in operation and mass spectroscopy is
performed in General Chemistry Branch or at the National Research Council. In
principle, a throughput of up to 20 kg of acrylic per week is possible.

The quality of the latest shipments of Rohm and Polycast material has been
excellent, with the Rohm material containing 2 pg/g of U and 1 pg/g of Th and
the Polycast 0.4 pg/g of U and Th. This material is about a factor of five better
than earlier material and would be satisfactory for SNO. Both suppliers have since
made material to their highest purity standards and it is in transit to CRL for
evaluation. The SNO supplier will be chosen following this evaluation.

In order to determine the disequilibrium in the Th and U chains the residue from
15 kg samples of acrylic must be prepared for alpha spectroscopy. Primary interest
is in the Th and Ra radioisotopes which must be separated by ion exchange from
other elements in the residue. It has been shown that variations in recovery
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efficiencies mean that tracers must be added to the residue before separation and
electroplating. It is expected that 229Th with its daughter 225Ra in equilibrium will
suffice as the tracer for both elements.

The Th and U in acrylic are also being measured by neutron activation analysis
(NAA) at Guelph and at CRL. Since fewer samples can be processed, it is
proposed that NAA be used as a check on the mass spectroscopy results.

2.5.4 Accelerator Related Technology

2.5.4.1 Spallation Neutron Source Yield

M.A. Lone

Thick target neutron yield data from spallation reactions at proton energies between
0.5 and 1.6 GeV were investigated. This yield, integrated over all space and
neutron energies, is an important factor in considering the technical feasibility of
the transmutation of high level nuclear waste with accelerator-based spallation
neutron source transmuters.

Recent proposals for spallation-based transmuters suggest neutron yields of 50-
55 n/p at 1.6 GeV (E.D. Arthur, "Overview of a New Concept for Accelerator-
Based Transmutation of Nuclear Waste", Trans. Am. Nucl. Soc. 63 (1991), 79).
This would appear to conflict with the well known experimental value of 30 to
35 n/p as shown in Figure 2.5.4.1 (J.S. Fraser and G.A. Bartholomew, "Spallation
Neutron Sources", in Neutron Sources for Basic Physics and Applications. Ed.
S. Cierjacks, Pergamon Press (1983), page 217).

Probable causes of the discrepancy between the two data sets were examined. This
study indicates that about 50% of this difference may be due to the neutron
multiplication in the thicker spallation targets proposed for the transmutation devices
and the remaining difference reflects the longstanding discrepancy between the
experimental and the theoretical predictions as shown in Figure 2.5.4.1.

2.5.4.2 Thermal Neutron Capture Cross-Section of ^ r

M.A. Lone with W.J. Edwards (General Chemistry Branch)

Assessment of the feasibility of transmutation of ^Sr by neutron capture reactions
requires improvements in the data on the thermal neutron capture cross-section.
There are two previous measurements, but the reported values range from 800 ±
500 mb to 14 ± 2.4 mb. The capture cross-section was measured at the NRX
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Reactor using chemical separation techniques to improve the sensitivity. Analysis of
the preliminary data yields a value of 7 ± 4 mb.

50

2
O
H40
O

30

CO

§20
E

0
0.0

THICK TARGET N YIELD
Pb 10.2 cm diameter

61.0 cm length
p 1.0 cm diameter

EXPT.
— - CALC.

SPAL-2

DATA
O

A

*

ir

o

REF
2.3

4

5.2

8

6,7

0.5 1.0 1.5
ENERGY (GeV)

Fig. 2.5.4.1

2.0

2.5.5 Instrumentation

2.5.5.1 DUALSPEC Diffractometer Multiwire Detector

D.C. Tennant

The 800-wire detector has been continuously monitored since its installation in 1991
January. The detector is performing well and shows no sign of deterioration.
Recently, the electronic background noise has been significantly reduced in all
channels by minor electronic adjustments.

During the acceptance tests at Grenoble in 1990 April, the typical noise background
in each channel was ~3 counts per hour, but in channel 601 and several other
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nearby channels, the background was as high as 22 counts per hour. Investigations
of this background problem concluded that the high noise levels in the channels
close to 601 were caused by internal radioactive contamination. No significant
decay has been observed in these background count rates during the past year.
However, since the installation of the detector, it was observed that the
discriminator voltages for all channels were very low, very close to the normal noise
region. By increasing the discriminator voltages from 60 mV to 80 mV, the noise
background in all channels was reduced by more than a factor of 2 and, in
particular, that in channel 601 has been reduced from 22 counts per hour to 6
counts per hour. The neutron counting efficiency was reduced by only about 5%
as a consequence of increasing the discriminator levels.

2.5.5.2 DUALSPEC Focussing Monochromator

H.F. Nieman, H.C. Spenceley and L.E. McEwan

A vertically-focussing, eleven-piece silicon monochromator was aligned and tested
using the neutron beam at the E-13 facility, NRX Reactor. Initially the single
crystal slabs were hot-pressed on the [111] face (PR-P-139:3.13; AECL-8554) using
the facilities at Department of Energy, Mines and Resources in Ottawa.

These slabs were then accurately sliced using diamond saws and surface ground into
pieces 12.7 cm x 1.27 cm x 2.29 cm. Eleven of these pieces were mechanically
mounted and then individually adjusted such that the [111] reflecting faces of all
the pieces were perfectly aligned and the composite appeared as a single large Si
crystal face. Preliminary tests of the focussing properties were completed by using
a polaroid neutron camera fixed at a constant distance from the silicon
monochromator. At NRU start-up, final calibration of the focussing monochromator
will be made using the C5 spectrometer (lover unit of DUALSPEC).

2.5.5.3 DUALSPEC Control System

M.M. Potter and M.M. Montaigne with R. Birney (Civil and
Electrical Design Branch) and R.L. Donaberger (McMaster University)

The wedge transfer mechanisms (PR-PHY-2:2.5.3.2; AECL-10420) for the
DUALSPEC spectrometers have been installed and tested. The units meet all the
design requirements. A high speed PSI rotation for the high resolution powder
diffractometer has been designed. It utilizes a direct drive servo motor with an
integral incremental encoder. This system can rotate a cryostat containing a powder
specimen at speeds up to 10 RPM. The cryostat can be rotated continuously in
one direction or it can oscillate between selected reversing angles. In addition the
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system is capable of positioning a specimen to an accuracy of .005°. The Motor
Control hardware has been redesigned to permit control of the servo drive motor.

2.5.5.4 DUALSPEC Resolution Function

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

An analytic resolution function that accurately represents the response of the
DUALSPEC powder diffractometer over its full range will allow it to provide the
highest possible accuracy in crystal structure determinations. A program to calculate
the resolution function, for various configurations of the diffractometer, was
completed. The program provides complete flexibility in selection of the
instrumental parameters: collimation between the neutron source and
monochromator; collimation between the monochromator and sample; the
monochromator d-spacing, mosaic spread and take-off angle of the monochromator;
the dimensions, attenuation factor and d-spacing of the sample; and the height of
the multiwire detector. The algorithm calculates three-dimensional neutron
trajectories that pass through equi-stepped grids in the collimating elements, the
sample and the detector. The results are quantitative histograms of the diffraction
peaks. Examples are shown in Fig. 2.5.5.1, which illustrates the progressive
broadening of diffraction peaks with increasing scattering angle and the asymmetric
peak shape that develops at low scattering angles. These numerical calculations of
diffraction peak histograms permit rapid assessment of the accuracy of proposed
analytic forms for the diffractometer resolution function.

2.5.5.5 Spectrometer Control System

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

The operating systems and layered products on the MicroVAX computers CM3,
CM7 and CM9 which are an integral part of the spectrometer computer network
have been upgraded to the current version. Multinet software, which is a VMS
implementation of Sun Microsystem's Network File System (NFS) protocol has been
installed on CM9. It will allow CM9 to act as a file server for a variety of
computers using different operating systems including the SiliconGraphics IRIS
workstation. The SiliconGraphics wiii have transparent access to the data from the
DUALSPEC high resolution powder diffractometer and other spectrometers.

Extensive graphics features have been incorporated into the curve fitting program
GLUBFIT (PR-PHY-2:2.5.3.1; AECL-10420). This makes the selection of initial
values for the curve fitting much easier. The window option has been extended to
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allow exclusion of spurious peaks from the fit. A batch plot feature has been
added which includes regular, semi-log and log-log plots.

-1.2 -0.8 -0.4 0.0 0.4 0.8
2 0 ~ 20max-A (Degrees)

Fig. 2.5.5.1 Variation of the resolution function with scattering angle for a
medium-resolution configuration of DUALSPEC. The intensities are plotted against
a scale that is convenient for showing changes in peak shape. The actual scattering
angles of the peaks are shown as annotations.

2.5.5.6 Cold Neutron Filter For L3 Facility

H.F. Nieman, P.A. Moss and L.E. McEwan with K. Wright
(Construction Management Branch)

The filter module for the L3 spectrometer at NRU was completed and installed
into the yoke gate position during the extended NRU shutdown. The assembly of
the cryostat and the filter material, sapphire and beryllium, was completed in 1991
July. The cryostat was helium leak tested at temperatures of 300 K and 77 K,
then temperature cycled many times and finally a liquid nitrogen hold-time test was
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performed. The filter, similar to that at the N5 facility allows the choice of no
filter, 10 cm of sapphire or 15 cm of beryllium.

2.5.5.7 Preparation of Silicon Monochromators

H.F. Nieman and H.C. Spenceley

Eighteen single crystal slabs were hot-pressed (PR-P-139:3.13; AECL-8554) using the
facilities at Department of Energy, Mines and Resources in Ottawa. The mosaic
width (FWHM) of six of these slabs, pressed on the [551] face varied between
0.20° and 0.26°. These six slabs will be sliced and mounted as either vertical
curved monochromators and/or large single reflecting devices. Eight single crystal
slabs 2.2 cm thick, pressed on the [115] face, will be sliced into pieces required in
the production of a vertically curved silicon monochromator for the C2 Facility.
Several crystals pressed on the [331] face will be mounted as single
monochromators.

2.5.5.8 New, High-Capacity Pumping System

D.C. Tennant, P.A. Moss and E.C. Svensson

Commissioning of a new, high-capacity pumping system for liquid helium and other
studies has been completed. This system replaces an older pumping system which
was lost when the large steel lines to the exterior pump had to be cut out for the
installation of the DUALSPEC facility. The new system is portable, so it can
readily be used for measurements on any of the neutron spectrometers at NRU.
The requirements for the system are that it be able to pump a large bath of liquid
4He from 4.2 K (the boiling point of liquid 4He at atmospheric pressure) to a
temperature of approximately 1.0 K in as short a time as possible, consistent with a
controlled pump-down, typically Vi-l hour. If the pump-down is too rapid, violent
oscillations are set up in the bath which waste liquid 4He and hence decrease the
hold time of the cryostat. On the first test, pumping on a 12 a bath (a typical
capacity for our cryostats), a temperature of 0.98 K was reached in 45 minutes.
The new system thus fully meets requirements and gives an ultimate temperature
significantly lower than the normal limit, 1.05 K, with the old system. The new
system is now in use, with the first application being a study on liquid He
underway at the N5 spectrometer.
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2.5.6 Support Services

2.5.6.1 Multiwire Detector Electronics

D.C. Tennant and J.J-P. Bolduc

An electronics system has been developed for the Neutron and Solid State Physics
multiwire neutron detectors that includes preamplifiers, amplifiers and discriminators
for each signal path. A decoder is included which converts the anode wire pulse
information into an address corresponding to the position of the detected neutron.
This is required to enhance the positional information when a detected neutron
produces coincident pulses on more than one adjacent channel. The decoder
converts only the valid coincident events into an address corresponding to the
position of the detected neutron.

The decoder is based on EPROMS and operates on-line as the data are
accumulated. The position of each detected neutron is decoded in less than 1 us
and does not add additional deadtime counting loss to the system because the
decoding process occurs within the width of the amplifier pulse. Pulses from each
data channel are routed to the address lines of EPROMS which are programmed to
store the correct positional address. The programmed position for coincident events
on two adjacent channels is an address whose position alternates between the two
channels. The programmed position for three adjacent channels having coincident
pulses is the address of the central channel. Four or more neighbouring channels
activated in coincidence or channels activated in coincidence that are not adjacent
are considered noise and are not decoded. This feature gives additional immunity
to noise sources such as high frequency bursts on the 110 volt ac line. The system
can be simply configured to operate with multiwire detectors having up to 256
signal wires and will easily be adaptable to two dimensional detectors. The
construction costs are minimized by packaging the preamplifiers, amplifiers and
discriminators in modules which support 16 data channels. An electronic system of
this type is presently connected to the 13 wire detector in the ANDI spectrometer.
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2.5.6.2 Multiwire foe Neutron Detectors

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

(1) 13 Wire Detectors

(a) MAC-1-9-13

Tests will be carried out at the T3 facility at NRU Reactor.

(b) MA-2-9-13 fANDI)

This detector was reinstalled with an upgraded set of electronics made in
the branch and has been operating satisfactorily since the NRU restart.

(c) MS-1-8-13 (DC Grounded Anode)

A very small pressure leak in this detector has lead to its dismantling.
A remachining of the O-ring groove will incorporate a new design of
metal O-ring. The unit is now being cleaned and vacuum baked prior
to re-assembly and further testing.

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

This detector is now completely assembled and wired and is undergoing its
final long term vacuum bake before bench testing commences.

(3) MAXY-1-0-36 (XY Detector)

Design work and engineering drawings are complete for this detector.
Estimates of fabrication costs are in progress.

2.5.6.3 Ge Detector Servicing

J.J-P. Bolduc

Three Ge detector systems were restored during this period, one for General
Chemistry and two for Fuel Engineering. A fourth detector, being a Ge(Li)
detector, could not be repaired on-site and will be sent to Canberra for repair.
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2.5.6.4 Mechanical Laboratories

L.E. McEwan and H.C. Spenceley

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

A nine-crystal version of the eleven-crystal focussing monochromator was designed.
The manufacturing of this instrument was contracted out and is now complete. It
is now assembled and ready to mount the crystals.

A large, heavy-duty X-Y table (46 cm square) was designed and has been sent to
the main shop for manufacturing. It will support the Pratt and Whitney jet engine
for experiments in the ANDI program.

Final adjustments were made to the DUALSPEC wedge actuators and they are
now finished and in use.

Three motorized tube rollers were manufactured from acrylic for use in experiments
for the SNO program.

Other work completed includes six crystal mounts, four fixtures for ANDI along
with some samples, and four thin wall vanadium cans for powder samples.

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

The second set of detectors for Bubble Technology Industries (BTI) was fabricated
(three 5 cm diameter and one 15 cm diameter), and repairs and modifications to
existing detectors were made.

Twenty Phoswich detectors for the Forward Array were fabricated for the Nuclear
Physics Branch. Large silicon single crystals for monochromators and silicon crystals
for TASCC were cut.

A vertical drive for the ionization chamber was designed and fabricated. This
allows faster, accurate, flexible and reliable positioning of the sample within the
liner.

A tool was designed and fabricated tc seal thin wall stainless steel tubing. Other
small jobs included components for SNO and the Glassblowing Laboratory.
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2.5.6.5 Glassblowing Laboratory

D.A. Doering

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

Chemical Operations

Two hundred and thirty-nine alumina columns, forty product recovery headers and
thirty-six glass connectors were made for the Mo isotope production.

System Chemistry and Corrosion

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

General Chemistry

Four quartz glass prototype induction tubes were constructed to levitate zirconium
samples in an induction furnace.

Nuclear Physics

Two new, quartz, water-cooled aerosol generators were fabricated to fit a
temperature controlled vacuum oven which forms an integral component of a gas
transport system at the on-line isotope separator facility of TASCC.

Chemical Engineering

Repaired seven and fabricated seven new quartz plasma tubes with tangential
entrances to allow continued studies of the decomposition of H2S into H2 and S.

Constructed two pyrex test columns for the reactor pit waste system remediation
studies.

Built three mercury traps.

Environmental Research

Twelve molecular sieve traps were constructed to continue studies on tritium
dispersion experiments.
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Accelerator Physics

Fabricated thirty 6 mm diameter and eight 8 mm diameter quartz sample holders to
measure high temperature dielectric properties of various ceramic samples.

Drilled a 6 mm core from a sample of 8% Y2O3 stabilized ZrC>2 for the Dielectric
Measurement Group.

Thermalhvdraulics

Constructed a glass prototype safety valve to demonstrate its use on the slowpoke
passive cooling water reactor valve system.

Physical Chemistry

Two new glass vacuum transfer lines were built to transfer liquid nitrogen to a
mass spectrometer.
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Z. Phys. B. Conden. Matter 84 (1991), 201

LOW TEMPERATURE X-RAY STUDY OF UPd3

M.A. Singh, S.L. Smith, S.E. Nagler and W.J.L. Buyers
Solid State Communications 74 (1990), 439
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3.2 OVERVIEW AND ACCOMPLISHMENTS

V.F. Sears

In 1991 November a new staff member, Anna C. Hayes, joined the branch to work
on theoretical nuclear physics and provide support for the TASCC program. Dr.
Hayes did her undergraduate work at Trinity College, Dublin and then went to
Yale University, where she obtained her Ph.D. in theoretical physics in 1986.
She did postdoctoral work at the University of Minnesota and at Los Alamos
National Laboratory before coming to Chalk River.

In 1991 July Frank Marsiglio was appointed an Adjunct Professor in the Depart-
ment of Physics and Astronomy at McMaster University. This appointment will
allow him to continue his longstanding collaborations there and to work with
graduate students.

Last summer Marcin J. Sawicki, a National Summer Student from McMaster Univer-
sity, assisted Frank Marsiglio in work on the Hubbard model. Our other summer
visitors included Professor Peter G. Blunden of the University of Manitoba,
who worked with Ian Towner on the calculation of relativistic corrections to
the elastic magnetic scattering of electrons by the deuteron, Thomas Meisner,
a graduate student from the University of Bochum in Germany, who worked with
Malcolm Harvey on the effect of quarks on nucleon structure, and C. Burdik of
Charles University in Prague who worked with M. Couture on quantum groups.

The Theoretical Physics Branch is organizing a Workshop on Applied Mathematics
on 1992 February 7-8. Paul Lee is the Director of the Workshop and is being
assisted by Michel Couture, Peter Leivo, and Stephen Douglas (Mathematics and
Computation Branch). About 50 people have registered to attend, including
four from Whiteshell and three from outside AECL, and 25 papers will be
presented.

The Theoretical Physics Branch has formed a CQI Team to identify its customers
and their expectations, and to find improvements that will better serve its
customer's needs.

3.3 TOPICAL REVIEW - MESON-EXCHANGE CURRENTS IN NUCLEAR
BETA DECAY

I.S. Towner

In nonrelativistic quantum mechanics observables are described as matrix ele-
ments of operators, and the nucleus is one system for which nonrelativistic
quantum mechanics would seem to be the appropriate calculational tool. A
transition in a nucleus from one state to another either by an electromagnetic
(y-decay) or a weak (/?-decay) transition can be calculated under the following
assumption: that, of the A nucleons in the nucleus, A-l of them remain inert,
acting as spectators, and only one of them changes its quantum state. The
decay rate is then given in terms of matrix elements of one-body operators.
This picture emerges from the shell model in which, in the lowest approxima-
tion, each nucleon interacts only with the average field of the others so that
the motion of the nucleons is uncorrelated.
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Of course, nucleons do interact with each other, and this is understood in
terms of mesons being exchanged between nucleons. The most important meson is
the pion, and being the lightest of the mesons, it leads to the longest range
part of the nucleon-nucleon force. This part of the force is attractive, and
is mainly responsible for nuclear binding. Thus, when a nucleus is responding
to an electromagnetic stimulus prompting a y-transition the idea that just one
nucleon alone is responding to the stimulus might have to be modified. It is
possible that the stimulus might prompt one nucleon to emit a meson that would
not otherwise have been emitted and that this meson would subsequently be
absorbed by a second nucleon. Or there is the possibility that a meson
already in the process of being exchanged interacts with the stimulus. Since
at least two nucleons are involved in these processes, the quantum-mechanical
description leads to two-body operators. Such corrections to the standard
picture are generically known as meson-exchange currents.

It is of interest to know whether there is any unambiguous experimental evi-
dence for the presence of meson-exchange currents and, as a consequence, a
necessity to modify the standard picture of observables being described as
matrix elements of one-body operators. For electromagnetic transitions the
answer is yes. The best example is the thermal neutron capture by a proton:
n -f p -» d + y. The observed cross section for this capture process
cr(exp) = 334.2±0.5 mb at 25 meV is larger by about 10% than the standard calcu-
lation with one-body operators cr(theo) = 302.5±4.0 mb. Despite efforts to vary
the deuteron wavefunction within reasonable limits the shift in the calculated
cross-section was only a few mb at most and there was no way to resolve the
discrepancy. Meson-exchange currents on the other hand quickly accounted for
the difference, providing a 5% correction in the matrix element or a 10% cor-
rection in the cross-section.

So what about weak transitions? Perhaps the easiest case to look at is the
beta decay of tritium where the experimentally-deduced transition matrix ele-
ment is some 6% less than in the decay of the free neutron. Yet this 6% is
easily understood in terms of the tritium wave function and comes principally
from its D-state component. Thus, there is little or no room for meson-
exchange currents in this particular case.

This significant difference in the role of meson-exchange currents between
electromagnetic and weak transitions in nuclei is understood, but is a little
technical. Briefly, the relativistic interaction between a photon and a
nucieon is governed by the Dirac matrix y . In nuclear physics a nonrelati-

vistic reduction of this interaction is needed, which in essence is an expan-
sion in p/M where p is a typical nucleon momentum and M is its mass. There is
an order of magnitude difference in the size of the operators obtained depend-
ing whether the Lorentz index fi is time-like or space-like. For electric
y-transitions n is time-like and the operator is large, ^1 ) . For magnetic
y-transitions n is space-like and the operator is small, ^p/M). However when
a meson is involved as well, then the relativistic interaction of a photon,
nucleon and pion is governed by y y and the extra y reverses the magnitudes.

The meson-exchange currents are large in magnetic transitions and small in
electric transitions. In the radiarive neutron capture by proton, the
y-transition is of Ml character and as a consequence the meson-exchange cor-
rection significant.
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For weak interactions, such as nuclear beta decay, the arguments of the pre-
vious paragraph are exactly reversed. When the Lorentz index /u is space-like
the one-body operators are large, 6{l), and two-body operators small, <f^p/M).
while when /u is time-like it is the other way around. Since in the beta decay
of tritium, the operator comes from /u being space-like the meson-exchange cur-
rent contribution is negligibly small. On the other hand, if transitions can
be found in beta decay that depend on fi being time-like then a substantial
meson-exchange contribution is predicted. Indeed the prediction is huge, the
two-body contribution being as much as 50% of the standard one-body matrix
element (rather than 5% as in the case of electromagnetic transitions).
Unfortunately, this prediction is hard to verify. In allowed beta decay tran-
sitions there are no contributions from axial-charge operators (the case when
the Lorentz index is time-like), while in first-forbidden beta transitions the
axial-charge operator is only one of several operators that can contribute.
The best that can be said to date is that there is no evidence to refute the
prediction of a large mesonic enhancement to axial-charge matrix elements.

What sparked interest in this topic recently was the report by Warburton
(Phys. Rev. Lett. 66 (1991) 1823) of a careful systematic analysis of 18
first-forbidden beta decays in the lead region, which came to the conclusion
that the mesonic enhancement is even stronger, being 100% of the one-body
operator. There have been several speculative papers on this topic, but in
this author's opinion the result suggests that meson-exchange currents must be
taken beyond pion processes with heavier mesons actively considered. A report
on work along these lines is given elsewhere in this progress report.

3.4 SUMMARIES

3.4.1 Theoretical Nuclear Physics

The calculated enhancement of axial-charge matrix elements from meson-exchange
currents is slightly less than a recently published experimental value
(3.5.1.1). Work on relativistic corrections to elastic magnetic electron-
deuteron scattering is continuing (3.5.1.2). The effect of a heavy-mass neu-
trino on the ratio of electron capture to positron decay has been calculated
for selected nuclei in connection with forthcoming experiments on this subject
at TASCC (3.5.1.3).

The unexpected sign correlations in parity nonconservation, which have
recently been observed in neutron resonances, are being investigated
(3.5.1.4). It has been shown that pion double-charge exchange measurements
can be used to establish an upper limit on the radius of the neutron halo in
neutron-rich nuclei such as Li (3.5.1.5).

Physical mechanisms have been developed that can explain the identical-band
phenomena which have been observed in superdeformed nuclei (3.5.1.6). Some
programs developed at the Oak Ridge National Laboratory for calculating pro-
perties of superdeformed and hyperdeformed nuclei have been transported to the
Vax system at CRL for use in the theoretical analysis of experimental data at
TASCC (3.5.1.7).
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3.4.2 Theoretical Condensed Matter Physics

The work on the motion of CH4 molecules in DzO clathrate has been completed
(3.5.2.1). The optimum thickness of a CoFe polarizing monochromator for DUAL-
SPEC has been calculated (3.5.2.2). An updated table of neutron scattering
lengths and cross sections has been compiled for publication in Neutron News
(3.5.2.3).

The dependence of the superconducting critical temperature and the isotope
coefficient on bandwidth, band-filling, and the direct Coulomb repulsion has
been investigated within Eliashberg theory (3.5.2.4). The London penetration
depth in the hole mechanism of superconductivity has been calculated in the
tight-binding limit (3.5.2.5). A program for the exact diagonalization of the
Hubbard model has been written and tested for small clusters (3.5.2.6). The
observed antiferromagnetic ordering in URU2S12 can be understood on the basis
of a tight-binding itinerant model (3.5.2.7). Improved theoretical calcula-
tions predict that the addition of impurities in high-Tc oxides produces a
narrowing of long-wavelength phonons whose frequency lies below the supercon-
ducting gap (3.5.2.8). These calculations are now being extended to short
wavelengths where neutron inelastic scattering experiments can be performed
(3.5.2.9).

3.4.3 Fundamental Theoretical Science

Two theorems on tangles and partially closed braids have been derived
(3.5.3.1) and a functor (i.e. a mapping of a topological structure) for tan-
gles has been obtained (3.5.3.2).

The quantum algebras associated with the R matrix obtained from the two-
parameter free fermion model have been examined and a new Hopf structure has
been obtained (3.5.3.3). A generalization of Manin's method for obtaining
quantum groups is being developed (3.5.3.4).

3.5 INDIVIDUAL REPORTS

3.5.1 Theoretical Nuclear Physics

3.5.1.1 Enhancement in Axial-Charge Matrix Elements from Meson-Exchange
Currents

I.S. Towner

It has been known for some time that meson-exchange currents give a signifi-
cant contribution to axial-charge matrix elements which occur, for example, in
nuclear first-forbidden beta decay. If we define £ = l+d as the factor

' mec mec
that the traditional impulse-approximation matrix element has to be multiplied
by to incorporate meson-exchange currents, then the standard value for this
enhancement factor coming from pion-exchange processes is £ -1.5. Themec
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recent surprise in this field has been the result from Warburton (Phys. Rev.
Lett. 66 (1991) 1823) in a fit of theory to experiment for 18 first-forbidden
beta decays in the Pb region that e =2.01 ±0.05. This suggests more enhance-
ment in heavy nuclei than in light nuclei. We have calculated pion-exchange
processes and heavy-meson pair graphs using the shell model for both light and
heavy nuclei. The results are sensitive to the choice of the short-range cor-
relation function used in conjunction with harmonic oscillator wavefunctions.
A ratio of transition matrix elements, however, is less sensitive to this
uncertainty. Our main result comparing a heavy-mass transition with a light-
mass one is rsJne(A-2O8;lgy/2->Ohy/2)/(5mec(A=16;lsi/2>Opi/2) = 1.38. This

result is smaller than the value 1.58±0.09 deduced by Warburton. A manuscript
on this work has been prepared for publication.

3.5.1.2 Elastic Magnetic EIcctron-Deuteron Scattering

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

Data on magnetic electron-deuteron scattering show unequivocally that calcula-
tions based on one-body operators alone (impulse approximation) are inade-
quate, and that correction terms from meson-exchange currents are required.
For the deuteron case, the principal correction comes from the prey-graph
which, in the past, has been calculated in leading order in nonrelativistic
reductions. In a recent progress report (PR-PHY-l:3.5.13(AECL-10332)) we dis-
cussed results obtained from the next-to-leading order as well and found their
contributions to be important. In this order other graphs also contribute, in
particular, 'pair' graphs involving heavy-meson exchanges. That such graphs
should formally be included is a requirement from the equation of continuity
that links meson-exchange currents with the nucleon-nucleon interaction poten-
tial. We have been working with deuteron wave functions obtained from solving
the Schroedinger equation with one-boson-exchange potentials such as the Paris
or Bonn potentials each of which have significant cr-me°on exchange terms. The
problem is that the corresponding cr-meson pair graph gives a contribution to
magnetic electron-deuteron scattering that completely spoils any agreement
between theory and experiment.

This has prompted us to look at relativistic corrections to the deuteron wave-
functions themselves and. in particular, to the kinetic energy term in the
Schroedinger equation. In leading order the kinetic energy is p2/2M, where p
is the relative momentum between two nucleons and M the nucleon mass. In
next-to-leading order the kinetic energy has a term p4/8M3. This leads to
fourth-order coupled equations to be solved that are very singular near the
origin and computationally difficult to handle. An approximate alternative
strategy (Coester et^al.,^ Phys. Rev. C 11 (1975) 1) introduces a transforma-
tion that replaces p /8M by an equivalent effective potential in the standard
Schroedinger equation. While this approximation may work well for nucleon-
nucleon scattering situations, we have shown that ii fails for the weakly-
bound deuteron system. To date our work on next-to-leading order relativistic
corrections has found more problems than solutions, but the work is
continuing.
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3.5.1.3 Heavy-Mass Neutrino and Electron-Capture to Positron Decay Ratios

I.S. Towner with G. Savard (Nuclear Physics)

Some recent precision measurements of nuclear beta decay spectra show anoma-
lous shapes that have been interpreted as evidence for a neutrino with mass
around 17 keV, while other studies find no anomalies. Savard has suggested
that precision measurements of electron-capture (EC) to positron decay ratios
could show some sensitivity to a 1% contribution from a 17 keV neutrino. The
idea is that the ECI'fi+ ratio would be significantly altered in cases where the
maximum positron decay energy is close to 17 keV. In order to reduce systema-
tic uncertainties in the experiment, nuclei are sought for which there are at
least two allowed branches for the positron decay to states in the daughter
nucleus not too different in excitation energy, such that the quantity to be
measured would be the ratio of the EC//9+ ratios. Two candidate nuclei, 56Co
aad Ge, have been identified.

We have computed the expected EC/fi+ ratios for these cases. There is very
little theoretical uncertainty in the calculation because nuclear matrix ele-
ments cancel out in the ratio. The principal uncertainty comes from the pre-
cision with which the reaction Q-value can be determined. The EC rate depends
on Q2 and the yS+ rate on Q . For the proposed experiment to be sensitive to a
1% probability f.. a 17 keV neutrino, the Q-value has to be known to an accur-
acy of at least 2uu eV and preferably to 50 eV. Currently, these Q-values are
known to 2 keV.

3.5.1.4 Sign Correlations in Parity Nonconservation in Neutron Resonances

A.C. Hayes

Neutron resonances in compound nuclear systems act as very sensitive probes of
parity nonconservation, and parity nonconserving (PNC) analyzing powers
P = (er+-cr~)/(<7+ + cr~), measured in polarized neutron transmission experiments can
be as large as 10%. A very surprising result from a recent measurement (CM.
Frankle et aL.Phys. Rev. Lett. 67 (1991) 564) of PNC in p-wave neutron
resonances in "Th is that all analyzing powers of greater than 2a statisti-
cal significance have positive sign! We have examined the correlations
between the neutron-reduced width amplitudes and parity mixing matrix elements
which must be responsible for the very non-random nature of the sign of P.
This analysis showed that the common sign could be understood as arising from
contributions to the analyzing power from states with a dominant s[/2 single-
particle structure, approximately ha> distant in energy. The role of such dis-
tant (-v 5 MeV) states is generally assumed to be very small because of the
large difference in energy denominator compared to neighbouring s-wave reson-
ances where Es ^-EP n is typically ~ 10 eV. The observed magnitude of the

average asymmetry could then be explained if a single-particle matrix element
of the PNC interaction of about 30 eV is allowed. This value is clearly quite
large (about a factor of 6 larger than in light nuclei), but is not presently
ruled out. To resolve the issue we propose calculating the strength of the
effective one-body PNC interaction as a function of nuclear mass.
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3.5.1.5 The Neutron Halo of "Li

A.C. Hayes with W.R. Gibbs (LANL)

There is now a considerable amount of evidence that the very neutron-rich
nucleus nLi exhibits a 'neutron halo' in which the neutron radius is several
fermi larger than that for the protons. However, there is a large uncertainty
as to the magnitude of the halo, and results range from a total neutron rms
radius of 3.21 ±0.17 fm to a neutron halo with a radius of 12 fm. We have
examined the sensitivity of the pion double-charge exchange reaction,

B(7r",7r+)"Li to the assumed neutron radius, and found that the pion data can
be used to determine a strong upper limit on the extent of the neutron halo in

Li. The measured cross section was shown to determine the ritis radius of the
last two neutrons to be 5.1+0 fm, which corresponds to a total neutron nns
of 3.28+024 fm. For large assumed neutron-halo radii the cross section

decreases as the radius of the halo to the inverse sixth power, and a radius
of 12 fm leads to a cross section which is 3 orders of magnitude smaller than
that measured.

3.5.1.6 Identical Bands in Superdeformed Nuclei

N.C. Schmeing

The gamma radiation spectrum from a band of rotational states in a deformed
nucleus has been considered the signature of the band, giving a distinctive
moment of inertia as a function of the spins of the emitting states. Recent
data for certain pairs of rotational bands in superdeformed nuclei differing
by one or two particles show virtually identical moment of inertia curves.
The gamma spectra are either identical or offset by 1/4 or 1/2 of the spacing
between gamma energies (PR-PHY-2:3.5.1.5 (AECL-10420)). The unexpected data
have simulated much experimental and theoretical activity. We have developed
theoretical explanations for these phenomena.

Mathematically, the identical unshifted bands suggest that the wave function
for the superdeformed nucleus is multiplicative, with factors in disjoint
Hilbert spaces, and that the Hamiltonian is a sum of terms acting on the
respective factors, with negligible interaction terms. This immediately
implies structure in the superdeformed nucleus beyond the mean field approach
of the standard cranked shell model. Physically, it means that certain
nucleons participate in the collective rotation and others do not. We have
developed a model which identifies the nonrotating nucleons as an oblate core
consisting of filled N-shells (in the asymptotic harmonic notation). They are
surrounded by the prolate shape of rotating valence nucleons in higher N-
shells. Using the model, we have calculated the energy of such a state in

Dy and found it significantly lower than the energy of the conventional
cranked shell model state with all particles in the prolate deformed mean
field. Furthermore, there is one state in the oblate core which approaches
the Fermi surface and can give up a proton, resulting in the identical band in

Tb .
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We find that the pairs of bands with identical moments of inertia, and spectra
shifted by i/4 of the spacing, have a different origin that is unrelated to
the oblate core and does not require theory beyond the mean field approach.
For this case, we have derived a proof that such shifted bands result when the
two bands differ by a rotationally-aligned particle. These "intruder" parti-
cles have high angular momentum directed via the Coriolis energy term along
the axis of rotation. The shifted bands occur in pairs of nuclei in which one
has a closed shell and the other has an additional particle. One example is
in Dy, bands 2 and 3, observed at CRL, compared to 2Dy. This work has
been submitted for publication.

3.5.1.7 Theoretical Support for TASCC

N.C. Schmeing

Activities in support of the 8TT group at TASCC have included transporting a
comprehensive set of current software for theoretical analysis of experimental
data to CRL, after a two-week training session at Oak Ridge using the pro-
grams. Among the software is a large database from which one can predict
which nuclei may be superdeformed or hyperdeformed.

We are also developing a method of performing three-band mixing calculations
using the extremely precise energies and deduced interaction strengths to
reproduce the less precisely known B(E2) values. For this, we have derived
the appropriate equations and written a program to solve them graphically.
Also, we have been consulted by members of TASCC about theoretical papers
using methods of field theory and supersymmetry which could be relevant to the
8;r data.

3.5.2 Theoretical Condensed Matter Physics

3.5.2.1 Motion of CH4 Molecules in DiO Clathrate

V.F. Sears with B.M. Powell (NSSP Branch) and J.S. Tse (NRC, Ottawa)

The work described in the previous report (PR-PHY-2:3.5.2.5 (AECL-10420)) on
an incoherent inelastic neutron scattering investigation of the rotational and
translational motion of CH4 molecules encaged in a D2O clathrate lattice has
now been completed. A brief report was presented at the International Confer-
ence on Neutron Scattering ICNS '91 in Oxford last August, and a more detailed
account is being prepared for publication in J. Chem. Phys.

3.5.2.2 Optimum Thickness of a CoFe Polarizing Monochromator

V.F. Sears with T.M. Holden (NSSP Branch)

It is planned to acquire some slabs of Co Fe for use as polarizing mon-
ochromators in DUALSPEC. We have calculated the reflectivity of such slabs as
a function of thickness at various wavelengths for both reflection and trans-
mission geometry in order to determine the optimum thickness as a function of
wavelength. The calculations assumed a lattice constant of 3.52 A. a mosaic
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spread (FWHM) of 0.25° and took into account the effect of multiple Bragg
reflection (i.e. secondary extinction), absorption, incoherent scattering, and
inelastic scattering. The latter enters through the Debye-Waller factor which
was calculated at 300 K from the Debye model, using the measured Debye temper-
ature at 445 K. It was found that for wavelengths in the range 1 to 2 A the
op»:..ium thickness for reflection geometry was approximately constant with a
, ae of about 1 mm. For transmission geometry, the optimum thickness
Decreased monatonically from about 3 mm at 1 A to 1 mm at 2 A.

3.5.2.3 Neutron Scattering Lengths and Cross Sections

V.F. Sears

Our table of neutron scattering lengths and cross sections of the elements and
their isotopes, the most recent version of which appeared in the Skold-Price
book on Neutron Scattering (Meth. Exp. Phys. 23A (1986) 521), is now badly out
of date. Since we have recently received a request from G. Lander to re-issue
this table in Neutron News, and a similar request from R. Scherm for the new
edition of the Kohlrausch handbook Praktische Physik, we have carried out a
major update to include the many new measurements that have appeared in the
past six years.

For some elements, we have adjusted the values of the scattering lengths
slightly to remove inconsistencies that sometimes exist between the measured
values for the individual isotopes and the value for the element as a whole
when these values have been measured by different authors. We have also used
available cross section data to estimate values of the coherent and incoherent
scattering lengths that have not been measured directly and, wherever possi-
ble, we have used the "sum rules" to fill in gaps in the tables. The calcula-
tions and associated error analysis were performed using an electronic spread-
sheet which proved to be far more efficient than in previous versions where we
used a programmable hand calculator. The updated tables represent what is
probably the most complete and accurate compilation of neutron scattering
lengths and cross sections that it is possible to make today.

3.5.2.4 Band Effects on the Critical Temperature and the Isotope Effect

F. Marsiglio

The dependence of the superconducting critical temperature Tc and the isotope
coefficient a, on bandwidth, band-filling, and the direct Coulomb repulsion,
has been investigated within Eliashberg theory. The critical temperature
depends on bandwidth or band-filling significantly only in extreme situations,
i.e. where the phonon frequency is of the order of the electronic bandwidth,
or the electron density approaches zero. The same holds for the isotope coef-
ficient. In the so-called conventional regime, anomalously small isotope
coefficients are possible for low Tc; however, for higher Tc (approx 100 K), a
small isotope coefficient is not possible. This result corrects previous less
rigorous work by other researchers, and suggests that the low isotope coef-
ficients measured in the high-Tc materials cannot be understood with the elec-
tron-phonon mechanism of superconductivity. A paper has been submitted to the
Journal of Low Temperature Physics.
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3.5.2.5. London Penetration Depth in the Hole Mechanism of Superconductivity

F. Marsiglio with J.E. Hirsch (UCSD)

A tight-binding calculation of the London kernel, applied to the hole mechan-
ism of superconductivity, has been performed. In contrast to the usual situa-
tion, two contributions to the current arise: one from single particle hops,
the other from two particle hops. In the strong coupling limit the latter
contribution becomes dominant. A significant prediction for the oxides is
that the effective mass should be smaller in the superconducting state than in
the normal state, in contrast to the usual situation. A paper has been accep-
ted for publication in Physical Review B.

3.5.2.6 Hubbard Model

M. Sawicki and F. Marsiglio

A program to carry out exact diagonalizations within the Hubbard model has
been written and various cases have been tested against analytical results.
Various observables have been calculated for very small clusters, such as
total energy, magnetic moment, density of states, etc. Optimization of the
program and calculation of expectation values of two particle operators
remain to be done.

3.5.2.7 Antiferromagnetism in URu Si

F. Marsiglio with W.J.L. Buyers (NSSP Branch)

Calculations of the magnetic susceptibility and staggered magnetic moment have
been performed within a tight-binding itinerant model. We have used a body-
centered-cubic unit cell to model the Uranium ions in this material. We find
the remarkable result that at half filling the Fermi surface is nested with
nesting vector in the (100) direction. This fact naturally explains the mag-
netic ordering which occurs in URu Si . Calculations of lineshapes are
currently under way. 2

3.5.2.8 Long-Wavelength Phonon Self-Energy Effects Due to Superconductivity

F. Marsiglio with R. Akis and J.P. Carbotte (McMaster University)

The q=0 phonon linewidth shifts and broadenings due to superconductivity have
been measured by many groups in YBaaCmO and related compounds by Raman scat-
tering experiments. We have carried out calculations of the phonon self-
energy due to superconductivity, using a technically superior method to that
previously used by other workers in the field. As a result, a narrowing of
phonons whose frequency lies below the superconducting gap has been predicted
when impurities are added. Independent of our work, this result has recently
been observed by an experimental group at Simon Fraser University. A paper
has been accepted for publication in Physical Review B.
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3.5.2.9 Short Wavelength Phonon Self-Energy Effects Due to Superconductivity

F. Marsiglio

Preliminary work in this area has commenced. Calculations by other workers
have suggested that phonon self-energy effects diminish rapidly for short
wavelengths, a result which contradicts several experimental findings. In
contrast, we have found that if one uses a nested Fermi surface, phonon self-
energy effects due to superconductivity become greatly enhanced at particular
wave vectors, a result which may explain these experiments. This result can
be tested directly by careful neutron inelastic scattering measurements on the
oxides, similar to those performed on Nb by Axe and Shirane (Phys. Rev. Lett.
30 (1973) 214).

3.5.3 Fundamental Theoretical Science

3.5.3.1 Tangles and Partially Closed Braids

H.C. Lee

We have proven two propositions: (1) Every oriented (n,n)-tangle diagram is
isotopic to a partially closed braid with n strands unclosed; (2) Every (n,n)-
tangle diagram can be transformed to a partially closed braid with n strands
unclosed using only Reidemeister II moves involving two antiparallel strands.

A tangle T is the disjoint union of n open strands and a number of closed
strands embedded in a 3-ball in R , with all the 2n open ends held fixed on
the S> boundary of the 3-ball. An n=0 tangle is a link. The mathematical
structure of tangles is similar to that of holonomies in field theory, or
quantum holonomies in quantum field theory (PR-PHY-2:3.5.3.3 (AECL-10420)).
In the latter cases, the strands correspond to magnetic flux lines.

The proofs are based on exploiting the properties of Seifert circles in tan-
gles. They are contained in a paper having the same title as this section
heading and written during my summer visit to the Research Institute for Math-
ematical Sciences at Kyoto University. It is being circulated as a RIMS pre-
print (no. 777 (1991)).

3.5.3.2 A Functor for Tangles

H.C. Lee

A functor is a mapping of a topological structure to an algebraic structure.
We have proven a proposition stating that every irreducible representation of
a quasitriangular Hopf algebra supports a functor for tangles. An application
of the proposition, to be elaborated in future work, is to map the properties
of the quantum holonomies of topological quantum field theories to quasitrian-
gular Hopf algebras.

The proof of the proposition is based on the two propositions cited in the
item above and is contained in a paper entitled "On Seifert circles and
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functors for tangles". It is being circulated as an CRL and RIMS preprint
(RIMS-825) and will be published in the book Infinite Analysis, edited by
M. Jimbo et al.

3.5.3.3 Quantum Symmetries Associated with the Two Parameter Free
Fermion Model

M. Couture with M. Bednar and L. Hlavaty (Institute of Physics,
Czechoslovak Academy of Science) and C. Burdik (Charles University,
Prague)

The quantum algebras associated with the R-matrix obtained from the two-
parameter free-fermion model have been examined. We have shown that, in addi-
tion to the two parameter deformed quantized universal enveloping algebra of
g/(l,l), there exists another algebra which is isomorphic to the former as an
algebra but has a different Hopf structure. The problem is discussed in the
context of Manin's quantum spaces. The algebras have been derived by examin-
ing the symmetries of two sets of quantum spaces. Each set includes a pair of
quantum spaces and the notion of duality plays a role in defining the set.
The existence of a different Hopf structure originates from the fact that two
different definitions of duality have been considered. A paper on this work
has been submitted to J. Phys. A.

3.5.3.4 Generalized Quantum Symmetries

M. Couture and H.P. Leivo

Work is underway in developing and probing the implications of a generaliza-
tion of the approach of Manin to obtaining quantum groups. The two quantum
group structures described in PR-PHY-2:3.5.3.7 (AECL-10420), and there dis-
cretely characterized as graded (supersymmetric) and non-graded, have been
discovered to be members of a continuum of quantum group structures obtained
by unifying the two definitions of duality from which they arise, through the
consistent introduction of one or more continuous parameters.

The modifications required in the general framework to achieve a more far-
reaching generalization which encompasses this example have been elaborated.
Some ambiguities in the development of the final formalism must still be elim-
inated by studying the implications of various allowed choices in specific
examples.

3.6 PUBLICATIONS AND LECTURES

3.6.1 Publications

SUPER ALLOWED 26A/ra(£+ + EC)26Mg DECAY
S.W. Kikstra. Z. Guo, C. van der Leun, P.M. Endt, S. Raman, T.A. Walkiewicz,
J.W. Starner, E.T. Jurney and I.S. Towner
Nucl. Phys. A 529 (1991) 39
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COHERENCE EFFECTS IN ELECTROMAGNETIC ABSORPTION IN
SUPERCONDUCTORS
F. Marsiglio
Phys. Rev. B 44 (1991) 5373-5376

COHERENCE EFFECTS IN HOLE SUPERCONDUCTIVITY
F. Marsiglio and J.E. Hirsch
Phys. Rev. B 44 (1991) 11960-11970

COHERENCE EFFECTS IN HIGH-Tc OXIDES
F. Marsiglio
Physica C 185-189 (1991) 1675-1676

PHONON SELF-ENERGY EFFECTS IN MIGDAL-ELIASHBERG THEORY
F. Marsiglio
Proceedings of the Symposium on Manifestations of the Electron-Phonon Inter-
action in CuO and Related Superconductors, Mexico City, 1990 December 11-15,
World Scientific, Singapore, 1991

Q-DEFORMATION OF s/(2,C)xZ AND LINK INVARIANTS
H.C. Lee N

in Differential Geometric Methods in Theoretical Physics: Physics and
Geometry, Eds. L.L. Chau and and W. Nahm (Plenum, 1960), pp. 359-372

QUANTUM HOLONOMY
H.C. Lee and Z.Y. Zhu
Phys. Rev. D 44 (1991) 942-945

DEBYE-WALLER FACTOR FOR ELEMENTAL CRYSTALS
V.F. Sears and S.A. Shelley
Acta Cryst. A 47 (1991) 441

NEUTRON SLOWING DOWN AND THERMALIZATION
V.F. Sears
Proceedings of the International Workshop on Cold Neutron Sources, Los Alamos
National Laboratory, 1990 March 5-8, LA-12146-C, 1991 August, p. 157

DENSITIES OF VIBRATIONAL STATES AND HEAT CAPACITIES OF CRYSTAL-
LINE AND AMORPHOUS HzO ICE DETERMINED BY NEUTRON SCATTERING
D.D. Klug, Edward Whalley, E.C. Svensson, J.H. Root, and V.F. Sears
Phys. Rev. B 44 (1991) 841

DETERMINATION OF THE RADIUS OF THE uLi NEUTRON HALO FROM PION
DOUBLE CHARGE EXCHANGE
W.R. Gibbs and A.C. Hayes
Phys. Rev. Lett. 67 (1991) 1395
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3.6.2 Lectures

QUANTUM GROUP AND PHYSICS
H.C. Lee
Five lectures given at Institute of Physics, Academia Sinica, Taipei, Taiwan,
1991 June 14-15

QUANTUM GROUP AND PHYSICS
H.C. Lee
Colloquium given at National Taiwan University, Taipei, Taiwan, 1991 June 17

CENTRAL ELEMENTS OF QUASITRIANGULAR HOPF ALGEBRAS
H.C. Lee
Talk at the RIMS91 Project: Infinite Analysis, held at Research Institute of
Mathematical Sciences, Kyoto University from 1991 June 1 to August 31,
1991 July 4

QUANTUM SYMMETRIES ASSOCIATED WITH THE PERK-SCHULTZ MODEL
M. Couture
Talk given at the Second International Wigner Symposium, Goslar, Germany,
1991 July 18

COHERENCE EFFECTS IN HIGH-Tc OXIDES
F. Marsiglio
Paper presented at the Conference on Materials and Mechanisms of Superconduc-
tivity: High Temperature Superconductors, Kanazawa, Japan, 1991 July 22-26

QUANTUM SYMMETRIES ASSOCIATED WITH THE PERK-SCHULTZ MODEL
M. Couture
Seminar given at the Physics Department, Charles University, Prague,
1991 July 25

ROTATIONAL AND TRANSLATIONAL MOTION OF CH4 MOLECULES ENCAGED
IN D2O CLATHRATE FROM INCOHERENT INELASTIC NEUTRON SCATTERING
V.F. Sears, B.M. Powell, J.S. Tse, C.I. Ratcliffe, and Y.P. Handa
Paper presented at the International Conference on Neutron Scattering -
ICNS '91, Oxford UK, 1991 August 27-30

REPORT ON THE INTERNATIONAL CONFERENCE ON NEUTRON SCATTERING,
ICNS '91, OXFORD, UK, 1991 AUGUST 27-30
V.F. Sears
Physics Colloquium, CRL, 1991 September 11

SU(3) SYMMETRIES IN EXOTIC NEUTRON-RICH NUCLEI
A.C. Hayes
Invited Talk for the Symposium in honor of K.T. Hecht, Ann Arbor, Michigan,
1991 September 18-21
QUANTUM GROUP AND QUANTUM HOLONOMY
H.C. Lee
Colloquium at Centre for Theoretical Physics, MIT, 1991 October 21
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STRUCTURE OF THE EXOTIC NEUTRON RICH NUCLEUS uLi
A.C. Hayes
Invited Talk, DNP Meeting of APS, East Lansing, 1991 October 23-25

QUANTUM ALGEBRA AND SUPERSYMMETRY
H.C. Lee
Seminar given at the Physics Department, Harvard University, 1991 October ll

COMPETING INSTABILITIES: SUPERCONDUCTIVITY vs. CHARGE DENSITY
WAVES IN A 2-D ELECTRON-PHONON MODEL
F. Marsiglio
Colloquium given at the Physics Department, University of Manitoba,
1991 October 23

MESON-EXCHANGE CURRENT ENHANCEMENT IN FIRST-FORBIDDEN BETA
DECAY IN THE LEAD REGION
I.S. Towner
Seminar given at Queen's University, 1991 December 6
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