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SUMMARY

J.C.D. Milton

1.2 Nuclear Physics Research

1.2.1 TASCC Facility Progress

Experiments have begun at the interim target location with beams from the MP
tandem accelerator. Carbon, nitrogen, oxygen, and iodine ions from 30 to
85 MeV have been available. First beam injection to the cyclotron is
expected in July (2.35).

The Phase II RFA has been informally discussed with all levels of management
in the Research Company. Formal submission is contingent on production of
the first cyclotron beam (2.43).

Detailed drawings for the Phase II Vacuum and Support Systems have been
completed (2.44).

Software has been developed for collecting, analyzing and presenting data
from the Phase I beam diagnostic equipment, and tested by successfully
setting up the beam transport system to match the beam to the cyclotron
acceptance (2.36 - 2.39).

The new data acquisition system based on a Perkin-Elraer 3230 computer is now
operational and can accommodate data rates up to 500 kbytes/s. The system
includes a 16-channel singles/coincidence ADC scanner, a powerful LRS 4805
CAB microprocessor, and multiscaling/multispectrum facilities. High rates
are achievable because (under program control) the CAB can read ADCs, TDCs
and sealers through its parallel CAMAC highway. The data are preprocessed
and transferred to the Perkin-Elmer via a CAMAC FIFO memory. Many special
purpose modules are available (2.31 - 2.34).

The isotope separator (ISOL) is being recommissioned. Although the
resolution of the first beam (N2) was only 1000 compared to a high of
20 000 before relocation, many substantial improvements were made during the
relocation. Some of these are: a failsafe vacuum, cooling water and power
failure system; new high voltage supplies; a water cooled extraction
electrode; a fully automated liquid nitrogen distribution system; a new
experimental chamber on the 20° line and additional vacuum pumping.
Improved reliability as well as performance is expected (2.24, 2.27).

Further work has been done on the determination of atomic masses for nuclei
far from stability directly with ISOL itself (2.23, 2.25) or with high
precision via a mass spectrometer following the separator. In the latter
case the design of the former Manitoba-CRNL proposal has been considerably
modified and simplified and will be the basis for a new proposal (2.21 -
2.23).
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Excellent progress has been made on the 8-rc spectrometer. All of the
germanium detectors have been delivered and about 70% of the electronics.
An extensive iron mock-up of the 72 element bismuth germanate (BGO) core has
been assembled; the design of the mechanical structure is complete; castings
and other components are being machined. An order for the 72 BGO core
elements is being processed (2.19 - 2.20).

The design of the reaction mechanism facility is well in hand. The 36
element "phoswich" light element array has been delivered and tested in an
actual experiment. The construction of a prototype heavy element detector
is underway. The front-end Bragg curve detector section has been built and
tested while a rear component fast-slow plastic scintillator element has
been assembled (2.16 - 2.18).

See also section 1.6.2 below.

1.2.2 Research Activities

Development of the 80 strip, variable potential, tritium source for the
neutrino mass experiment continues. The strips are 120 mm long with a
radius of curvature of 950 mm. A prototype substrate has been made and the
mounting assembly is under construction. Tests on producing thin tritium
sources have continued with Y instead of Ti. Y is easier to hydride but the
oxide dead layer is slightly thinner with Ti. Further measurements of the
7t/2 spectrometer resolution have been made with a 22 element detector
(formerly one detector) and the conversion electrons from a ^-^Yb s o u r c e .
Initial line widths were 20 to 100% broader than calculated. A major cause
was the outer of the two detector windows. When this was removed, the lines
were still 10 to 16% broader than calculated. The reason is not understood
(2.2 - 2.6, 4.19). A degaussing system to compensate for the stray field of
the superconducting cyclotron has been built (2.7).

Over 30 000 spectra have been analyzed for the 8-fold ratio in the •*•%
parity mixing experiment performed on the Queen's University van de Graaf.
The value of the weak pion nucleon-nucleon coupling constant so deduced is

f
. , 7 +1.29 i n= 0.37 0 3 ? x 10

This value is significantly lower than the "best" calculated value and is
not consistent with the one deduced from experiments on 21j]e an<j 19p.
Further theoretical work is indicated (2.10).

The hard pion model of Ivanov and Truhlik is being used to calculate axial
vector meson exchange currents in a first approach that brings the Al meson
into the calculation. The results indicate corrections at the percent
level, insufficient in themselves to explain the observed quenching of the
single particle matrix element. However, when nuclear structure corrections
are properly accounted for a consistent picture emerges (4.9).
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A complete recalculation of charge-dependent effects in superallowed beta
decay has been undertaken in an attempt to resolve the discrepancy in the ft
values for low-Z and high-Z elements, which differ by about five standard
deviations. Although the results are not the same as the previously
calculated corrections, the discrepancy remains (4.10).

1.3 Condensed Matter Physics

A design has been developed for the dual-beam neutron spectrometer, a joint
project of AECL and Canadian Universities. The design has achieved the
objective of stacking a polarized beam spectrometer and a high-throughput
diffraction spectrometer one above the other on the C5-C2 holes at the NRU
reactor. Heavy components will be floated on air cushions. The
diffractometer unit of this facility will produce structural data of order
100 times faster than existing equipment and, by polarizing the neutrons,
the triple-axis unit of the facility will enable magnetic and vibrational
excitations to be separately identified in a much more direct and
unambiguous manner than at present (3.3, 3.4)

A spin-wave model analysis of neutron scattering data for CsNiCA3 supports
the conjecture that there is a gap in the spin-wave spectrum of the spin-1
Heisenberg antiferromagnetic chain (3.6).

The residual strain ellipsoids in the two ideal textures produced by rolling
Zircaloy-2 calandria tube material have been measured by neutron diffraction
and shown to be identical in the crystal coordinate frame. The result has
important consequences for modelling in-reactor creep and growth (3.9).

The 174 K phase transition in solid CD3Br and the potential barrier between
the two phases can be understood in terms of a simple model for the inter-
atomic interactions and the known molecular dipole moment (3.14).

A detailed analysis of neutron powder profiles of K2OSCI6 between 40 K and
120 K has demonstrated the existence of precursor clusters of a tetragonal
phase over a wide temperature range above the ferro-rotational phase transi-
tion at 43 K (3.16).

A theoretical model has been formulated that correctly predicts the solute
atom locations for a range of solutes in alloys of type A3B (3.23).

The neutron spectrometers at the NRU reactor are controlled by a network
system based on PDP-11 computers. A link to the central computer at CRNL
can now be used to provide "dial-up" access to the network, so that NRU
experiments may be monitored and/or modified from remote terminals (3.24).

A feasibility study on the use of a D2O Cerenkov detector for neutrino
detection in a Sudbury area mine has been completed. The study shows that a
1000 t D2O detector, capable of solving the "solar neutrino problem", of
determining if neutrino oscillations exist and of detecting stellar collapse
in our galaxy, can be built (3.35).
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A non-vanishing Fizeau effect has been shown to occur for thermal neutrons
transmitted through a moving slab when proper account of local field effects
is taken (A.4).

The radlonuclide metrology laboratory was moved from Bldg. 114 to Bldg.
115. Two standards of mixed Ba and Eu activities uniformly
distributed in a gel and sealed in stainless steel tubes were supplied to
Darlington G.S. with certificates of traceability to international standards
(3.43, 3.47).

1.4 Theoretical Physics - Field and Grand Unified Theories

Work, on Kaluza-Klein theories continued with a calculation of the one-loop
Casimir energy valid for all values of the gauge parameter and for arbitrary
non-compact space-time dimension. The resulting potential is attractive and
independent of the gauge, thus confirming by actual calculation the theorem
of Cohler and Chodos, and Yasuda on gauge independence (4.14).

The triangle anomaly in quantum electrodynamics has been computed with a new
analytic regularization procedure. The work is being extended to
supersymmetric theories (4.11).

A comprehensive set of two-point integrals for quantum field theories in the
light-cone gauge is being prepared (4.16).

1.5 Applied Mathematics & Computation

The MARC code has been used for a three-dimensional thermal-stress analysis
of the Wolsung pump journal assembly, a stress analysis of the 8-Pi spectro-
meter support structure, and a thermal analysis of the Radio-Frequency Quad-
rupole (RFQ1) cooling tower. A new version of the STARDYNE code, involving
stress hybrid elements, has been installed. A new version of TPIPE with
improved seismic analysis capabilities has been installed (5.13).

A number of modifications to the HTFS library have been made, including the
installation of new versions of two of the codes and an interactive version
of PPDS. Twenty-seven magnetic tapes were issued to subscribers (5.20).

The SANDYL code was used for a number of applications, including low energy
electron transmission and scattering from thin films, forward scattering of
low energy electrons in a thin film of polypropylene, beam loading effects
of a 10 MeV pulsed electron linac, and the electron dose distribution in a
10 ml polymer vial at 200 kilovolts. The MORSE code was used to perform
neutron and gamma-ray shielding calculations for the design of a neutron
spectrometer to be used at the NRU C5 beam tube (5.21).

Modifications to the computer code for the simulation of ultrasonic testing
have cut the execution costs by 50%. The model predictions are in good
agreement with simple laboratory experiments. A practical method of
incorporating the transducer in the model has been devised (5.16).
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A number of phenomenological models were fitted to steam void condensation
profiles above a heated element (5.17).

The KOBRA3 ion beam simulation package of programs was installed on the
CYBER 830 computer (5.28).

Miscellaneous programs developed or modified during the period include:

- an interactive nuclide identification program,
- a program to compute power supply reliability parameters,
- a system for maintaining the CRNL Standards Index,

- a system for maintaining a supplier/product database,

- two new AELIB functions to compute thermodynamic and transport
properties of light water,

The major developments in programming languages and utilities have been
(5.7, 5.8):

- the FILESET file management utility was installed on NOS/BE,
- an extensive review of device drivers for the PLOT79 package was

completed

- the TSLIDES computer graphics program was released for general use,
- the graphics viewing system GRVIEW was modified to use the NOS system.

Hardware enhancements to the central site computers and peripherals include
the removal of the 3300 computer system, and the installation of a dual-CPU
CYBER 180 model 830 computer with two million words of memory. An
additional disc controller and disc drive were added to the disc subsystem
of the 720 computer. ECS is currently shared by the 720 and 6600
computers. An Intergraph 751 computer system was installed, for use by
Design and Technical Service Branch (5.2, 5.3).

Developments in communications subsystems include the installation of
multiplexors in buildings 100, 145, 250, 432 and 508, and the installation
of a PAD in the Computing Centre, to provide an interface between the PACX
and INTRAN. The X25 interface to the Computing Centre has been tested, and
software problems identified. The KERMIT file transfer software has been
tested. A microcomputer-based data acquisition system is under development
to monitor network activity (5.9).
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Utilization of the Computing Centre during the first half of 1985 was:

Corporate Head Office
Radiocheraical Company
Chemical Company
Engineering Company
WNRE
CPRS
CRNL:
Computing Centre 24.60 13.67
Contract Accounts 1.34 1.15
Information Services 0.63 0.62
Health Sciences 4.26 2.41
Chemistry & Materials 3.06 6.93
Physics 8.23 10.07
Electronics, Instrumentation
and Control 0.31 0.28
Advanced Projects
& Reactor Physics 20.14 26.32
Fuels and Materials 10.48 12.05
Administration 1.39 0.53
Finance 2.87 2.00
Operations 3.24 3.34
Maintenance & Construction 0.00 0.00
General Services 0.11 0.10
Plant Design 1.27 1.42
Special Projects 4.72 2.55
Commercial Operations 0.24 0.12
Environmental Authority 0.12 0.03
Quality Assurance 0.22 0.07
Others 0.00 0.00

1.6.1 Accelerator Physics

1.6.2 Research Applications and Generic Studies

1.6.2.1 Heavy-Ion Superconducting Cyclotron

The cyclotron magnet system is assembled and has been operated to adjust tfe

poles and coil to concentricity. The current and trim rod positions for Lne
commissioning ion I have been set up and the magnetic induction mapped.

The injection steering magnets and the magnetic extraction channel have been
operated in the background field of the main magnet, their fields measured
along the beam trajectory, and the channel contribution to the midplane
magnetic harmonics measured.
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The liquid helium level in the main cryostat has been brought to the full
operational level for magnet and cryopump operation.

The two cryopumps for the midplane vacuum system are installed, instrumented
and ready for operation.

The magnet coil protective instrumentation has been overhauled, following an

initial malfunction leading to spurious magnet trips on excitation.

The radiofrequency system has been tested to 75% maximum power in the water
load and the complete rf accelerating system assembled.

Buncher tests have been carried out, with the commissioning ion, to check
the capability of the bunch phase control circuitry.

The foil changer has been installed and operated in the cyclotron.

The components of the electrostatic deflector for the extraction system are
being fabricated.

The diagnostic probes have been installed and their system variables
installed on the main computer system.

Trajectory calculations for eight ions have been completed.

A program for processing the diagnostic probe data has been written and
tested on simulated data.

A program for setting the first harmonic field for extraction without

changing the isochronous field has been developed.

SUPERGOBLIN has been modified to allow an additional analytic representation
of the extraction channel for future channel development studies.

1.6.2.2 Laser Acceleration of Particles

A collaboration has been established between CRNL and INRS, Varennes, to
conduct studies of the plasma beatwave accelerator concept. The
experimental work will be carried out at INRS, Varennes. The supporting
particle simulations are being conducted on the CRNL Cyber system using a
one space dimension relativiscic electromagnetic particle code.

1.6.2.3 Diagnostic Equipment Development

One prototype beam-light profile monitor was assembled, a FORTRAN program
for data acquisition was completed and testing of the profile monitor system
has begun on ITE.
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Two tomographic reconstruction programs, to be used with profile monitor
data, were Implemented on the INTEL System 310.

Stark quenching of Ha beam-light, caused by beam space charge, was shown
to occur in a 20 keV proton beam.

1.6.3 Accelerator Breeder Studies

l.b.3.1 High Current Test Facility

During final runs with the Alvarez accelerator, cw proton beams of = 5 mA
were accelerated at field levels 10% above the nominal design. The Alvarez
tank and 750 keV injector have now been moth-balled.

6.3.2 RFQ1

Fabrication of RFQ1 injector components is essentially complete.

Comparison of finite element particle dynamics calculations with PARMTEQ
showed that for many applications, PARMTEQ is sufficient.

RFQ3D code has been used to identify ways to flatten the fields in the
resonator accelerating structures of the TR1UMF cyclotron.

Conceptual design for a proposed TRIUMF ISOL post-accelerator is in
progress.

The Resonant Load frequency has been lowered to a better operating region
for the rf generator.

First tests of a ceramic window high power rf drive loop are underway in the
Resonant Load Facility, and modeling tests of a drive loop for RFQ1 have
been completed.

A high power four-rod RFQ sparking test unit, part of a joint experiment
with the University of Frankfurt and Los Alamos National Laboratory has been
fabricated and is being tuned.

Calculations and experiments on rf field distributions in holes in cavities

were completed.

Fabrication of the first components for the RFQ has started. Drawings for
the main tank are almost complete. A full scale RFQ1 vane tip has been
machined on a numerically controlled milling machine and is satisfactory in
all respects.

Cooling system designs have been modified to save costs and defer payments
to next fiscal year. A planned addition to Bldg. 610 to house the cooling
systems has been cancelled.
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1.6.4 Medical and Industrial Applications

1.6.4.1 Electron Test Accelerator

There were 58 hours of low current (< 200 ^A) Accelerator operation in the
period for irradiation purposes. Wood chips, washed pulp, paper sludge and
newsprint were irradiated as part of the collaboration with NRC, Ottawa.

Model 5 was operated with high power rf for extended periods. A design
problem in the tuner ports limits the cw power level to 26 kW.

The three heat exchangers for the klystrons and accelerator were cleaned.

A compilation has been made of the Monte Carlo calculations for
bremsstrahlung and neutron yields from electrons on slab targets.

Work has begun on developing dose and dose rate meters that could be used on

industrial irradiators.

A 2.45 GHz on-axis coupled structure has been constructed and shipped to the
University of Mainz where high power rf tests will be performed. Low power
tests showing a 7% improvement in ZT have been achieved by reducing the
width of the coupling slots.

The chopper cavity has been fabricated and the rf drive system is now being

assembled.

The effects of a dielectric cylinder in a coaxial cavity have been
investigated using URMEL-7 and a new version of SUPERFISH. Both codes give
consistent results.

Work has begun on developing microprocessor based control systems that could
replace the aging Model 70 computer.

An analytic formalism has been developed for quick estimates of neutron
yields from electron bombardment of targets of various thicknesses and
materials. It gives results that are within a factor 2 of those calculated
with time-consuming Monte Carlo methods (3.31).

1.6.4.2 Ion Source Development

A redesigned anode insert has improved operating stability of the plasma
generator. Operation of the plasma generator with a hot liner and anode has
shown that temperatures required for operation with non-volatile feed stocks
are readily achieved.
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(1) Visiting Scientist from Laboratoire Rene Bernas du CSNSCM, Orsay,
France; sponsored by National Research Council of Canada; reported
1984 February 27.

(2) Post Doctoral Fellow.

(3) Visiting h..j.entist from Institute of Modern Physics, Lanzhou, 'Che
People's Republic of China.

(4) Physicist; joined AECL 1985 January 10.

(5) Physicist; joined AECL 1985 January 16.

(6) Attached (part time) from the Universite de Montreal.

(7) Retired 1985 June 11.

(8) National Summer Student from Universite de Montreal; reported for duty
1985 May 06.

(9) Waterloo Co-op student; reported for duty 1985 April 29.

(10) National Summer Student from Concordia University; reported for duty
1985 May 13.

(11) National Summer Student from University of Saskatchewan; reported for
duty 1985 May 03.

(12) Local Summer student from the University of Waterloo; reported for duty
1985 May 01.

(13) Started Maternity leave May 14, 1985.

(14) Temporary stenographer; reported for duty 1985 May 16.

Also has responsibilities in Section I and occasionally in Nuclear
Detectors and Metrology Section of the Neutron & Solid State Physics
Branch.
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2.2 Design of a Multistrip Tritium Source for the Neutrino Mass Experiment

R.L. Graham, J.L. Gallant, G. Audi and D. Hetherington

The Moscow group of Lyubimov et al. have reported evidence for a 'light'
electron antineutrino having a mass of K 33 eV (Proc. International
Conference on High-Energy Physics at Brighton, U.K., 1983 June, p. 396) and
have confirmed it at the 1984 Conference at Leipzig D.D.R. (1984 July 19-25
- preprint). In order to test the validity of their conclusion we need thin
(< 2 Mg/cm ) large-area tritium sources of the highest achievable activity.
In order to realize the necessary < 20 eV energy resolution near the
endpoint energy of 18.6 keV, our source must be split into narrow (1 mm)
segments to which will be applied appropriate accelerating or decelerating
voltages in the manner first used by Bergkvist (Ark. Fys. 27 (1964) 393 and
439).

An 80-strip source substrate has been designed to meet these requirements.
The first unit was constructed by rolling long strips of aluminum, 16 mm
wide by 1 mm thick, to a a 1 m radius of curvature and then cutting into
120 mm lengths. These were then placed between solid end pieces having the
desired curvature (R=950 mm) and clamped prior to machining and annealing.
The 2 ug/cm layer of titanium, needed to bond the tritium, will be sublimed
onto the machined edges of the strips over a 100 mm length leaving 10 mm end
portions for electrical connections (cf PR-P-141: 2.3; AECL-8849).
Following source preparation, 0.25-mm-thick mylar insulating spacers will be
inserted between the strips prior to re-clamping and mounting in the TT/2 0
spectrometer. The first unit (without tritium) has been assembled with
spacers and found to meet the desired mechanical precision.

2.3 Mounting Assembly for the Multi-strip Tritium Source

G. Audi, R.L. Graham, D. Hetherington with R.J. Toone, S.H. Kidner
(Neutron & Solid State Physics Branch) and with K.R. Carlson
(Electronics Branch)

The radius of curvature of the 120-mm-long strips of tritiated titanium used
in the neutrino mass experiment is, in first approximation, R=R0cosxi
(memorandum G.E. Lee-Whiting to R.L. Graham, 1982 November 11) where R =1 in

and Xi is the 'tilt' angle between the active surface of the multi-strip
source (PR-P-141: 2.2; AECL-8849) and the radius vector from the axis of the
TT/2 8 spectrometer. Accelerating (or decelerating) voltages are applied
individually to each strip such that electrons of a given initial energy
come to focus at a common radial position on the detector plane (cf K.E.
Bergkvist, Ark. Fys. _2_7 (1964) 383 and 434). In addition the source strips
should be surrounded by a plane of conducting strips having the same
curvature and voltage dispersion.

To meet these requirements a mounting assembly has been designed and is cur-
rently under construction. The 80 element source array (PR-P-141:2.2;
AECL-8849) will be nested in the centre of a 254-mm-diameter Lexan disc
supported by insulated mounts inside a 305-mm-diameter vacuum chamber. The
surface of the disc will be covered by a flexible printed circuit made on
Pyralux Kapton Copper Laminate (made by Dupont).
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The Cu strips have the desired 950 mm radius. The 80 central strips at
1.25 nun spacing make electrical contact with the top and bottom ends of the
Al source strips.

A second Kapton printed circuit will be used to bring 200 electrical leads
into the vacuum chamber.

The resistive divider chain is mounted outside; potentials of up to 6 kV
(± 3 kV) are applied across the 254 mm diameter source holder disc under
computer control (PR-P-1A1:3.36; AECL-8849). Of the 200 electrical leads,
80 are connected to the top ends of the 80 source strips and 80 to the lower
ends; using an ohmmeter one can readily check for electrical continuity
along each strip. The remaining 40 leads are used to set the potentials of
the curved copper strips on either side of the source array.

Both Kapton printed circuits were designed using the CAD system in the
Electronics Branch.

2.4 Source Preparation for the Neutrino Mass Experiment

H.R. Andrews, J.L. Gallant, P. Dmytrenko with H.H. Plattner (Solid
State Science Branch)

Experiments to develop sufficiently thin tritium sources of adequate
strength have continued. Experiments with Nb and V-Nb alloys were not
particularly successful but good deuterium uptake was observed with thin Y
layers. The experimental conditions were: substrate temperatures of about
260°C and deuterium pressures of about 1 torr. Samples were prepared on Be
substrates so that Rutherford back-scattering (RBS) could be used for oxygen
analysis. Results are given in Table 2.4.1. When deuterium content is
plotted against Y thickness, the slope corresponds to a D/Y ratio of 1.54
and the intercept to an oxidized Y layer of 1.75 ugcm" . Assuming an oxide
Y2O3, the predicted amount of oxygen is 0.5 ugcm" in good agreement with
the average RBS value of 0.6 vgcmT . These results for Y layers are similar
to those for Ti reported earlier (PR-P-139: 2.2; AECL-8554). Y is easier to
hydride, but Ti probably shows slightly thinner oxide dead layers.

Sample

A
B
C
D
E

Be blank

Y (ygcm 2 )

1.70
7.5
1.24
3.2

17.7
0

Table 2.4.1

Net 0 (Mgcm~2)b^

0.7
0.6
0.4
0.3
0.8
0.5

_2
D (ngcm )

1.
205
0.
52

548
0

a) Samples evaporated on Be substrate.
b) After subtraction of 0.5 MgcnT 0 from Be blank.
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2.5 TT/2 Beta-Spectrometer Resolution Measurements

D.W. Hetherington, K. Wheeler, R.L. Graham and J.S. Geiger

The line shape and resolution of the TT/2 spectrometer when operated with a
multi-strip source and a multi-element detector is of crucial importance to
the neutrino-mass experiment. Preliminary measurements of the
spectrometer's focusing properties were performed with a single element
counter and a photographic plate (PR-P-139: 2.3; AECL-8554). The present
measurements are the first to be done with the 22-element detector designed
for the neutrino-mass experiment (PR-P-140: 2.4; AECL-8648). The detector
plane is inclined at an angle of 42° with respect to a radius vector from
the beta spectrometer axis. The baffle aperture is 8.4 cm wide and is
located half way between the source and detector.

The expected resolution for each of the 22 detectors has been calculated
for various single element source locations with a second order electron
optical formula (G.E. Lee-Whiting, private communication). To test the
accuracy of these calculations, the full widths at half maximum of the 18.4,
53.0, 71.1 and 99.7 keV conversion electron lines of Yb were measured.
The source was a rectangular strip, 1 mm wide by 20 mm high, which could be
moved horizontally on the source plane from 9 cm inside the optic circle
(X=-9 cm) to 9 cm outside (X=+9 cm) and vertically from 4.5 cm above the
plane of symmetry (Y=+4.5 cm) to 4.5 cm below (Y=-4.5 cm). The source plane
was tilted at an angle of Xi=~20° with respect to the radius vector from
the B-spectrometer axis.

Initial measurements gave line widths much broader than expected (20%
broader at 100 keV and up to 100% broader at 18 keV). The cause of the
broadening was traced to multiple scattering in the thin outer window of the
detector's double window system (PR-P-140: 2.4; AECL-8648). The amount of
scattering was calculated by the Monte Carlo code SANDYL (P.Y. Wong and
M.A. Lone, private communication) and found to be consistent with the
observed line broadening.

As a consequence, the outer detector window was removed. To reduce the
leakage of isobutane (PR-P-140: 2.3; AECL-8648) the remaining window was
reinforced with a sheet of 0.6 Mg/cm aluminized mylar. The leak rate of
this window is negligible but it is too thick for detecting electrons of
energy below about 30 keV. A solution to this problem is currently being
sought.

In the meantime, resolution studies were carried out for energies above
30 keV. Table 2.5.1 shows the results of measurements of the width of the
99.7 keV line at three source positions in comparison with the calculated
(plus natural) line width. For a source position of X=0 (on the optic
circle) the measured widths are about 10% broader than those calculated. At
X=+5cm (outside the optic circle) the lines are about 16% broader than
calculated. With the source at X=-5. cm, the line width changes
significantly from detector #1 (7.8 cm inside the optic circle) to detector
#22 (7.8 cm outside the optic circle).

Table 2.5.1 also shows the width of the 53 keV line with X=0 and Y=-4.0 cm
(below the plane of symmetry). In this case, the line is about 10% broader
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for the detectors farthest from the optic circle than for those near it.
The same result is obtained with the source 4.0 cm above the plane of
symmetry.

Similar measurements were performed with the appropriate correcting voltages
applied (PR-P-141: 2.6; AECL-8849). As expected, although the lines shift,
their shapes are the same as without the applied voltage.

The reason for the discrepancy between the measured and calculated line
widths, especially the variations over the detector array for source
positions inside the optic circle, is not yet understood. Source thickness
effects are ruled out by the fact that two sources prepared from the same
solution but differing in thickness by a factor of three to four yield the
same line widths. A more accurate calculation of the line widths using a
Monte Carlo approach is being performed by G.E. Lee-Whiting.

The high quality
and P. Dmytrenko.

16 Yb sources were prepared by R.H. Martin (NSSP Branch)

Table 2.5.1
Comparison of Calculated and Measured Line Widths for Various Source

Positions

99.7

99.7

53.0

Source
Position
(cm)

Detector
X_ Y_ Number

-5. 0. 1
6
11
16
22

0. 0. 1
6
11
16
22

+5. 0. 1
6
11
16
22

0. -4. 1
6
11
16
22

*To make the trend clearer, measured values were read from a smooth curve
drawn by eye on a graph of the data points.

Full width half maximum
(% Momentum)

Calculated
+ Natural

0.50
0.50
0.50
0.50
0.50
0.45
0.45
0.45
0.45
0.45
0.50
0.50
0.50
0.50
0.50
0.48
0.48
0.48
0.48
0.48

Measured*

0.59 ±
0.58
0.56
0.55
0.53
0.49 ±
0.49
0.49
0.49
0.49
0.58 ±
0.58
0.58
0.58
0.58
0.57 ±
0.53
0.50
0.51
0.56

.01

.01

.01

.01



2-9

2.6 Measurement of Source Strip Voltages Needed for the Neutrino-Mass
Experiment

D.W. Hetherington, K. Wheeler, R.L. Graham and J.S. Geiger with
M. Montaigne, J. Scott-Thomas and M.A. Lone (Neutron and Solid State
Physics Branch)

The source for the neutrino-mass experiment (PR-P-141:2.2; AECL-8849) has 80
1-mm strips covering a ± 5 cm region of the source plane; the latter is
tilted at Xi=~20° with respect to the radius vector from the beta
spectrometer axis. Strips positioned inside or outside the optic circle
must have an accelerating or decelerating correcting voltage applied so that
electrons of a particular energy are focussed at the same point on the
detector plane as those from the central element. These voltages have been
calculated with a second-order electron-optical formula (G.E. Lee-Whiting,
private communication).

Measurements have been carried out with a system of four high-voltage power
supplies that was constructed to provide the required correcting source
voltages. This system is in place and has operated without difficulty. The
correcting voltages required for 71, 53 and 34 keV electrons have been
measured (lower energy electrons were not used because the window on the
detector was too thick (PR-P-141: 2.5 ;AECL-8849)). The results are shown
in Table 2.6.1 together with the calculated values. Two conclusions can be
drawn. The gradient of the correcting voltage is linear to within 1 volt
for sources in the region -5. < X < 5. The measured voltages agree with the
calculated voltages within the ± 2 V uncertainty for X < 0 but are lower (in
magnitude) by a constant factor of 0.976 for X > 0. Not shown in the table
is the fact that the positions of the lines from a source on the optic
circle shift when the voltages are applied to the other source strips. This
occurs in spite of the fact that the source is held at zero potential. This
is presumed to be caused by electrostatic bending of the electron orbits
while they are in the vicinity of the other source strips.

Accelerating and

Source
Position
X(cm)
(cm)
+9.
+7.
+5.
+3.
+1.
0.

-1.
-3.
-5.
-7.
-9.

71

Measured
Volts

-1535
-928
-307
0

+313
+936
+1568

Decelerating
Distances

keV

Calculated
Volts

-1572
-943
-314
0

+314
+940
+1566

Table 2.6.
Voltages

1
for Sources

from the Optic Circle

53

Measured
Volts

-2086
-1627
-1161
-701
-230
0

+233
+708
+1182
+1657
+2137

keV

Calculated
Volts

-2145
-1667
-1190
-713
-237
0

+237
+711
+1184
+1656
+2126

at Various Radial

34 keV

Measured
Volts

-746

0

+777

Calculated
Volts

-781
-468
-156
0

+156
.+466
+777

Note: Measured voltages are accurate to ± 2V.
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2.7 Degaussing System for the ir/2 3 Spectrometer

R.L. Graham, J.S. Geiger, D. Hetherington, L.V. Smith and G. Audi

When operating at midplane fields of > 3.4 Tesla, the superconducting cyclo-
tron yoke saturates and contributes a small but readily observable magnetic
field at the r/2 3 spectrometer some 95 m away. At full cyclotron field of
5.05 Tesla the stray field is given by B=0.192xR~3 Tesla (J.H. Ormrod, pri-
vate communication), where R is the horizontal distance in metres. On May
16, when operating at 4.6 Tesla we observed a stray field of 0.2 uT. The
magnetic field needed to focus tritium 8 rays is in the order of 400 uT.
The stray magnetic field from the cyclotron represents a serious
disturbance. Our original degaussing system was designed to cancel the
earth's magnetic field to < 0.01 T (R.L. Graham and J.S. Geiger, Can. J.
Phys. 39_ (1961)1357).

In order to compensate for the cyclotron stray magnetic field, the
degaussing system for the vertical component of the earth's magnetic field
has been modified. As a first step we have borrowed a Bell 620 Gaussmeter
from TASCC operations and mounted its Hall probe on the wall of room 119,
building 137 at 7.7 m from the cyclotron axis. In the worst case (cyclotron
mid plane field B=5.05 T) the Hall probe should sense a scray field of about
0.42 mT. The signal from the gaussraeter is sent to the g spectrometer
building by coaxial cable and is monitored on a chart recorder. The exact
degree of compensation needed will be established during the next operation
of the cyclotron magnet at high magnetic field.

6 3
2.8 Search for Heavy Neutrinos in the Beta Spectrum of Ni

D.W. Hetherington, R.L. Graham, G. Audi, J.L. Gallant and P. Dmytrenko

In a study of the low-energy end of the tritium beta spectrum, J.J. Simpson
(Phys. Rev. Lett. 54_ (1985)1891) found evidence for emission of a heavy
neutrino of mass 17.1 keV and mixing probability of 3%. This suggestion has
created considerable interest (M.J. Dugan et al., Phys. Rev. Lett. 5^
(1985)2302 and S.L. Glashow et al., Phys. Rev. Lett. j>4 (1985)2306). If
true, it would have a profound impact in the field of neutrinos and weak
interactions. Following a suggestion by J.J. Simpson, we have decided to
seek further evidence for such a neutrino by making a precise measurement of
the shape of the beta spectrum of Ni (endpoint energy of 66 keV). The
17 keV neutrino should introduce a kink in the Kurie plot at 49 keV. A
preliminary estimate shows that with a source of about 100 MBq (3 mCi), we
would collect enough data in a few days to confirm the existence of such a
neutrino.

Since such a measurement does not require the high resolution needed for the
tritium neutrino-mass experiment, the strips of a multi-element source can
be wider and hence the construction of the source is much simpler. An array
of 19 source strips, each 4 mm wide, has been designed and is under
construction. The array will be formed by evaporating 10 ug/cm strips of
aluminum onto a piece of plexiglass. The Ni will then be deposited onto
the aluminum. A chamber for evaporating the Ni is under construction.
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The source is designed to mount on the existing test source holder
(PR-P-136:2.15; AECL-7982) and to be connected to the existing resistor
chain to provide a voltage gradient for the 19 strips.

Because of the simplicity of the source construction and the fact that
sufficient data should be obtainable in a week or so, we anticipate that
this measurement should be completed before the first tritium source is
available and therefore will not interfere with the progress of the tritium
measurement. Furthermore, it will provide a valuable testing ground for the
beta spectrometer, the data acquisition system and the data analysis
procedure.

2.9 Proton Width of the 9.171 MeV Level in

T.K. Alexander with H.C. Evans, J.R. Leslie, W. McLatchie, H.-B. 1-Iak,
and L.J.M. Ouellet (Queen's University)

The proton width and the total width of the 9.171 MeV (J7I=2+, T=l) level
in l N has been measured recently by W. Biesiot and Ph. B. Smith (Phys.
Rev. C24 (1981) 2443) with elastic scattering and resonance absorption
techniques. Their results, T = 135 ± 11 eV and Yp = 127 ± 8 eV, are a
factor of two larger than the earlier value, T = 77 ± 1 2 eV, published by
S.S. Hanna and L. Meyer-Schutzmeister (Phys. Rev. 115 (1959) 986). In our
measurement of the B(E2) strength of this resonance to the 2.313 MeV
(^=0+, T=l) level, we obtained the value ryrp/r = (u.071 ± 0.007)
eV. Since the total y-ray width is B 8 eV, it is necessary to determine the
total width of this resonance to better than a factor of two in order to
deduce an accurate b(E2) value for the analogue E2 transition. Hence it was
essential to repeat the measurement of T_ in order to resolve the
discrepancies between the two earlier measurements.

The proton width of the 9.171 MeV level was measured with the elastic
scattering C(p,p) C reaction near the E p = 1.747 MeV resonance. The
cryogenic differentially-pumped gas target svstem at Queen's University was
used (PR-P-139: 2.4; AECL-8554). Enriched CO (99.8% atomic concentration)
mixed with ~ 3% Xe formed the target gas. The relative concentration of

C/Xe was measured by a-elastic scattering at 1 MeV. The elastically
scattered protons were detected by four surface-barrier detectors at 9^15
= 85.3°, 112.3°, 137.8° and 154.5°. Since the total width of the resonance
is much smaller than the accelerator beam energy resolution, the
instrumental energy resolution was deduced from the (p,y) yield curve
obtained simultaneously by a 7.5 cm thick by 7.5 cm diameter Nal(TJi)
detector at 9=90°. The excitation functions for the reaction 13C(p,p)13C
show strong anomalies. Analysis of the data with the R-matrix formalism is
in progress and calculations with the following set of parameters for the
resonance:

Tp (*=1) = 98 ± 10 eV, rp( Jt=3> = 40.9 ± 1.9 eV and ry = 8 ± 4 eV

give good fits to the data at all angles studied. The background is
adjusted by changing the hard-sphere phase shifts. The present result,
Tp=139 ± 10 eV, agrees with the result of Biesiot and Smith.
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2.10 Parity Mixing of 0± States in iBF

H.C. Evans, G.T. Ewan, S.-P. Kwan, J.R. Leslie, J.D. MacArthur,
H.-B. Mak, W. McLatchie, S.A. Page, P. Skensved and S.-S. Wang
(Queen's University) with A.B. McDonald (Princeton University),
C.A. Barnes (Cal. Tech.), T.K.. Alexander (CRNL), and E.T.H. Clifford
(TKIUMF)

Parity nonconservation (PNC) in nuclear systems can be attributed to the
AS=0 hadronic component of the weak interaction. Nuclear PNC effects at low
energy are described in terms of a 2-body potential which results from an
effective meson-exchange interaction between nucléons in which one vertex is
weak and the other strong. Exchanges of ir,p,uj mesons describe AI=0,l,2
components of ths interaction; accordingly, 6 amplitudes for weak M-N-N
couplings are required to specify the PNC N-N interaction at low energy:

,0 ,0 ,1 ,1 .1 ,2
h , h , f , h , h , h
TT 0) IT p OJ p

These amplitudes can be derived from the standard electroweak theory
(Weinberg-Salam) within a quark-model description of the nucléons and
mesons. A few special cases exist in which nuclear structure amplifies
otherwise tiny PNC effects and the nuclear wavefunctions are reasonably well
known. One such case is the parity-mixed doublet at ~ 1 MeV in F.

In first-order perturbation theory, the states at Ex=1042 keV and 1081 keV
in F are expressed as:

1081> = |0~,0> + e|0+,l>; |l042> = J0+,l> -

where e = <0 ,1 ¥ ™ ( 0 ,0>/OE

The interference of El and Ml transition amplitudes for decay to the 1+

ground state leads to a net circular polarization of y-rays from these
states, given by:

PU042) = 2e/R; P(1081) = -2eK, where R = |<O+»M1 »l+>/<0~ IIE1

The ratio of matrix elements R = 109 ± 1 2 , is deduced from the measured
lifetimes of the two states (E.G. Adelberger et al., Phys. Kev. C27, 6
(1983) 2833 and references therein). Thus, P(1081) is strongly enhanced
whereas the suppression of P(1042) provides a sensitive test of possible
systematic effects. The PNC matrix element in this case is dominated by the
long range pion-exchange contribution; thus, |p(1081)| = (13.2 ± 1.5 keV~ )

f1|<M> , where the matrix element <M> = <0+,l V 0",0> is deduced from a
1 Q 1 O

measurement of the forbidden ß-decay): Ne(g.s.)->- F(1081). With experi-
mental values, P(1081) (4.33 ± 0.87) x 10 f

TI

An experiment (see PR-P-139: 2.7; AECL-8554) to measure P(1081) has been
performed at Queen's University. The F was produced in the reaction

0(3He,p)lbF with a 4.05 MeV beam impinging on a ~ 1.0 mg/cm2 Ti foil
entrance window (AE » 0.5 MeV) and a recirculating water target. The y~ray
detection system consists of 4 magnetic transmission polarimeters (at 90°)
of perraendur alloy 7.2 cm in length with circular polarization sensitivity
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n = 0.0166 ± 0.0006 at 1081 keV, each backed b> a 150 cm3 intrinsic Gv
detector. Beam currents of 10-15 pA on target correspond to detector count
rates of 60-70 k/s for E(y)>100 keV. For the Queen's apparatus the 8-fold
ratio:

B, = (U(-,0)D(-,0)L(-,1)R(-,1))/(U(+,1)D(+,1)U+,0)R(+,0)

determines the circular polarization of y-rays at energy E by:
P(E)n(E) = (l-C1/4)/(l+51/4) ; for small n, Pn " (1-O/8. Here U(-,0) is
the number of y rays detected ia detector U in field status U, corresponding
to electron spins antiparallel to the y-ray propagation direction.

Gamma-ray events in the energy range * 800-1400 keV were routed into 3 ADCs ,
amplifier pulses being routed into Ik subspectra of each 8k spectrum
according to the detector identity and magnetic field status. The polari-
meter fields were reversed every ~ 10 s, and data were recorded on magnetic
tape every « 800 s for 2560 h. All spectra were added together, with gain
shift corrections, to produce an 8k 'master' spectrum, 800 channels of which
is displayed in fig. 2.10.1. The five y-ray lines are all from decays of
states in F. Superposed on this figure is Pn for the background regions
and for peak regions which have been corrected using adjacent background
regions of the spectrum. The results are summarized in Table 2.10.1. (All
uncertainties represent one standard deviation in the experimental values.)

Table 2.10.1
Gamma-ray asymmetries in F

Transition E (keV) (l-U/8 x 10b

937+g.s.
2101+1081
1042+g.s.
1081+g.s.
2101+937

937
1019
1042
1081

1164

0.63
-1.07
-0.89
0.27

-0.11

± 0.65
± 2.14
±0.88
± 0.93
±1.64

P(1081) (1.6 ± 5.6) x 10"4

Analysis of over 34,000 spectra yields values of the 8-fold ratio with a
distribution width within 1% of that calculated from the expected counting
statistical fluctuations of each run. Auxiliary experiments and internal
checks indicate that systematic uncertainties, due to beam intensity fluctu-
ations and beam steering effects, are an order of magnitude smaller than the
statistical uncertainties.

From the data, a value of the weak pion nucleon-nucleon coupling constant

f1 is deduced to be If1! = O.37*1* x 10~ . This value is significantly
TT 1 ^ 1 U • J /

lower than the "best" value of B. Desplanques et al. (Ann. Phys. 124 (1980)
449) and at the lower end of their reasonable range. The above value of f
is not consistent with that deduced from the Ne and F PNC experiments
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(K. Elsener et al., Phys. Rev. Lett. 52 (1984) 1476 and E.D. Earle et a
8
98
8FNucl.^Phys. A396 (1983) 221). Unlike the 8F case, the PNC effects in

.^
and Ne depend on both isoscalar and isovector coupling terms so the
discrepancy may arise from the lack of experimental constraint on the
necessary shell-model calculations used in the deduction of the isoscalar
part in F and on both parts in ^ e . It is hoped that the present work
together with other similar experiments in progress will stimulate further
theoretical calculations needed to understand the role of the fundamental
weak interaction in nuclei.
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peak and background regions.
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2.1L Lifetimes of Levels in Ti

G.C. Ball, T.K. Alexander and D. Horn with J.S. Forster and
I.V. Mitchell (Solid State Science Branch)

A preliminary analysis of the neutron-y-ray coincidence data from the
3He('*0Ca,n)L|2Ti reaction (see PR-P-132: 2.6; AECL-7605) has been carried
out. A lifetime of 0.8 ± 0.2 ps was deduced for the first excited 2 + level
at 1.555 MeV. The value, which is consistent with previous data (Nucl.
Phys. A310 (1978)1), was determined from 0° lineshape analysis and from a
centroid shift analysis of data taken at 0°, 60° and 135°. The present
result does not include a correction factor for possible indirect feeding of
the 2 + level from the long-lived 1.854 HeV 0 + level. Improvements to the
experimental apparatus are required Co obtain the accuracy needed to make a
meaningful comparison of the E2 transition probabilities for levels in "Ti
with those for analogue transitions in Sc and Ca.

2.12 Analysis of Intermediate-Mass Fragments from the Reaction of 35 MeV/A

N on Ag

R. Bougault and D. Horn

Previous analysis developments on this experiment have been described in
PR-P-140: 2.14; AECL-8648 and references therein. The physical quantities
available in the analysis are the identity and the energy of the fragment,
F, detected at a fixed angle and the direction of a coincident heavy recoil
fragment, R, emitted on the other side of the beam. Unambiguous recoil
velocities could not be obtained for R in the absence of a true "time zero"
for that detector. Therefore the analysis was conducted in terms of
fragment energy versus laboratory angle of R. These spectra show clearly
that the momentum vectors of F and R do not correspond to a pure two-body
mechanism. A non-parallel missing momentum is present which could be
explained by a three-body reaction, by correlated light-particle
deexcitation channels, or by a sequential decay of F. In order to make our
conclusions more quantitative a function minimization and error analysis
program (MINUIT from CERN), which will allow us to fit the energy spectra of
the fragments in terms of moving source parameterization, has been adapted
to the CRNL computer system. The results of this fitting procedure should
give us temperature and velocity information about the source of these
fragments and will permit a comparison with the "singles" data analysis
performed at M.S.U.

2.13 Gamma-Ray Continuum and Lifetime Measurements in Dy

D.C. Radford with I. Ahmad, H. Helppi, R. Holzmann, R.V.F. Janssens,
and T.L. Khoo (Argonne National Laboratory), M.W. Drigent and
M. Quaddr (University of Notre Dame), Z. Grabowski and W. Trazaska
(Perdue University)

Experiments done at Argonne National Laboratory (ANL) on the gamma-ray
quasi-continuum from high-spin states in Ho (D.C. Radford et al., to be
published) have shown that the yrast states are fed through single-particle
transitions with a lifetime long compared to that of the so-called
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"E2-Hump". These feeding transitions, which are mostly dipole in character,
appear in the spectrum as a large number of very weak peaks, unplaced in the
level scheme. However, the smooth continuum underlying these peaks also
contains dipole transitions, and the relative lifetime of this dipole
continuum, compared to the E2-bump, has not yet been determined.

We have recently performed an experiment at ANL to measure the total gamma-
ray spectrum from the Ge( Se, 4n) Dy reaction. The gamma-rays were
detected in four Compton-suppressed Ge detectors, positioned at 0°, 45°, yo°
and 147° to the beam axis. Two different targets were used, one on a thick
gold backing and the other unbacked. The large initial recoil velocity of
the residual Dy nuclei (~0.06c) should enable quite accurate extraction
of the lifetimes (or limits on the lifetimes) for the various components of
the total gamma-ray spectrum, from their observed Doppler shifts.

2.14 Proposed Subthreshold Pion Experiment

L. Potvin (McMaster University), 0. Horn and R. Bougault

One of the challenging topics in recent years in heavy-ion nuclear physics
is the production of pions at an energy much lower than the threshold for
nucleon-nucleon pion production. Recent data, although fragmentary, clearly
show that the mechanism must be of a collective nature. A model based on a
phase-space-density idea of Enrico Fermi has been developed. It enables us
to predict the size and number of fragments emitted in coincidence with a
pion for any given beam energy. For example in the case of C on C at 25
MeV/u, 80% of the events associated with pion production should be of the
type IT"*" plus light ion plus heavy fragment, but at 30 MeV/u such events
would account for only 15% of the pion production with the most abundant
expected final state being composed of 4 or 5 particles. If such final
states are typical, a coincidence measurement should be attempted which
would exclusively determine the dynamics of the reaction.

Based on our calculated results, we propose an experiment in which an array
for 7r+ and light-ion detection is combined with a heavy-ion detector on the
opposite side of the beam. The CRNL Phoswich Array (PR-P-141; AECL-8849,
2.17) is well suited for TI+ and light-ion detection. For heavy-ion coin-
cidence, we need a detector with large solid angle, heavy-ion identification
capability, fast light-ion rejection, and the ability to function at a
scattering angle close to the beam direction. The prototype module of the
proposed Phase II multiparticle facility should meet these requirements.
Such a module would be composed of a Bragg-curve spectrometer for heavy-ion
energy and identification with a phoswich detector at the back for
light ions. The construction of a working prototype is underway (see
PR-P-141; AECL-8849, 2.18 for details). The first trial would use these
detectors in a tandem Van de Graaff experiment on the C + C system
performed at a center-of-mass energy equal to that of the subsequent
cyclotron experiment minus the pion mass.
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2.15 Design for a New Recoil-Distance Plunger

D.C. Radford and N. Bray

A new target chamber for the measurement of nuclear level lifetimes using
the recoil-distance ("plunger") method has been designed. This chamber will
be microprocessor controlled, and will utilize three linear actuators for
controlling the relative position and alignment of the target and the
stopper. The actuators, to be purchased from Newport Corporation, have a
maximum travel of one inch and a position resolution of U.I pm.

The stretched target and stopper foils will be mounted on six invar rods,
three for the target and three for the stopper. The three rods holding the
stopper will be positioned by the actuators. The outside diameter of the
chamber will be such that it can be used inside the 8w spectrometer as well
as for other Nuclear Physics Branch experiments.

2.16 Multiparticle Facility

D. Horn, G.C. Ball, R. Bougault, E. Hagberg, V.T. Koslowsky,
M.G. Steer and D. Ward with M.A. Lone, G. Tapp, J.G.V. Taylor and
R.J. Toone (Neutron & Solid State Physics Branch), J.S. Forster (Solid
State Science Branch) and L. Potvin (McMaster University)

Host of the working groups involved in design studies for a Phase II
reaction mechanism facility (see PR-P-140:2.16; AECL-8648) have reported.

Large scattering chamber

Manufacturers have been contacted to determine whether they have the
capacity to construct a > 3 m-diameter vacuum vessel, and additional
inquiries are in progress. CRNL shops can roll a cylindrical wall of up to
2.7 m diameter, but they recommend buying flanges and dished ends from
outside suppliers. A vessel of this size would have to be checked by our
quality assurance people and must conform to certain engineering safety
codes. A trip to examine the large (up to 10 m x 7 m diameter) high-vacuum
vessels used in space simulation tests of satellites acquainted the "chamber
group" with the state of the art in that field.

Geometry

The "dead" solid angle, i.e. that blocked by flanges, window frames, support
wires, etc., has been calculated for a detector array fronted by 72 Bragg-
curve spectrometers, each having a steel window frame and fiberglass walls.
With present construction techniques 15% of An steradians would be
unuseable. The angles and dimensions needed to construct a 72-module
detector array with 12 regular pentagonal faces and 60 irregular hexagonal
faces have been calculated with the dual requirements of equal solid angle
for all faces and small perimeter-to-area ratios for the hexagonal faces.

Bragg-curve detector modules

A prototype, packable pentagonal Bragg-curve detector module is being con-
structed in the counter section of NSSP branch. It has fiberglass walls,
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steel window frames and support straps, and a tested, one-atmosphere
window. A steel shell has also been constructed for tests.

Phoswich detector modules

The characteristic thicknesses of various detector elements have been
defined and the anticipated resolutions in E, AE, and time have been calcu-
lated. A module is under construction and will be mated to a Bragg-curve
detector to form a packable array element. See PR-P-141:2.18; AECL-8849 for
details.

Electronics

The most complex electronics question appears to concern the digitization of
Bragg-curve signals. There are three options currently available: FASTBUS
image chamber analyzers, flash encoders, or commercial CAMAC waveform
digitizers. A recently introduced CAMAC module from LeCroy offers quad den-
sity, an effective 10 bits, and 50 MHz digitizing rate. It would appear
suitable for our purpose.

Rates

A Monte Carlo program written for the 8ir Spectrometer design study has been
adapted to model high-multiplicity events in the light-ion array. The pro-
gram was used to determine the amount of subdivision required on each of the
72 faces to avoid "multiple hits" in one detector. Results show that for
"typical" reactions with 50 MeV/u beams, adequate performance at back angles
is obtainable without further subdivision; at forward angles each 1/72 of a
sphere must be further divided into 3-6 segments.

We can, on the basis of these interim reports, conclude that the proposed
detector configuration (see PR-P-140: 2.16; AECL-8648) is the best choice
for a Phase II multipartlcle array.

2.17 Forward-Angle Detector Array for Light Ions

R. Bougault, U. Horn, L. Potvin (McMaster University), M.G. Steer,
G. Audi, E. Hagberg and G.C. Ball

For the design details of this detector, see PR-P-140: 2.17; AECL-8648 and
references therein. Thirty-six modules had been delivered to us by the end
of May. They had all been modified to provide good optical interfaces and
their voltage dividers had been modified to reduce heating at high counting
rates. The optical interfaces of each module have been visually inspected
and a high voltage has been applied to each voltage divider to check for
breakdown and obtain the quiescent current readings. Of the 36 detectors,
one is awaiting electronic repair and another has been returned to the manu-
facturer for mechanical repair. The honeycomb part of the detector support
has been completed; a temporary base has been made in our shop to allow
mounting of the detector array in the 1.75 ra vacuum chamber for a test with
a tandem beam. A preliminary test with an electron source reveals that 32
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of the 34 modules installed are working properly in the chamber vacuum.
Temperature stability tests have been performed and show that for long runs
this device should ideally have a pulsed reference system. The reference
source could be a pulsed laser output appropriately fanned out to each of
the modules. Investigations into this possibility are in progress.

2.18 Working prototype for the Proposed Phase 11 Multiparticle Facility

L. Potvin (McMaster University), D. Horn, N. Ranger and M.G. Steer
with R.J. Toone (NSSP Branch)

The construction of a working prototype of a module of the proposed Phase II
multiparticle facility (see PR-P-140: 2.16; AECL-8648 for the principle of
operation) is well underway. We have made and assembled the entire rear
component of the module, that is: a light guide made of lucite, a 7.6 cm-
thick slow scintillator of BC-444 shaped like a tapered pentagon to facili-
tate 4TT packing, and a 1.5 mm-thick fast scintillator of BC-400. The opti-
cal joints among these three components have been made with optical epoxy
BC-600. The front face of the AE detector has been metalized to provide the
anode plane for the Bragg-curve part of the module, and the rest of the
assembly has been coated with optical epoxy loaded to 50% by weight with
TiC>2 diffuser powder. On top of that a Frisch grid frame made from one
slice of a 1-mm thick glass-cloth/epoxy-resin shell (PR-P-140: 3.42;
AECL-8648) has been glued and a Frisch grid made of .08-mm gold-plated tung-
sten wire (1/2-mm spacing) has been mounted. The anode and Frisch grid are
connected to small wires, embedded in the epoxy coating, by means of silver-
print paint. Also two 3.2-mm diameter holes have been bored through the
AE-E assembly to accommodate "gas-in" and "gas-out" lines for the Bragg-
curve spectrometer part of the module.

In addition, we also have ready for assembly a cathode made of ~ 75 ng/cm
metalized polypropylene stretched film mounted on a glass-cloth/epoxy-resin
frame and a composite shell made of two 1-mm thick, glass-cloth/epoxy-resin
shells with a 0.013-mm-thick metalized mylar window glued at the front.
Also ready is a set of field-shaping electrodes etched on Kapton, and the
metal harness necessary to support the front window and tie it to a metal
ring around the light guide at the back of the module.

We are currently setting up pressure tests of the front window and composite
shell, and if these are successful we shall begin the final assembly of the
entire module.

2.19 8TT Spectrometer

D. Ward, H.R. Andrews, N.C. Bray, D. Radford, L.V. Smith and
W. Mellors (Mechanical Equipment Development Branch), J. Morralee,

E. Haines (Design and Technical Services Branch), P. Taras,
J.-P. Martin, M. Beaulieu (Universite de Montreal) and J.C. Waddington
(McMaster University)

HPGe Detectors

A total of 18 of the 20 detectors ordered has been delivered (9 are
presently at CRNL).
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Compton Suppressor Systems

The 2 prototype axial suppressors have been evaluated and found acceptable.
The remaining 18 have been ordered and delivery is expected at the rate of 2
per month beginning 85 Aug. Of the 3 prototype BGO catchers (situated
behind the HPGe detectors), one was sent back to the manufacturers as
unacceptable. The remaining 18 have been ordered and delivery is expected
at the rate of 1 per month beginning 85 June 15, and 2 per month beginning
85 Oct 15. The entrance shield is being designed and quotations for proto-
types will be issued before 85 Aug 01.

BGO Core Elements

Production-prototype hexagon and pentagon detectors have been under inten-
sive testing and a number of small design changes have been made. For
example it has now been decided to manufacture the encapsulation shells at
CRNL. The placing of the main orders is pending final approval by AECL
management.

Electronics

About 60% of the core electronics and 80% of the array electronics have been

delivered.

Mechanical Structure

The design phase has been completed. An extensive mock-up of the 72-element

BGO core has been manufactured and assembled. Prototypes of various

components have been manufactured or are in progress.

2.20 Fabrication of Hexagonal Encapsulation Shells for BGO Detectors in the

8ir Spectrometer

N. Bray, T. Sprake, V.T. Koslowsky and U. Ward

The BGO core of the 8ir spectrometer comprises 60 hexagonal and 12 pentagonal
shaped detectors which together form a spherical shell of material. The
elements of the shell are designed to fit with a gap of 0.010" between
adjacent faces. To accommodate dimensional imperfections in the elements,
the sphere can be assembled at a radius greater than the design value;
however, the increased gaps introduced between elements would have a
detrimental effect on the performance of the instrument. It would make the
total energy and y-ray multiplicity resolution poorer, and increase the
distance from the target to the HPGe array. The encapsulation shells of the
elements are the most crucial components in achieving the design precision.

The prototype shells were fabricated by a technique known as hydroforming
and were the responsibility of the crystal manufacturer. This technique has
been used successfully in construction of the ORNL spin spectrometer and the
Heidelburg crystal ball. However, in our case, for reasons unclear, the
accuracy achieved was far inferior to the design value. This could be
demonstrated by inserting the detectors into a precision epoxy mold of a
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standard cast-iron element, which was known to be exact to within 0.005".
We have therefore instituted a development program in collaboration with MED
branch and the sheet-metal shop to fabricate the shells at CRNL. They are
being made by folding and welding sheet aluminum . Initial results were
very encouraging and 60 shells have now been completed. As determined in
the mold, the shells have a precision of better than 0.005" in all
directions and will allow assembly of the sphere at the design radius.

2.21 Feasibility of the Determination of Precise Atomic Masses for Nuclides
far from Beta-Stability

H. Schmeing, J.S. Guo, E. Hagberg and J.C. Hardy with K.S. Sharma,
R.C. Barber, H.E. Duckworth, R.J. Ellis, G.R. Dyck and G.A. Lander
(University of Manitoba)

A paper with this title has been submitted to the Journal of the Geological.
Society of India, as a contribution to an issue devoted to the memory of
V.S. Venkatasubramanian (a long-term collaborator of the U of M group). The
paper describes the current version of the proposed Manitoba-Chalk River
on-line mass spectrometer.

A "major installation grant application" to fund this high resolution mass
spectrometer (see PR-P-138: 2.21; AECL-8267) was first submitted to NSERC on
Oct 1, 1983, and again - in an upgraded version - on Oct 1, 1984. Both
applications were rejected by NSERC, for lack of funds, in spite of very
positive response from NSERC's scientific evaluation committee and the
Physics community in general. We have been encouraged to resubmit the
proposal. Substantial progress has been made recently in evaluating the
performance characteristics of the proposed instrument and in clarifying
technical details. Consequently, the application to be submitted Oct 1,
1985 will be markedly enlarged. Details of the new calculations are
reported in 2.22.

2.22 Calculations Relating to the Isotope Separator and On-line Mass

Spectrometer

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

Extensive calculations have lead to a better understanding of the optical
performance characteristics to be expected from the proposed Manitoba-Chalk
River on-line mass spectrometer (see PR-P-138: 2.21; AECL-8267), as well as
of the physical requirements that must be met in order to achieve a
high-resolution instrument.

The computer code SUPERFISH was used to evaluate the spectrometer magnet in
detail. It was shown that it is feasible to build a window-frame magnet and
equip it with simple corrective co^-ls such that the deviation from a desired
field value is less than 1 x 10 for a height as great as half of the
magnet gap. The same program has also been used to evaluate the original
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electrostatic analyzer (ESA) of this instrument, as designed by Matsuda.
This analysis inspired the design of a new type of cylindrical ESA. It is
equipped with a system of fringe field terminating rails instead of the
conventional Matsudr. plates. This results in a reduction of the height of
the ESA (and its vacuum chamber) by a factor of two. Over 80% of the height
of the new ESA the deviation from a given desired field value is less than 1
x lO"4

It has also been shown that cylindrical ESAs can be equipped with corrective
rails such that toroidal fields are produced with similarly stringent
characteristics. This approach has the advantage that

1. toroidal fields can be employed without the actual machining of any
toroidal surfaces, and

2. a device of given geometrical dimensions can be employed to create a
toroidal field with varying radii.

It appears that the field accuracy • • . . . ,
achieved with these devices is limited
by computational restrictions rather
than by machining tolerances.

Third-order calculations of ion tragec- I O h \ "*
tories have been made possible by the
implementation of the TRIO code on the i \
CRNL CDC computer (PR-P-140: 2.23; AECL- \
8 6 4 8 ) . We have written a Monte-Carlo
program which uses TRIO in order to cal-
culate the best performances of any mass
spectrometer with respect to resolution,
transmission and accuracy in the mass-
measurement of exotic nuclei. The
emittance of the beam ahead of the
entrance slit, as well as the efficiency •-
in sweeping the beam on the detector
slit, have been taken into account in
these calculations. io'
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Results have been obtained for the pro-
posed Manitoba-Chalk River on-line mass
spectrometer. Figure 2.22.1 shows the
relation between transmission and
resolving power of the spectrometer. We
will next evaluate if improvements are to
be expected from changing the cylindrical
electrostatic sector to a toroidal one.
Other geometries may also be studied.

"\0*~ 10s

RESOLVING POWER

Figure 2.22.1

Fraction of the ISOL beam
transmitted through the mass-
spectroineter as a function of
the spectrometer resolving
power (M/AM, AM at 10%) at
its image plane.
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2.23 Direct Mass Measurements with the CRNL Isotope Separator

E. Hagberg, H. Schraeing, J.C. Hardy, V.T. Koslowsky and F.J. Sharp

with K.S. Sharraa and R.C. Barber (University of Manitoba) and R. Roiha

(Mathematics and Computation Branch)

Development work has begun on an acquisition and equipment-control system
that will permit direct mass measurements to be done with the ISOL alone
under control of the Perkin-Elmer computer. The computer interfaces
required to remotely control the ISOL have been specified. A satisfactory
solution can be achieved with five plug-in CAMAC modules. These will be
housed in a CAMAC crate on the Perkin-Elmer serial highway and located next
to the ISOL control console. Quotations have been received for the
necessary equipment. The costs will be shared between CRNL and the
University of Manitoba.

The software specifications for a package that will control the ISOL and
acquire the data have been settled upon. The acquisition part of the
software will be based on our current ORNL acquisition system with some
moderate changes and additions. The control part of the software will be
developed in its entirety at CRNL. Software writing has just begun.

In addition to on-line running and control with the Perkin-Elmer computer
the system will also be capable of controlling off-line ISOL stability tests
and monitoring experiments with stable beam via a local IBM personal
computer interfaced to the CAMAC crate through an auxiliary crate
controller. The IBM PC, the crate and the crate controller have already
been ordered by the University of Manitoba and delivered for initial trials
in Winnipeg.

2.24 Commissioning the ISOL High Voltage Stabilization System

V.T. Koslowsky, H. Schmeing and J.S. Wills

Commissioning of the 0-70kV extraction supply of the on-line isotope
separator has not been straightforward and is not yet complete. The
limitation appears to lie within the filtered, but unstabillzed, primary
supply of high voltage (HV). This problem will be examined after some
preliminary ion-source tests have been completed.

The commissioning process has led to an improved understanding of the HV
stabilization circuit and its limitations. The capacitively and inductively
filtered supply provides to the stabilization system HV that has a 3-phase
full-wave rectified ripple component at the 40 ppm level, superimposed on a
60 Hz ripple component of 125 ppm. This was measured at 40 kV with a load
current of about 4 mA. The source of the 60 Hz ripple is not apparent.
Tests show that it is not due to an unbalanced 3 phase 208-volt primary.
Furthermore, tests performed with the HV supply fed from a 3-phase 508 V
supply, known from past experiences to be a pristine source of power, did
not show any reduction in the 60 Hz ripple.

After some modifications to the feed-back in the stabilization system, the
ripple could be attenuated by, at most, a factor of 15 to 7.5 ppm. Any



2-24

further attenuation is limited primarily by the transfer-characteristics of
the high-frequency ferrite-core isolation transformer that provides the
communication link between control-signals generated at ground potential and
the HV triode vacuum tube, the active stabilization element, situated at
high voltage.

The ferrite-core transformer has a non-linear amplitude response and
significantly alters the phase of the control-signal as a function of signal
amplitude. It also limits the useful frequency response of the feedback
system to less than 5 kHz.

All observations so far described were made without the use of a protective,
current-limiting diode vacuum tube in the HV stabilization system.
Introduction of this device introduces an additional 60 Hz ripple of 550 pprn
to the unstabilized voltage. This is attenuated to 38 ppm by the
stabilization system and is, at the moment, the dominant ripple component.
Improvements will be investigated after the separator ion-sources have been
commissioned.

2.25 A Tracking High-voltage Stabilization System for ISOL

V.T. Koslowsky and J.S. Wills

Atomic mass-measurements with ISOL require that the accelerating voltage be
altered with time in order to peak-match a beam of unknown mass to one with
a well-known mass. In practice this is not accomplished by adjusting the
primary voltage of the high-voltage supply, but rather by creating a voltage
drop across a triode vacuum tube which is in series with the accelerating
electrode. This mode of operation has two drawbacks. First, the tube can
only accommodate a change in voltage of 4 kV, consequently limiting the
measurements to doublets which are separated in mass by 10% or less (for a
40 kV accelerating potential).

Second, non-linearity of the triode control system causes the AC ripple
component of the high voltage to vary by a factor of 5 depending on the
operating point of the tube. Consequently a peak-matching experiment would
not be performed under identical conditions as it ideally should be. To
eliminate these drawbacks we have designed a servo system which adjusts the
primary voltage of the supply in order to maintain a constant voltage drop
across the tube to within ± 200 volts, a narrow enough range that the triode
control is effectively linear. A prototype has been built and tested. The
circuit-board design of this control system is presently underway.

2.26 First on-line Test of the ISOL Gas Transport System

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

On-line use of the separator, until completion of Phase II of TASCC, relies
on the efficient transportation of radioactivity from a remote target
chamber to the isotope separator ion source. This task will be accomplished
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with a He-jet gas transport system (see Nucl. Instr. Meth. 139 (1976)335)
and the He-jet/skimraer ion source (see PR-P-134: 2.16; AECL-7778).
Commissioning of the large forepumps and two roots-blowers, required to draw
the helium away from the ion source, and the spark arrester (PR-P-131: 2.22;
AECL-7510) has been completed.

The efficiency of the gas transport system without the ion source was
measured during a test run with beam from the tandem accelerator. The
recoil transport efficiency was deduced to be about 5%. This number was
derived by comparing the in-beam yield of Mg(ti/2=n»3. s) from a

C( 0,an) Mg reaction to the yield at a remote counting location
connected to the target chamber by about 11 metres of 1.7-nun-diameter
capillary tubing. Losses for the decay of ,. Mg are insignificant as the
transit time is short when compared to the Mg half-life. Although our
measured yield is acceptable, a higher transport efficiency was expected
based on past experience. This problem will be further investigated. Other
activities produced by the 0 beam and observed at the counting location
were Si and Ai. Arsenic and gallium isotopes were simultaneously
produced by the reaction of 0 on the nickel entrance window of the
He-filled target chamber. Emphasis will now shift towards the commissioning
of the He-jet skimmer ion-source.

2.27 Isotope Separator Recommissioning

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

W.L. Perry and J.S. Wills

The commissioning of the relocated isotope separator is nearly complete.
First beam was produced on April 11. Several milliaraperes of N2 were
extracted, at 40 kV, from a Bernas source and a beam resolving power of
about 1000 was achieved. With this event we reached our goal of having the
instrument recommissioned before the tandem beam became available. However,
substantial effort will still be required to re-establish the previous
outstanding performance characteristics of the instrument. Fine tuning of
the alignment of the coils, the correcting profiles for the magnet, and
further improvements in the electrical parameters will likely be necessary
to match the resolving powers of 20,000 (Febiad) and 16,000 (Bernas)
achieved before the shut down.

During relocation and recommissioning many substantial improvements have
been incorporated. We now have a failsafe vacuum, cooling-water, and power-
failure interlock system. A new high-voltage deck and ion-source power
supplies have been installed. A directly water-cooled extraction electrode
has been incorporated. A fully automated vacuum-jacketed liquid-nitrogen
distribution system now supplies all diffusion pump baffles. A newly
designed experimental chamber replaces the old chamber at the 20° beam
line. Pumping capacity has been added to the helium-jet source array, and
many electrical components have been replaced by simpler, more reliable
components. All these improvements are expected to lead to a significantly
more reliable on-line operation.

The instrument will receive accelerator beam into its target-ion source as

soon as the beam distribution system provided for by Phase II of TASCC is
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installed. Until then it will be operated on-line with a He-jet target at

the TASCC temporary target location and a He-jet source developed for this

purpose two years ago.

2.28 The TRIUMF-ISOL Facility

J.C. Hardy, E. Hagberg and H. Schmeing

A formal proposal has been prepared to install a radioactive beam facility
at TRIUMF. The proposed facility consists of an on-line isotope separator
(ISOL) capable of producing intense mass-separated radioactive beams,
followed by a post-accelerator for raising the energy of the separated ions
to 1.5 MeV per nucleon (A<60).

The scientific case for the facility covers many areas of nuclear physics,
from masses to exotic decays. It also deals with nuclear astrophysics,
condensed-matter studies and medical physics.

The proposal, which has now been submitted to TRIUMF management, contains
contributions from 35 scientists from McGill University, TRIUMF, CRNL and
four other institutions. The cost of the project including building and
services is estimated to be about $16 million (1985 dollars) including
contingency.

2.29 Experimental Control Room

G.C. Ball, E. Hagberg, R.L. Brown, L. Bucholtz, F.J. Sharp and D. Ward

Modifications to the control room required for experimental control station
#1 and for the off-line analysis area have now been completed. Shelving and
tape-storage cupboards were removed from the east wall, all unnecessary
holes in the floor were permanently covered and AC power was installed for
the acquisition console. New furniture was obtained for both areas and four
video-display terminal and two colour-graphics displays were permanently
cabled in.

2.30 TASCC Electronics Pool

E. Hagberg and R.L. Brown

The search for those plug-in electronic modules that were not found during
our recent inventory (see PR-P-140: 2.31; AECL- 8648) has been partially
successful. Seven missing modules have been located and returned to the
pool and now only two modules cannot be accounted for. The search
continues.

Most of our modules have not been used during the three-year-long
accelerator shutdown. Since they do deteriorate with age their functional
state after such a long period was questionable. A program to investigate
the performance of each of the modules was therefore launched prior to the
start up of experiments at the interim target location. About 70% of the
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modules have now been tested. Numerous malfunctions were identified and
these units were repaired either within this branch or in the E.I.&P
Instrument shop. The modules remaining to be tested are largely of the fast
logic type.

2.31 Data Acquisition

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

Final commissioning tests of the new data scanner were carried out with an
experimental test setup involving three Ge(Li) counters to detect y~Y
coincidences from standard sources. The scanner was relocated in Km. 101A
in March. Modifications required to double the available singles memory (to
32K) and to provide the capability to set status bits in the control words
for coincidence data, have also been completed.

2.32 Data Acquisition Programming for the LRS 4805 CAB Microprocessor

D.C. Radford, G.C. Ball and F.J. Sharp

The LeCroy Research Systems (LRS) 4805 CAB (CAMAC Booster) is a fast,
powerful and flexible microprocessor configured as a CAMAC parallel highway
branch driver. It is designed to reside in a CAMAC crate controlled by a
host computer. CAB programs, written in a special assembler-level language,
are downloaded from this host cmputer. Two of these CABs will eventually
be used for data acquisition in the Nuclear Physics Branch, one dedicated to
the 8TT spectrometer system and the other for general applications.

The Nuclear Physics Branch CAB has been installed in a serial highway CAMAC
crate controlled by the Perkin-Elmer. Computer software supplied by LRS
consists of a cross-assembler (written in FORTRAN, and used to compile the
assembler-language programs) and a downloader/debugger/tester (to test the
CAB functions, and download and test programs). These programs have been
modified to run on the Perkin-Elmer, with access to the CAB being through
the serial highway.

A number of different CAB data-acquisition programs have been written and
tested. The CAB can read data from such modules as CAMAC ADCs, TDCs and
sealers, either through its parallel CAMAC highway, or from a LRS 4302
memory. In the latter case the data are written to the memory through an
ECL bus. The data are preprocessed in the CAB and then written to the
Perkin-Elmer, through a CAMAC FIFO memory, in a format compatible with the
Oak Ridge data-acquisition software. Data rates up to 500 kbytes/second
have been achieved.

2.33 Data Acquisition Capabilities for Lifetime Measurements

E. Hagberg, V.T. Koslowsky, F.J. Sharp, L.H. Bucholtz, J.C. Hardy,
H Schraeing with R. Roiha (Mathematics & Computation Branch)

The data acquisition software package from ORNL, which is presently used in
a slightly modified form with the Nuclear Physics Branch Perkin-Elmer
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computer, cannot in its present state be used for multispectrum or
multichannel scaling. These two features will, however, be required for the
determination of half-lives longer than a few milliseconds.

In order to implement such a data-acquisition system, four time sequence
controllers have been built. Two of the four (labelled B) are specifically
designed to control the data flow to the scanner and, among other things,
they allow the user to select the time per spectrum or channel and the
number of spectra or channels. The other type of controller (labelled A)
allows the user to control external equipment such as beam on/off or the
transportation of radioactive samples.

All four controllers are driven by the control room master clock and can be
used either singly, in parallel, or in series where the time-out of one
controller starts the sequence in the following controller. They therefore
offer the experimentalist a wide variety of controlling options such as
multiple nested loops. They were successfully used during the first tandem
run at the interim target location.

The software required to accept and store the data from the scanner in a
multispectrum/multichannel experiment has been specified. For both types of
experiments modifications to the ORNL acquisition package are required. The
software modifications necessary for multispectrum acquisition are now
almost complete.

2.34 Data Acquisition Hardware Development

F.J. Sharp and L. Bucholtz

The off-line testing and trouble shooting of the new Perkin-Elmer Sixteen
Channel Data-Acquisition Scanner system has been completed and the scanner
is now available for real-time on-line data collection. Along with the
completion of the data-scanner system, a number of small sub-systems and
special-application electronic modules have been built and are available for
general use. These are as follows:

1. Six Decade General Purpose Sealer CAMAC Modules

Two complete modules have been built out of a planned total of four
modules. It is the intention that these CAMAC sealer modules will eventu-
ally replace the old PDP-10 general-purpose sealer modules. A sealer module
contains four separate six-decade sealer channels, each with its own
separate six decade read-out display. Each sealer channel may be controlled
from CAMAC and the contents of its sealer register accessed and transfered
to the Perkin-Elmer Data Acquisition computer, via the CAMAC dataway. If a
sealer larger than six decades is required, any two or more sealer channels
may be daisy chained together by connecting the overflow output from one
channel to the sealer input of the next.

2. Programmable Event Trigger Identifier Module

A CAMAC controlled and programmed multiple coincidence trigger unit is

available for the tagging and categorizing of different types of
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multiple-coincidence pulse events. The unit is able to sort and identify a
multiple ten-fold input coincidence trigger event into sixteen separate
categories in less than 100 nanoseconds.

3. Status Input Module

This module now forms an integral part of the Perkin-Elmer Data Scanner
system. It allows the experimenter to access and set the twelve separate
status bits that form part of the data scanner's control-word format. The
twelve status bits are set by selected external timing pulses, i.e. the
pulsed outputs from the Programmable Event Trigger Identifier module. To
facilitate external timing and gating sequences, the data scanner's
"coincidence general reset" pulse and the "coincidence in progress" signal
are buffered and are made available for external use.

4. GPIB (IEE 488) Bus Test Module

This module can be inserted in series with the Perkin-Elmer 3230 GPIB
interface and all other external GPIB devices. It allows the user to
observe and monitor the proper operation of the GPIB bus. If necessary it
is possible to select a single-step mode, to control the GPIB bus operation
in a step-by-step sequence.

5. Track-ball Cursor Controller

A commercial track-ball cursor controller made by Marconi for home computer
systems, has been interfaced to one of our two Chromatic colour display
systems. It will be used to position a display cursor marker and to
identify areas or points of interest on a histogram data display.

6. Floppy Disk Drives

A double 8-inch floppy disk drive unit removed from the obsolete Micros
micro-computer system, has been modified and updated to become compatible
with our two Chromatic display systems. This doubles our spare disk
capacity for the two display systems and gives us a spare disk back-up drive
in the event of a disk-drive failure.

7. General Purpose Timing Units

Four NIM timing and sequence control units have been built to the
specifications of Erik Hagberg and the ISOL group. These modules allow the
user to program and control experimental equipment in a repetitive manner.

8. Cable Tester

A second multiple-conductor-cable tester unit has been constructed, which
incorporates improvements and extensions found to be lacking in the original
cable tester (CRNL-2366).

9. Beam Profile Monitor Display Controller

Two replacement BPM display control modules have been built to replace the
original unit designed and built at H.M.I. Berlin. The original unit was
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found to be unreliable and difficult to modify to our requirements, so it
was decided to redesign the unit. The new units are simpler and more
straight-forward in design; they are able to display an intensified fiducial
marker and allow the vertical deflection sensitivity of the analogue signal
to be controlled by a front-panel gain-control switch.

10. Beam Profile Monitor Digitizer

A second BPM digitizer unit has been built, which is able to sample and
digitize the analog signal received from a beam profile monitor. It samples
and digitizes the signal at one degree intervals for one complete rotation
cycle. The digitized values are stored in a temporary random access memory
until the last sample has been digitized. After the digitizing sequence has
been completed, the contents of the RAM are transfered to the TASCC control
computer via a CAMAC I/O cycle.

Two other projects are at present being actively worked upon, these are:

11. CAMAC Serial Highway Bypass Unit

Prototype units adapted from a CERN design are being constructed for
evaluation. These units when installed, one at every serial CAMAC crate
location, will maintain the integrity of the CAMAC serial highway in the
event that a serial CAMAC crate is powered down or disconnected from the
serial highway. Furthermore, these bypass units contain optical isolator
modules for the electrical isolation of the serial CAMAC crate from the
serial highway and the control computers.

12. CAB FIFO

A prototype 1024 x 16 FIFO CAMAC module is being tested. The unit will
buffer the fast data word transfers (10 MHz) between a LeCroy CAB and a
Kinetics 3841 FIFO. If successful, it will allow a user to transfer sixteen
bit data words directly from out of the CAB memory to a slower CAMAC FIFO.

2.35 TASCC Facility

J.C. Hardy, J.S. Geiger and N. Burn (TASCC Operations Branch)

Experiments have commenced at the TASCC interim target location with beams
from the tandem accelerator. For these experiments and for other tests the
tandem has operated with carbon, nitrogen, oxygen and iodine ions. Beam
energies ranged from 30 to 85 MeV, with a maximum terminal voltage of 11
Megavolts.

Early in the year, while the tandem accelerator tubes were being repaired by
High Voltage Engineering Corporation, voltage tests were carried out on the
column structure. During these tests, a maximum terminal voltage of 15.2 MV
was achieved.

Following tube installation in March, the tubes were successfully
conditioned to a terminal voltage of 11 MV, at which point conditioning was
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interrupted in order to carry out beam tests, preparatory to injecting beam
into the cyclotron. Since that time, some conditioning has been resumed
with the new shorting-cable system, which allows each of the eight
accelerator tubes to be conditioned individually.

The cyclotron cryogenic system has been operated almost continuously since
January, with cooldown of the cyclotron cryostat in March. Field mapping of
the magnet and centering of the coils is complete. The final section of the
injection beam line is now installed and all remaining cyclotron components
are functioning or are ready to do so. The first beam injection will occur
in July.

See also TASCC Operations report, PR-IO-137 section 3.

2.36 Diagnostics Software Development

W.G. Davies

The program DIAMATRIX, which calculates diagnostics parameters to aid in
setting up the injection beam line, has been modified to use the emittance
information measured at the emittance device (station 3) as input in an
automatic reoptimization of QI1, QI7 and QI8 or just QI7 and QI8 to achieve
the correct phase-space parameters at the matching points Wl and W2 (see
PR-P-140: 2.36; AECL-8648). The program name has been changed to DIAFIT.

A new program has been written, called QI1FIT, that automatically solves for
the settings of QI1 needed to produce the required beam properties at SI2,
given the actual beam emittances measured at SI2. This program is similar
in structure to Step 8 of CYCMATCH (ibid).

The program BPMANAL, which analyses the data derived from the beam-profile
monitors at diagnostics stations 1 and 4, is complete. The program
calculates the RMS beam parameters x, 0, rxg; y, <(>, ry<f>> £x» ey
(e=emittance in it mm-tnrad) at SI2 or QI14 from information derived from the
two BPMs and the slits SI2, and/or a prior knowledge of the emittance.

The effect of the beam intercepted by the slits SI2 is explicitly taken into
account by integrating the particle distribution function and calculating
the "reduced RMS width" after the beam passes through the slits. Both the
"reduced emittance" and original emittance are calculated.

The beam profile monitor system is now fully operational. Two BPMs can be
encoded "simultaneously" and read and analyzed by the control computer. The
analysis program BPM FOUR (See PR-P-140: 2.32; AECL-8648) has been modified
to plot both raw and filtered data on the Tektronix scope. First results
have been analyzed by the program BPM ANAL to produce emittance parameters
at SI2.

The program EMIT1, which analyzes the results from the emittance device (see
R.L. Graham, TASCC-1-08-02), has been modified so that it calculates the RMS
emittance parameters. (RMS emittance is calculated by BPMANAL and is used
in all diagnostic procedures.) An internal data generator for testing
purposes has also been added.
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The programs PBM FOUR and PBM ANAL that analyze the data from the pulsed-
beam monitors have been transferred to the Perkin-Elmer computer. Conver-
sion to operational diagnostic programs from the simulation programs on the
Cyber is complete. Data have been taken from the pulsed-beam monitor as a
singles spectrum on the Perkin-Elmer data acquisition system, and the spec-
trum has been analyzed by the program PBMFOUR.

2.37 Emittance Measuring Device for TASCC

T.K. Alexander, R.L. Graham, J.J. Hill, P. Jones and R.B. Walker

The Danfysik device (see PR-P-124: 2.26, AECL-6788 and PR-P-125: 2.27,
AECL-6956) for measuring the emittance of ion beams has been installed in
the cyclotron injection line and commissioned. It is now in full operation
under computer control and has been used to measure the emittance of C
beams from the MP tandem accelerator (see PR-P-141: 2.38). A full
description of the software and hardware is contained in the report
TASCC-1-08-02.

2.38 Initial Beam Tests of the Injection and Diagnostics System
W.G. Davies and T.K. Alexander

Initial beam tests have been made with the beam diagnostics procedures at
diagnostics stations 1 and 3. Emittance measurements were made at those two
stations and, when satisfactory BPM data could be obtained, the measurements
were compatible with each other. The data from station 1, analyzed by
BPMANAL, have been used by the program QI1S0LV to adjust successfully the 3
elements of QI1. The adjustment was checked and was within the errors in
the measurements.

In a similar manner, the program DIAFIT (see 2.36) was used to adjust the
lenses QI1, QI7 and QI8 from data taken at diagnostics station 3.
Unfortunately, the adjustment could not be checked because the beam became
too unstable to allow further measurement.

Emittance values obtained on May 7 were quite consistent:

Station 1 Station 3

X
y

for a 27-MeV

0.27 ± .08
2.2 ± .8

T beam.

0.27 ± .09
2.3 ± .04

irmm-mrad
mum—mrad

The x and y plane emittances are very different with the ratio y/x = 8.3.
Subsequently, beam tests were made at the low-energy injector to see if an
explanation could be found for this large asymmetry.

The tests showed that the second ESAG lens was not working properly (one
element of the lens was found to be disconnected), and the low energy beam
defining aperture should be about a factor of two larger. After repair of
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the lens, beam transmission improved and the emittance ratio dropped from
8.3 to between 2 and 3. The aperature could not be changed until a
scheduled opening of the tandem. Further beam-matching and beam-steering
tests will be carried out after all modifications have been made.

2.39 Beam Transport Magnets and Power Supplies for TASCC

W.G. Davies, H.R. Andrews, R.L. Brown, R.E. Howard and A.S.C. Hyde

The quadrupole triplet, QI15, has been installed following successful field
mapping of the injection region of the cyclotron. This is the last magnetic
component of the injection beam line to the cyclotron.

The calibration data for the quadrupoles have been reanalyzed in terms of a
series of Chebeshev polynomials of order 8,9, or 10, depending on the degree
of saturation of the quadrupole (See PR-P-'39: 2.28; AECL-8554 and PR-P-140:
2.27, AECL-8648). Chebeshev polynomials are used because they lead to
maximum accuracy in the least-squares fitting process. The Chebeshev
coefficients were then converted to those of a simple power series by an
exact transformation. The simple power series is required by the control
computer software.

The computer program CYCMATCH, which automatically matches the beam
emlttance of the tandem to the acceptance requirements of the cyclotron, is
complete and debugged. It outputs values for the 23 non-scaling beam
transport parameters for the beam transport system between the tandem and
the cyclotron. This completes software development in this area.

2.40 Progress in TASCC Phase I BTS Vacuum and Support System

H.R. Andrews, A.S.C. Hyde, P.J. Jones, J.J. Hill, R.E. Howard,

F.J. Sharp, W.G. Davies with M. St. Aubin and S.G. Whittle (TASCC

Operations Branch)

Installation of the final section of injection beam-line has begun with
completion scheduled for July 5. The extraction-line quadrupoles QE1 are

also being aligned but completion of the extraction line awaits further

cyclotron work.

The BTS vacuum-control system has functioned well with only very minor
hardware failures. Devices near the tandem have shown sensitivity to
transients associated with high-voltage sparks; no hardware failures have
occurred but at times trips occur. Efforts to reduce these effects have not
been successful as yet.

2.41 TASCC Fault Diagnostics

E. Hagberg and W.F. Slater

Software that will aid the accelerator operators in diagnosing errors that
prevent beam from being delivered to the target locations has been developed
on the PDP 11/44 control computer. These fault diagnostics programs are
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activated through touch-panel buttons. The BEAMSTOP program checks the
status of vital system variables starting at the ion source and proceeding
onward along the path of the beam. If the status of any device is such that
it prevents the beam from passing, the device name is displayed and a chime
sounds.

A series of diagnostics programs based on the mimic diagram software package
have also been developed. They will display up to 96 devices associated
with a defined geographical area of the accelerator complex. If the name of
a displayed device appears on a green background then it is in an acceptable
state. If the name appers on a magenta background then the device in
question is in such a state that it will interrupt the beam.

2.42 TASCC ELECTRONICS DEVELOPMENT

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

Modifications have been carried out on two of the ion-chamber amplifiers
employed in the radiation-alarm system to reduce their sensitivity to
transients caused by motor starting, welder operation, etc. and to reduce
long-term drifts caused by temperature variations in the room where the
amplifiers are located. The modifications on the two units have proven
successful in eliminating spurious alarm "trips" over the past several
weeks; as a result, components have been ordered to carry out the
modifications on the remaining units.

An investigation of instability in the Deltatron 300 kV ion-injector power
supply has resulted in modifications, which have reduced long term drift (8
hr) from > 300 ppm to < 30 ppm.

Numerous modifications have been made to the steerer/lens power supply for
the Hiconex 834 ion source with a view to matching its performance to the
source requirements. Various combinations of lens polarity/potential,
steerer polarity/potential and circuit loading were explored.

fionitor points have been installed on the various outputs of the ESAG lens

power supplies for rapid evaluation of beam steering difficulties.

2.43 TASCC - Phase II

H. Schmeing and J.C. Hardy

Phase II of TASCC is to provide the beam transport system to deliver the
cyclotron Beam to eleven target locations required for the nuclear physics
research program. The Request for Authorization (RFA) for Phase II has now
been informally discussed with all levels of line management in AECL
Research Company, and a consensus has been reached. Formal submission of
the RFA is contingent on production of first cyclotron beam. This is
expected to occur in August.
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2.44 BTS Vacuum and Support System - Phase II Design

H.R. Andrews, A.S.C. Hyde, P.J. Jones, W.G. Davies, T.K. Alexander
with K.J. Brown (Design and Technical Services Branch)

Detailed drawing for Phase II support cabinets and beam-line hardware have
been completed. Assembly drawings and detailed l/2-scale drawings for most
of the Phase II beam line are complete.

2.45 Target Laboratory

J.L. Gallant and P. Dmytrenko

During this period materials have been prepared for the Nuclear Physics
Branch, other branches and for commercial work. Laboratory equipment was
overhauled and improved. Special chambers were designed and built for new
materials fabrication.

Nuclear Physics Branch

Large area polypropylene foils were metallized and aluminum evaporated on
acrylic substrates. Several ytterbium-169 sources were fabricated for the
neutrino-mass measurement. Thick carbon films were prepared for tests
carried out in conjunction with the operation of the on-line separator.
Deuterium and boron-10 targets were prepared for the following reactions:
•*N + B, 14N + CD 2,

 12C + CD2.

TASCC

Cracked ethylene carbon foils were prepared for the tandem terminal and high
energy strippers and for the cyclotron stripper.

Other Branches

Silicon was carbon coated, gold targets were prepared, and 1 mg/cm titanium

foils were rolled and coated with platinum for the Solid State Science

Branch. Tritium and deuterium targets were also prepared for this branch.

Commercial Work

Several radiographic plates were prepared, of which two were sold to the
Royal Canadian Mounted Police. Thick, large-area calcium targets were
prepared for the University of Toronto for use at TRIUMF. Cracked ethylene
stripper foils were fabricated for sale to Oak Ridge National Laboratory and
the University of Pittsburg. Carbon stripper foils were prepared for Yale
University. Yttrium, nickel-60 and boron-10 targets were fabricated for
TRIUMF. Large oxygen targets were also prepared for this institution.
Magnesium-26 targets were prepared and sold to the University of Toronto.
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2.46 Fermi (S-decay: An Experimental Summary

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

The survey of QgQ-values, half-lives and branching ratios (see
PR-P-140: 2.13; AECL 8648) has been updated for recent measurements. A
parallel review (and revision - see 2.47) of the correction terms has also
been completed. As an adjunct to the latter, a survey of the measured
coefficients in the isobaric multiplet mass equation has been completed for
all known 0 + states in T=l multiplets for which superallowed (3-decay is
observed.

The result will form the basis of several publications.

2.47 Fermi Beta Decay and the Weak Vector Coupling Constant

I.S. Towner and J.C. Hardy

See PR-P-141: 4.10; AECL-8849

2.48 Programmable High Voltage Power Supply for the Neutrino-Mass
Experiment

M.W. Montaigne, J. Scott-Thomas and M.A. Lone with R.L. Graham
(Nuclear Physics Branch)

See PR-P-141: 3.36; AECL-8849

2.49 Bragg-Curve Spectrometers

R.J. Toone with D. Horn (Nuclear Physics Branch) and L. Potvin
McMaster University)

See PR-P-141: 3.40; AECL-8849

2.50 Source Holder for the Neutrino Mass Experiment

R.J. Toone, S.H. Kidner and M.J. Montaigne with R.L. Graham and
G. Audi (Nuclear Physics Branch)

See PR-P-141: 3.41; AECL-8849

2.51 Pulse Height Anomalies in Surface Barrier Detectors

W.N. Lennard, D. Phillips and J.S. Forster with T.K. Alexander
(Nuclear Physics Branch), K.B. Winterbon (Theoretical Physics Branch)
and H. Geissel (GSI, Darmstadt)

See PR-CMa-68: 1.2.2; AECL-8857
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2.52 Analysis of Near-Surface Tritium in Materials by Elastic Recoil
Detection

J.A. Sawicki, H.H. Plattner, I.V. Mitchell, O.M. Westcott and
J.L. Gallant (Nuclear Physics Branch)

See PR-CMa-68: 1.5.3; AECL-8857

2.53 Publications, Reports and Lectures

a) Publications

EXOTIC NUCLEI AND THEIR DECAY
J.C. Hardy
Science 22J_ (1985) 993.

BACKBENDING IN THE 1/2"[541] BAND IN 1B1Ir
U. Garg, E.R. Marshalek, A. Chaudhury, E.G. Funk, R. Kaczarowski,
J.W. Mihelich, D. Frekers, R.V.F. Janssens, D. Radford and
A.M. Van den Berg
Phys. Letts. 151B, 5 (1985) 335.

K X-RAY YIELDS, Ml STRENGTH AND THE y-RAY QUASI-CONTINUUM IN 153Ho
R.V.F. Janssens, D.C. Radford, I. Ahmad and A.M.Van den Berg
Phys. Letts. 152B, 3 (1985) 167.

SINGLE-PARTICLE STATES AT VERY HIGH SPIN IN THE LIGHT DYSPROSIUM ISOTOPES
D. Horn, I.S. Towner, 0. Hausser, D. Ward, H.R. Andrews, M.A. Lone,
J.F. Sharpey-Schafer, N. Rud and P. Taras
Nucl. Phys. A441, 344 (1985).

PROBLEMS OF INTERPRETING ENERGY LOSS DATA FROM NON-ZERO EMERGENT ANGLES
H. Geissel, W.N. Lennard, H.R. Andrews, D. Ward and D. Philips
Phys. Letts. 106A (1985) 371.

DEPTH PROFILES OF 35 keV 3He IONS IN METALS
W.N. Lennard, H. Geissel, T.K. Alexander, R. Hill, D.P. Jackson, M.A. Lone
and D. Phillips
Nucl. Instr. & Methods BIO/11 (1985) 592.

b) Reports

THE TANDEM ACCELERATOR SUPERCONDUCTING CYCLOTRON (TASCC) FACILITY SAFETY
MANUAL
G.C. Ball, N. Burn and J.H. Ormrod
AECL-MISC-263

A REVIEW OF FUSION BREEDER BLANKET TECHNOLOGY
J.S. Geiger
AECL-8631
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c) Lectures

CYCMATCH: A PROGRAM FOR AUTOMATICALLY MATCHING THE EMITTANCE AND DISPERSION
OF THE BEAM INJECTED INTO THE CHALK RIVER SUPERCONDUCTING CYCLOTRON
W.G. Uavies and E.A. Heighway
Paper presented at the 4th International Conference on Electrostatic
Accelerator Technology and Associated Boosters

SEMI-AUTOMATIC PROCEDURES FOR MATCHING THE EMITTANCE OF THE INJECTED BEAM TO
THE CHALK RIVER SUPERCONDUCTING CYCLOTRON
W.G. Davies
Paper presented at the 1985 Particle Accelerator Conference, Vancouver,
B.C. 1985 May 14.

THE STATUS OF THE CHALK RIVER SUPERCONDUCTING CYCLOTRON PROJECT WITH
EMPHASIS ON THE INJECTION AND DIAGNOSTIC PROCEDURES
W.G. Davies
Seminar presented at Uppsala University 1985 June 18.

THE STRUCTURE OF 153Ho AT VERY HIGH SPIN
D.C. Radford
Invited talk at the 1985 CAP Congress, Fredericton, New Brunswick, 1985 June
24-26.

PARITY MIXING OF 0± STATES IN 18F
H.C. Evans, G.T. Ewan, S.-P. Kwan, J.R. Leslie, J.D. MacArthur, H.-B. Mak,
W. McLatchie, S.A. Page, P. Skensved, T.K. Alexander
Invited paper presented at the Cretan International Meetings in Subatomic
Physics, Crete, Greece, 1985 June 23-29.

ISOSCALAR AND ISOVECTOR E2 MATRIX ELEMENTS FOR THE MASS 34 T=l TRIPLET
T.K. Alexander, G.C. Ball, D. Horn, J.S. Forster, I.V. Mitchell, H.-B. Mak
Abstract submitted to the Cretan International Meetings in Subatomic Physics
Current Problems in Nuclear Phyiscs, Crete, Greece, 1985 June 23-29.

THE STRUCTURE OF 153Ho AT VERY HIGH SPIN: FROM THE YRAST LINE INTO THE
CONTINUUM
D.C. Radford
Seminar presented at the CRN, Strasbourg, France, 1985 June 5.

TASCC - A NEW HEAVY-ION ACCELERATOR AT CHALK RIVER
J.C. Hardy
Invited talk presented at the Sixth Annual Conference of Canadian Nuclear
Society, Ottawa, Ontario, 1985 June 2-5.

G-FACTORS FOR HIGH SPIN STATES IN 168Hf AND 160Yb
D. Ward
Paper given at the Niels Bohr Centennial Conference in Copenhagen and
Stockholm, 1985 May.

NUCLEAR POWER AND THE ENERGY CRISIS
H.R. Andrews
Talk given to Civitan Club of Pembroke, 1985 January 7.
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ENERGY
H.R. Andrews
19 talks to High School in Nova Scotia and Prince Edward Island, 1985
January 26 to February 2 and May 6-10.

NUCLEAR ENERGY
H.R. Andrews
Debate at Richmond High School, 1985 March 4.

NUCLEAR ENERGY
H.R. Andrews
2 talks at National Science Fair, Cornwall, Ontario, 1985 May 12.

ENERGY AND THE ENTREPRENEUR
H.R. Andrews
Lecture to Shad Valley Summer School, Fredericton, N.B., 1985 June 26.
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(1) Professor attached from Toronto University, arrived 1985
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3.2 Neutron Scattering from a Fractal: Fumed Silica

P.N. Gerlach, G. Dolling and W.J.L. Buyers with J.P. Harrison and
J.H. Page (Queen's University)

The search for an anomaly in the density of vibrational states in a system
having fractal properties (PR-P-140: 3.2; AECL-8648) has been continued with
improved experimental conditions: third order contamination was significantly
reduced by means of a pyrolytic graphite filter mounted before the analyzer
crystal, set to reflect 3.52 THz neutrons, and a three-fold increase in the
number of molecules of Cab-O-Sil in the neutron beam was obtained by soaking
in water followed by drying under vacuum at 900 K for several hours. This
removes all free water molecules but a small amount of hydrogen still remains
in the form of OH radicals bound to Si atoms on surface of the 70 A diameter
Cab-O-Sil spheres. The inelastic scattering measured in the range 0.2 - 0.7
THz showed a completely unexpected temperature, T, and wave vector, Q,
dependence. Instead of increasing linearly in T, as would be the case for a
system of harmonic phonons, it was almost unchanged between 300 K and 700 K.
Further, instead of increasing approximately as Q S(Q), as suggested by
Carpenter and Pelizarri (Phys. Rev. B12 (1975) 2313) for vibrations in an
amorphous material, the intensity was essentially constant between Q = 2.5 A~
and 4 A~ . As there was no sign of the S(Q) oscillations in the inelastic
intensity, we conclude that the vibrational excitations form a continuum of
localized states rather than being characterized by a wavelength. In a second
experiment the T and Q dependence of amorphous silica, which has close to the
full density of a quartz crystal, was found to be intermediate between that of
crystalline material and that of Cab-O-Sil. These data suggest that for
vibrational excitations on a fractal at room temperature, the concept of in-
dependent phonons is inappropriate.

3.3 Dual Beam Spectrometer for High-Throughput Diffraction and Polarized
Neutron Experiments

W.J.L. Buyers, B.M. Powell, H.F. Nieman and D.C. Tennant with W.
Mellors and C.A. Cox (Mechanical Equipment Development Branch) and J.
Morralee (Design and Technical Services Branch)

A five-month study has led to a novel design for the dual beam neutron
spectrometer to be used for joint AECL-University research. To make
simultaneous use of the pairs of vertically spaced beam holes at NRU two 15
tonne spectrometers are stacked one above the other. Their specimen and
detector arms are supported by a combination of turntable and air bearings
which allows them to be positioned within an accuracy of 0.01°. One
spectrometer will provide structural data about an order of magnitude faster
than at present. The other not only improves the flux for conventional
neutron scattering by a factor of five but will enable inelastic scattering
experiments at NRU to be performed for the first time with polarized neutrons.
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3.4 Design of High-Throughput Neutron Diffractometer and Polarized-Beam
Spectrometer
W.J.L. Buyers, B.M. Powell and H.F. Nieman with W. Mellors and C.A. Cox
(Mechanical Equipment Development Branch).

Two main designs have been considered for the shielding drum. The first uses
vertical moving wedges with dedicated actuators. This is a double drum adap-
tation of the L3 spectrometer currently in operation at CRNL. The second uses
vertical moving wedges with cam operation and is an adaptation of the HA spec-
trometer at Brookhaven. Both spectrometer designs use a modular construction
for ease of installation and removal.

Both use a central mast to transmit the upper spectrometer load to the founda-
tion and derive supplementary support from the yoke. Monochromator change is
effected in the lower drum by a horizontal shielded drawer arrangement.

Paraffin wax, loaded with a 1% nuclear grade boron carbide absorber is the
principal neutron moderating material. Front line slow neutron absorption is
performed by 6 mm boral to reduce component activation. Gamma-ray shielding
is provided by a 76 mm thick envelope of 99.9% pure lead in the immediate
vicinity of both upper and lower raonochromators. This envelope is increased
to 125 mm locally where a direct beam from the reactor is encountered. A 25
mm thick layer of lead envelops the drum just under its steel skin to shield
against secondary gamma rays. The main structure of both spectrometer designs
is of fabricated steel which serves as supplementary neutron and gamma
shielding.

The Brookhaven design has received attention only in the last part of the
study. It appears to be mechanically simple; it has a relatively small moving
mass and requires minimum interferences with the reactor floor. Some shiel-
ding deficiencies in the vicinity of the yoke can be overcome by the use of
moveable shielding.

A preliminary design has been produced for the yoke and its accessories.
Again, a modular approach has been adopted with the main shielding blocks
being stacked vertically and the collimator and filter modules being inserted
and actuated horizontally. A beam gate is incorporated and is built into the
reactor beam port. It is actuated from outside the yoke and can be removed as
a module through the filter or collimator holes for service.

For the support and movement of the dif fractometer and the analyzer, a dance
floor approach with air bearings has been adopted. A single mast supported by
three Frank and Heydrich modules supports the diffractometer and the upper
spectrometer sample table. The sample table is in turn connected to the spec-
trometer drum by a cantilever of variable length. The mast is rotatable with
respect to the dif fractometer so that its feet may be positioned to cause
minimum interference with the lower spectrometer accessories.

The lower spectrometer sample table is totally cantilevered from the lower
drum. The detector and the analyzer crystal table are housed in a single
shielding block which is supported on a single Frank and Heydrich module.



3-7

The yoke, the collimators, the filters, the beam gates and some drum compo-
nents have been estimated and the drum design incorporating the dedicated
actuators will be released for estimating by 1985 July 5. The cam operated
wedge design will be handled in late July by estimating the differences.

A 1/8 scale model of the spectrometer based on the dedicated actuator design
has been partially completed. Work on this has been held pending a choice
being made between the two spectrometer designs.

A written proposal is being prepared; this will include illustrative photo-
graphs and diagrams to provide information on the spectrometer operation to
interested parties.

The Introduction of new options by the Brookhaven design has resulted in a
schedule setback; however, we expect to have the proposal completed by mid-
August.

3.5 A New Analyzer for the NSERC/AECL Dual Beam Spectrometer

D.C. Tennant, W.J.L. Buyers and G. Dolling

A simple analyzer has been built and successfully tested at NRX under a varie-
ty of typical experimental conditions. Instead of lifting mechanical shiel-
ding wedges to allow rotation of the detector about the separately shielded
analyzer crystal, the new design encloses the entire analyzer and detector
assembly in a 28 cm thick polyethylene shield. Compared with the conventional
arrangement, the new analyzer has a background count rate that is four times
lower under normal operating conditions. For certain unusual configurations
where an intense Bragg-reflected beam enters the analyzer cavity directly, the
background rate is increased. However, this effect can be reduced by a modest
increase of the analyzer to detector distance and by improved local shielding
carried by the detector itself within the primary shield.

The simplicity of this new analyzer design will allow substantial cost reduc-
tions for the dual beam, two spectrometer system proposed for NRU; its low,
flat profile will permit much wider angular ranges for each spectrometer wit-
hout mutual interference.

3.6 Gap Modes in the Spin-1 Quasi One-Dimensional Antiferromagnet CsNiC.ft3
and the Haldane Conjecture

W.J.L. Buyers and P.N. Gerlach, with R.M. Morra, R.L. Armstrong and
M.J. Hogan (University of Toronto) and K. Hirakawa (University of
Tokyo)

Neutron scattering measurements have been made of the spin wave dispersion in
CsNiC£3 below and above its Neel point. A spin-wave model has been developed
for the six sublattices from which exchange and anisotropy constants have been
determined. In the ID regime up to at least 2TJJ the low-lying spin transi-
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tions are found to occur at finite frequency as a well-defined peak. The
result supports the conjecture of Haldane and others that there is a gap in
the spectrum of the Heisenberg spin-1 antiferromagnetic chain.

3.7 Splitting of the [CCC] TA Branch of UTe

T.M. Holden and W.J.L. Buyers

Further experiments were carried out to check the origin of an apparent split-
ting of the [CCC] TA phonon branch of UTe (PR-P-139: 3.11; AECL-8554). It had
been suggested that a possible origin might be the interaction of a quadrupo-
lar mode of the uranium ions with the phonons. The experiments were carried
out with the N5 spectrometer at the wave vector transfer (-1.8,-1.8,2.2) where
the splitting was most pronounced. it was found that the peak frequencies
were independent of temperature between 4.2 K and 300 K. Because the charac-
teristic frequency of any quadrupolar mode would have changed in the molecular
field that exists below the Curie temperature of UTe, 106 K, the quadrupolar
mode suggestion may be ruled out. The total intensity in the two peaks
accurately follows the phonon population factor. In cubic materials the two
acoustic phonon modes of TA character are only precisely degenerate_along the
[CCC] direction. One mode can be described as polarized along [110] and is
invisible in the (110) plane. The other is polarized along a [U2] direction
and has maximum intensity in the plane. Away from the symmetry direction the
eigenvectors rotate rapidly so that both modes have comparable cross sections
within the vertical resolution of the spectrometer. The explanation of the
splitting is simply the resolving of the two modes just off the symmetry
direction. Similar effects have been observed in several other cubic, non-
magnetic materials e.g. quartz (E.R. Cowley and A.K. Pant, Acta Cryst. A26
(1970) 439).

3.8 The Development of a Flat Coil Neutron Spin Flipper

P.N. Gerlach and T.M. Holden

A single coil neutron spin flipper produces a magnetic field component perpen-
dicular to the neutron flight path and the polarization vector of the incoming
beam. This forces the neutron spin to perform a precession around this field
component (F. Mezei, Z. Physik 255 (1972) 146; B. van Laar et al., Nucl.
Instrum. & Meth. 133 (1976) 241). A flipper developed at Brookhaven consists
of three different parts: a system of four coils and two soft iron plates,
producing a guide field outside the flipper and two flat coils, which are
wound perpendicular to one another. The first one produces the component,
around which the neutron spin precesses, the second cancels the guide field in
the region of the flipper action.

It was required to optimize the homogeneity of the different field components
to get a high flipping ratio for a beam having a cross section of 4 * 4 cm and
for wavelengths between 0.8 and 4 A. The field components of the three
different modules at different positions along the neutron flight path were
calculated as a function of the flipper dimensions with the program
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GFUN3D (A. Armstrong et al., Rutherford Laboratory Report RL-76-O291A). The
calculations show clearly that an extension of the coil cross section perpen-
dicular to the neutron flight path improves the homogeneity of the flipping
component considerably. The homogeneity of the guide field is, on the other
hand, much less sensitive to changes of the dimensions.

Currents of about 4.75 and 1.0 A are sufficient to produce a 180° degree pre-
cession of a neutron having a wavelength of 0.8 and 4 ft, respectively. The
construction of a flipper to this design is underway.

3.9 Crystallographic Texture and Strain Measurements in Zircaloy-2
Calandria Tube Material

T.M. Holden and B.M. Powell with J.A. Jackman and S.R. MacEwen
(Materials Science Branch), W. Fidleris (Metallurgical Engineering
Branch) and R.A. Holt (Department of Energy, Mines and Resources)

The (10T0), (0002), (10U), (1012) and (U20) pole figures for Zircaloy-2
calandria tube material were measured for coarse-grained sheet, 1.5% cold-
worked sheet and 25.7% cold-worked sheet. The measurements were made with the
C5 spectrometer in the diffraction mode with relaxed collimation at a neutron
wavelength of 1.638 A. The principal directions of the sample are the sheet
normal, cue rolling direction and the transverse direction. Circular disks
were machined from the sheets after marking the rolling direction and these
were stacked to form a pillar for which absorption corrections can easily be
made and the intensity is optimized. The pole figures can be understood in
terms of two ideal textures which correspond to grains with [0002] directions
in the plane containing the sheet normal and the transverse direction symme-
trically on either side of the normal. The angle with the sheet normal closes
from 41 ± 2° for the coarse-grained sheet, to 40 ± 2° for the 1.5% cold-worked
sample to 30 ± 2° for the 25.7% cold-worked sample. Both textures have a
common [10T0] direction along the rolling direction. Given these two axes all
the prominent features of the five pole figures can be indexed as belonging to
one or other of the ideal textures. With the exception of the common [1010]
there is no overlapping of intensity from the two ideal textures so an unambi-
guous assignment may be made for each point on the pole figures and the cor-
responding spatial orientation.

For the strain measurements a high resolution configuration of the L3 spectro-
meter was adopted with a Ge(331) monochromator at 2Gm = 100° and collimation
of 0.3° before and after the sample. The kappa spectrometer was used to
rotate the desired feature on the pole diagram into the horizontal plane so
that the corresponding plane normals fulfil the condition for Bragg scat-
tering. The strain tensor for each of the ideal textures for the 1.5% cold-
worked sample was deduced from the measurements o£ lattice parameters for
twenty independent reflections from the sets {l010}, {0002}, {lOll} and
{11*20}. The lattice parameters of "strain free" Zircaloy were taken to be a =
3.2285 A and c = 5.1509 A. Within the experimental errors the strain tensors
for the two textures are equal when referred to crystal axes and are (units
10-") eix = e27f0 = 12.5 ± 0.5 and e22 = eoi7o = 4.5 ± 0.6, €33 = e 0 0 0 2 =

4 0 4 4 d-13.7 ± 6, sL2 = -0.1 ± 0.4, e2i = 0.4 ± 0.4 and e31 = 1.1 ± 0.4. The strain
tensors for the other samples will be measured when the NRU reactor restarts.
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3.10 Neutron Diffraction from Natural Triphuyite (FeSbOQ

T.M. Holden with M.G. Tovmsend (Department of Energy, Mines and
Resources)

Neutron diffraction measurements were made on the naturally occurring mineral
triphuyite, FeSbOi*, on the L3 spectrometer in a high resolution configuration
(X = 1.833 A) with a Ge (331) monochromator and collimation before and after
the sample of 0.31 and 0.33". The measurements were made at 300 K and 20 K
with the Displex cryostat and only two additional peaks were observed in the
low temperature pattern. The most surprising feature was the large incoherent
background observed since the constituent elements have small incoherent cross
sections. This suggests that the mineral may contain water in its natural
state or that the structure is a highly defected one. Analysis of the results
is in progress.

3.11 Single-Particle Scattering in Superfluid He at Low Q

E.C. Svensson and D.C. Tennant

The search (PR-P-139: 3.2; AECL-8554 and PR-P-140: 3.23; AECL-8648) for
single-particle scattering in superfluid He at low momentum transfers, Q, was
continued. Measurements using a new beryllium filter with a rejection-factor
for higher-order neutrons about 40 times larger than for the previous filter
showed that the weak peaks at the free-particle energies for Q = 1.00 and 1.13
A~ observed earlier in this study could be attributed entirely to higher-
order neutrons (mainly 3rd and 4th order) leaking through the beryllium
filter. This is also undoubtedly the explanation of the peak on the low
energy side of the one-phonon peak at Q = 1.13 A~ observed by Woods, Svensson
and Martel (Phys. Lett. 43A (1973) 223). In these latest measurements we did
observe a weak peak on the low frequency side of the one-phonon peak at Q =
1.00 A" . It's frequency was 0.185 THz compared to a free-particle energy of
0.126 THz. This peak could conceivably be the expected single-particle scat-
tering shifted by interactions, but, since its frequency is very close to the
roton frequency, it could also possible be a roton seen via some unidentified
elastic-plus-inelastic process. The intensity (~ 1% of the corresponding one-
phonon intensity) was too low to permit a systematic investigation at the
present time. The study may be resumed in future if a new incident-beam fil-
ter planned for the L3 spectrometer and a better monochromator give a factor
of 2-3 more intensity, which we believe is feasible. Because of the crucial
importance for the theory of liquid He and also the promise of a more direct
way to study the condensate, it would clearly be of value to pursue further
the search for the expected single-particle scattering. At our present level
of sensitivity (» 0.1% of the one-phonon intensity at Q = 1.00 A and » 0.01%
of the roton intensity we thus find no evidence for scattering in the form of
peaks at the free-particle energies at low Q. This finding is in direct dis-
agreement with the results reported by Blagoveshchenskii et al. (J.E.T.P.
Letters 31 (1980) 4).
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3.12 Static Structure Factor of Liquid He at Elevated Pressures
E.G. Svensson and D.C. Tennant

if

A study of the static structure factor, S(Q), of liquid He at elevated pres-
sures has commenced using the L3 spectrometer operated so as to measure the
total scattering for a fixed incident energy of 111.1 meV. For a constant
density of 0.169 g/cra , complete scans (2° <̂  0 <̂  116.4° where 0 is the scat-
tering angle) were carried out for 15 temperatures in the range 1.00 to
4.22 K. For several additional temperatures near the \-point, scans were also
made over the main peak in the total scattering (0 ~ 16°) as well as at large
0 [91° <. 0 _< 95° where S(Q) = 1] for normalization purposes. The X-point was
determined to be 1.9715 K, very close to the value 1.9725 K expected for this
nominal density from pressure-temperature data in the literature. The height
of the main peak for p = 0.169 g/cm is observed to increase as the tempera-
ture is lowered from 4.22 K to T\ and then to decrease continuously on
further cooling. This behaviour is very similar to that observed earlier by
Svensson et al. (Phys. Rev. B21 (1980) 3638) and Svensson and Murray (Physica
108B (1981) 1317) at saturated vapour pressure (p - 0.146 g/cm ). The de-
crease of about 7% between T\ and 1.00 K (compared with 4.7% at s.v.p.) is
presumably at least in part attributable to the increasing occupation of the
zero-momentum condensate state, and one of the aims of this study is to obtain
information on the way in which the condensate fraction varies with tempera-
ture and density. Runs through T\ at constant pressure gave qualitatively
similar behaviour. Complete scans were also carried out at T ~ 1.0 K for 9
pressures between 1.1 and 25.0 atm and the height of the main peak in the
total scattering increased by 30% over this range.

3.13 Structure of Oxygen Clathrate

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

The powder profile previously measured at 5.6 K for deuterated oxygen
clathrate (PR-P-140: 3.9; AECL-8648) has been analyzed to determine the atomic
positions of the deuterium atoms. The profile had previously been indexed on
the basis of a type II structure and efforts were made to fit the profile by
varying the atomic positions of all oxygen and deuterium atoms in this struc-
ture. However, the fitting procedure could not find a stable solution with
this number of adjustable parameters. The positions of the oxygen atoms were
then fixed at the values determined by X-ray diffraction for the double
clathrate of tetrahydrofuran and hydrogen sulphide (T.C.W. Mak and R.K.
McMullan, J. Chem. Phys. 42_ (1965) 2725) while the positions of the deuterium
atoms and the occupancies of the two guest sites were varied. A well-defined
minimum was then found by the fitting procedure with an R-factor of 14%
(^expected = 8.8%). The occupancies found for the large and small water
cages were 0.99 and 1.69 respectively. The detailed values of the parameters
depend on the values assumed for the Debye-Waller factors, but the overall
pattern of occupancies and deuterium positions was independent of this assump-
tion. The values obtained for the occupancies of the cages confirm the sug-
gestion that, for small guest molecules, the stability of the type II struc-
ture arises from a preference for guest molecules to fill the small cages.
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3.14 The Phase Transition in Deuterated Methyl Bromide (CD3Br)

P.N. Gerlach and B.M. Powell with B.H. Torrie (University of Waterloo)

The phase transition at 174 K in CD3Br is the result of a very large change in
the orientation of one molecule in the unit cell relative to the second mole-
cule in the cell. (PR-P-140: 3.14; AECL-8648). We have modelled the transi-
tion by calculating the temperature dependence of the lattice energy for a
molecule in a small cluster of near neighbours as a function of the angles
specifying the orientations of those two molecules located in the mirror
planes of the high and low temperatures structures. The non-bonded inter-
atomic interactions were assumed to be Buckingham potentials with parameters
taken from the literature. The electrostatic interactions were assumed to be
Coulomb potentials and a particle charge distribution was determined that re-
produces the known dipole moment of the molecule. The molecular centres of
mass and the molecular bond lengths and angles were fixed at the values
derived from the structure determinations. The lattice energy was calculated
as a function of the orientation angles in the mirror planes by summing all
interatomic interactions to a range of 7.5 A and the results were plotted as
equipotential contour maps.

In the high temperature phase at 175 K the calculated contour map showed a
global potential minimum (A) with orientation angles close to those observed.
A second potential minimum (B) was also found at this temperature with orien-
tation angles close to those observed for the low temperature phase. A large
potential barrier (8 kcal.mol." ) separated these two minima. The calculation
was repeated as the temperature was lowered and at 155 K a fundamental change
occurred in the topology of the contour map. The two potential minima changed
little in their positions, but minimum B becomes the deeper of the two. It
thus becomes energetically favourable for one of the molecules to make a large
change in its orientation. The non-bonded interactions are found to determine
the locations of the minima, but the electrostatic interactions determine the
molecular configuration which gives the global energy minimum. This simple
model for the interatomic interactions in CD3Br thus successfully explains the
observed phase transition.

3.15 The Crystal Structure of Deuterated Methylene Bromide

B.M. Powell and P.N. Gerlach with B.H. Torrie (University of Waterloo)

As part of our investigations of the structures of the brominated methanes we
have determined the detailed crystal structure of deuterated methylene bromide
at 15 K. The neutron powder profile was measured in the conventional manner
and the Rietveld analysis was carried out with the program EDINP.

The structure was found to have space group C2/c, unchanged from that found by
X-ray diffraction at 183 K. The positions of all atoms in the molecule were
determined together with their isotropic Debye-Waller factors. These factors
for the two D atoms were found to be much larger than those for the C and Br
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atoms, but efforts to fit anisotropic thermal parameters for the D atoms were
unsuccessful. The molecular geometry was essentially unchanged from that at
183 K, but interatomic distances were significantly shorter at the lower
temperature. In particular the Br-Br distances in planes parallel to the a-b
plane decreased from 3.63 and 3.77 A to 3.55 and 3.63 A respectively while the
distances between molecules related by the 2-fold screw axis decreased from
4.24 and 4.12 A to 3.96 and 3.90 A respectively.

Recent Raman and infrared studies of CH2Br2 have indicated the existence of
a metastable phase and it was hoped this structure could be observed in the
present measurements. However, all the observed Debye-Scherrer peaks could be
indexed on the basis of the space group C2/c and there was no evidence for the
existence of any other crystal structure. It may be that our cryogrinding
technique prevents formation of a metastable phase, or that such a phase, if
formed, is subsequently annealed out before the sample can be cooled to 15 K.

3.16 Temperature Dependence of Debye-Waller Factors in KpOsC-ftfi

B.M.Powell with R.M. Morra, I. Svare and R.L. Armstrong (University of
Toronto)

It has been found that in CsPbC£3 (S.L. Mair, Acta Cryst. A3£ (1982) 790), at
temperatures close to the phase transition, the Debye-Waller factor of the CH~
ion shows an abnormal temperature dependence. It was suggested that this
behaviour is a signature of a "soft-mode" type phase transition. In order to
test this suggestion further, we have measured the temperature dependence of
the structure of the cubic antifluorite crystal K2OSCA6, which is known to
have a soft-mode ferro-rotational transition at 43 K.

The structure was determined from neutron powder profile measurements of poly-
crystalline K2OsC£6» The neutron wavelength was 1.7721 A and the range of
scattering angles extended from 15.0° to 119.0°. Measurements were made at
temperatures of 120.1 K, 99.7 K, 84.4 K, 49.5 K, 45.9 K, 44.5 K and 40.1 K.
The experimental profiles were analyzed to determine the detailed structure at
each temperature. The adjustable parameters used to describe the structure
were one lattice constant, one Os-CJt bond length, one translational Debye-
Waller factor for the id" ion, and one rotational Debye-Waller factor for the
0sC^6 "" octahedron in the cubic phase, with the addition of another lattice
constant and an angle to describe the ferro-rotation of the OsCJlg ~ octahedron
in the tetragonal phase. The results of the analysis indicate that the
OsCJlg ~ rotational Debye-Waller decreases linearly with temperature and is not
sensitive to the longitudinal rotary mode that softens near the phase transi-
tion.

The quality of the fit to the experimental profiles at 44.5 K, 45.9 K, 49.5 K
and 84.4 K, but not at 99.7 K and 120.1 K, is considerably improved by
assuming a tetragonal structure identical to the cubic structure except that
the rotational Debye-Waller factor for the OsCJl6 ~ octahedron is replaced by
a static ferrorotation. This suggests that, over a wide temperature range
above the phase transition in polycrystalline l^OsCAg, precursor clusters of
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the tetragonal phase form a significant fraction of the volume.

3.17 Excitations in Orientationally Disordered C2F6

B.M. Powell and P.N. Gerlach

Inelastic neutron scattering measurements of the excitations in a single crys-
tal of C2F6 in its orientationally disordered phase at 150 K have been made.
The crystal had a bcc structure and was oriented with the three high symmetry
directions in the scattering plane. No discrete phonons were observed for any
of the symmetry directions, but all scattered neutron distributions showed
significant quasi-elastic scattering whose width varied with the momentum
transfer. The quasi-elastic distributions were found to be quite well descri-
bed by Lorentzian line shapes and the typical width of the Lorentzian was »
0.55 THz. The dependence of the fitted width on momentum transfer shows defi-
nite structure, however, and differs for each symmetry direction.

3.18 Vibrational Modes of A-DNA

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

Preliminary inelastic neutron scattering measurements have been made on A-DNA.
The specimen had the helices of various strands oriented as described by A.
Rupprecht and B. Forslind (Biochim, Biophys. Acta 204 (1970) 304). Some of
the low frequency spectra were consistent with the existence of low frequency
peaks at " 0.4 and 0.6 THz, previously observed by Raman scattering (S.M.
Lindsay et al., Phys. Rev. Lett. J53_ (1984) 1853). However, because of small
specimen size, more extensive measurements are necessary to confirm these
findings.

3.19 Neutron Diffraction Studies of Drug-Membrane Interactions

P. Martel and F.U. Ahmed

In order to check the conclusion for model calculations (PR-P-140: 3.20;
AECL-8648) that A -tetrahydrocannabinol (A -THC) can lie in a thin layer just
inside the outer head group region of dipalmitoylphosphatidycholine (DPPC) it
is desirable to have measurements from cholesterol-impregnated DPPC because
cholesterol is known (PR-P-139: 3.5; AECL-8554) to intercalate in this region.

Using a specially designed beryllium filter insert, measurements of choles-
terol-impregnated DPPC membranes were made at C5. Other measurements on pure
DPPC membranes and A -THc impregnated membranes were also made. This latest
series of measurements was on specimens containing 50% D2O (by weight) instead
of the higher D2O percentage (» 66%) utilized in earlier experiments. The
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present results appear to be compatible with earlier measurements and detailed
analysis is underway.

3.20 Inelastic Neutron Scattering Measurements on Globular Proteins

P. Martel and F.U Ahmed

Inelastic scattering measurements at N5 on highly purified a-chymotrypsin
indicated a broad frequency distribution peaking at <= 0.8 THz. Previous
measurements on less purified material (PR-P-139: 3.6; AECL-8554) indicated a
narrower peak centered at 0.6 THz. To see if autolysis products or molecular
structure differences could account for the discrepancy, small angle neutron
scattering measurements were made. These measurements indicated that the
molecule tends to dimerize in solution at high concentrations (8 mg/ml or
greater). No structural differences in the monomers were detected but a
higher background was measured for the highly purified material thus indica-
ting that it may have autolysis contaminants.

3.21 Preliminary Measurements on Cellulose

P. Martel and F.U. Ahmed with I.E.P. Taylor (University of British
Columbia)

The E-2 spectrometer belonging to the McMaster University was employed to
carry out diffraction measurements on "Whatman" number 1 filter paper composed
of cellulose. Previous X-ray measurements (I.E.P. Taylor and E.D.T. Atkins,
private communication) indicate a fairly strong Bragg peak corresponding to a
planar separation of 10.03 A. The neutron measurements also indicate the
presence of such a peak as well as a stronger one corresponding to a planar
separation of a 3.5 A. Cellulose is a major component of wood and experiments
are planned to study physiological changes in it during tree growth.

3.22 Vacancies in CsCA-Type Intermetallic Compounds

S.M. Kim

A comprehensive literature survey as well as additional theoretical work have
been made on the possible existence of structural vacancies in B2(CsC?-type)
intermetallic compounds such as NiAi and CoGa (PR-P-138: 3.14: AECL-8267). It
was found that, although the existence of structural vacancies has been widely
accepted, experimental evidence is not conclusive. It can be shown that for
an ordered non-stoichiometric bcc alloy where the bond energy between two A
atoms is greater than that between two B atoms, ê A > E33, structural
vacancies cannot exist if egg > 0. Only when egg is negative and small,
can structural vacancies exist at T = 0 K. At finite temperatures vacancies
and anti-structure atoms (atoms at wrong sublattice) will be present on both
sublattices• Thus the theory developed previously is applicable even for
alloys where structural vacancies are formed. Comparison of this theory with
experimental observations on CoGa shows that structural vacancies are extreme-
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ly unlikely in this alloy. On the other hand, purely thermal vacancies can
account satisfactorily for the observed composition dependence of vacancy con-
centration.

3.23 Site Preference of Solute Atoms in Ordered A3B Alloys

S.M. Kim

It is known that when solute atoms are added in ordered A3B alloys, such as
Nî AJi., certain solutes replace A atoms while others replace either B atoms or
A and B atoms equally. It has been commonly interpreted that the solute atoms
which replace A(B) atoms reside on the A(B) sublattice. A theory has been
developed to describe the site preference of solute atoms in these alloys. It
was found that the solute atoms that replace A(B) atoms may not necessarily
reside on the A(B) sublattice. The location of solute atoms was found to be
independent of the bond energies between two A or two B atoms, in contrast to
a previous theory, but it is determined entirely by VACA'AB an<^ vBc/
V^B where V-M is the interaction energy between the I1-" and jtnatoms.
Although the values of V-̂ j are not known for many elements, they can be
determined to a reasonable accuracy by using a well known semi-empirical for-
mula (e.g. J. Less Common Metals 4£, (1976) 67). Thus it is possible to pre-
dict theoretically on which sublattice the solute atoms will reside when these
solutes form alloys. For most alloys where measurements have been made, the
present theory is found to be entirely consistent with experimental observa-
tions.

3.24 Spectrometer Control Network

M.M. Potter

The link between the central computer at CRNL and the Spectrometer Control
Network (PR-P-140: 3.26; AECL-8648) at the NRU reactor is being used to
provide remote access to the network. The remote end of the link can be a
local terminal on the central computer, a portable terminal coupled to the
telephone system or a remote computer that has access to Telecom Canada's
Datapac Network.

One of the major functions of the link will be to monitor the status of
experiments and to modify experimental conditions on the off-fhifts thus mini-
mizing the work load. It will also provide remote programming and data ana-
lysis capabilities.

Software for the automatic calibration of the kappa-diffractometer cannot be
tested until NRU restarts.

3.25 Construction of a Heusler Alloy Neutron Analyzer

T.M. Holden and A.H. Hewitt

A permanent magnet assembly was constructed to magnetize to saturation a
Heusler alloy (Cu2MnAJl) single crystal for use as a monochromator to produce
neutrons of a desired wavelength and spin orientation. To fit the polarizing
monochromator into both analyzer and monochromator positions in the neutron
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spectrometers the magnetic field is constrained to be vertical. The permanent
magnetic field is provided by 25-mm blocks of S111C05 held in a steel frame
above and below the crystal and the magnetic circuit is completed by mild
steel plates bolted together. The faces of the steel plates, pole-pieces and
permanent magnet material were faced with Cd to minimize unwanted scattering
and induced activity.

3.26 Design and Manufacture of Beryllium Filter Inserts for Small Angle
Scattering Experiments

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

Room temperature beryllium filter inserts have been designed to supplement the
liquid nitrogen filter at N5. One insert has a Be filter length of 7.6 cm and
has a transmission comparable to the cooled filter. Its rejection capability
for short wavelength neutrons is an order of magnitude worse than the cooled
filter but still acceptable for most small angle scattering measurements.

A second filter insert with a Be length of 15.2 cm has also been built in
order to check for effects due to short wavelength contamination. Together
these two filters make small angle scattering measurements possible with L3
and C5 as well as N5.

3.27 Multi-Detector for ANDI Project

H.F. Nieman and B.M. Powell

A multi-detector array has been constructed for use in applications of neutron
diffraction to industry (ANDI). The detector array consists of 13 He thermal
neutron detectors whose specifications and performance were investigated
previously (PR-P-137: 3.20; AECL-8106). Each detector subtends an angle of
0.2° at the specimen position and they are assembled with a 0.3° angular
separation on an arc centred at the specimen. Consequently measurements at
three scattering angles separated by 0.1° will produce a diffraction profile
extending over 3.6°, a procedure which presently requires 36 measurements.
Each detector is directly coupled to its associated preamplifier-amplifier-
discriminator electronics so that the multi-detector array and its electronics
form a very compact assembly. The complete package is mounted inside the
existing detector cavity of the triple-axis spectrometers. The existing
collimators are replaced by a single, long collimator. The detector array is
presently under test.

3.28 New Insert for M-l Cryostat

J.C. Evans

A new temperature-controlled insert has been designed for the M-l (magnet)
cryostat. The original insert was becoming unreliable and it was difficult to
add or replace temperature sensors.
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The new insert incorporates a valve in the liquid helium supply to the speci-
men temperature control block, enabling pumping on the helium exhaust to
achieve temperatures below 4.2 K. In addition, access has been provided for
multiple temperature sensors and for physical manipulation of the specimen if
required.

Construction drawings have been prepared, but construction is at present awai-
ting the delivery and evaluation of epoxy-glass tubing for the main insert
body.

3.29 Reactor Beam-Hole Use

H.F. Nieman and G. Dolling

The C-2 fast-neutron chopper facility and the Guelph University spectrometer
were shut down for the period. The McMaster University spectrometer operated
for 90% of the time. Utilization at the other occupied beam holes was as
follows:

Beam
Hole

Cl
* C4
C5
L3
N5

No. of
Experiments

1
7
2
3

No. of
Participating
CRNL Scientists

Not used during
1
5
2
5

No. of
Participating
Non-CRNL
Scientists

this period.
0
6
1
3

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

50
100
100
99

Total reactor operating time was 92 days.
The C-4 spectrometer was shutdown for seven weeks
control system.

to install a new

? 3 8
3.30 Preparation for a Measurement of the (y,y) Spectrum of U Below the

Fission Threshold

J.W. Knowles, W.F. Mills, R.J.E. Deal and G.H. Heit with G.L. Klawitter
(Mathematics and Computation Branch)

Following our recent high resolution (12-14 keV) measurements, between 4.96
and 6.35 MeV, of the (y,f) spectrum of U (PR-P-140: 3.30; AECL-8648) which
showed considerable structure below the fission threshold, it has become
important to measure the (Y«Y) as well as the (y»f) spectra. The structure
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observed in these spectra can be assigned unambiguously either to the (Y>f) o r

(Y,Y) exit channels or to the total absorption photo-absorption entrance
channel.

Preliminary tests with the Chalk River high-resolution photon monochromator,
at the University of Illinois Electron Facility show that existing electronics
(PR-P-139: 3.18; AECL-8554) are adequate either for a simultaneous measurement
of the (Y,Y) and (Y>f) spectra or for a (Y,Y) measurement with simultaneous
detector monitor as described in (PR-P-141: 3.30: AECL-8849). To aid in this
measurement we have acquired a data acquisition system consisting of a 256
kilobyte LSI-11/73, and a 30 megabyte Winchester disk. For this computer
system we have written and tested software, consisting of an Exerciser for
addressing external equipment and an interrupt service routine. This program
controls the accumulation and printing of data from the coincidence counting
system, an array of 72 wire-counters and 12 plastic scintillators of the
brerasstrahlung monochromator.

3.31 Neutron and Bremmstrahlung Yields from 5-25 MeV Electrons on Natural
Element Targets of Various Thicknesses

M.A. Lone with K.C.D. Chan (Accelerator Physics Branch) and P.Y. Wong
(Mathematics and Computation Branch)

We have developed a useful, analytic approximation that provides reasonable
estimates of neutron and high energy photon yields from targets of any
material and thickness.

A systematic examination of the forwardly transmitted bremsstrahlung spectral
shapes calculated by us (Chan et al., Nucl. Instr. & Methods in Physics
Research B10/11 (1985) 419) with the Monte Carlo technique (Berge and Seltzer,
Phys. Rev. C2_ (1970) 621) showed that these could be approximately represented
by the expression

N(E ) = ^ (-2- 1) (1)
' Eo y

where N(Ey) is the number of photons per MeV at energy Ey, Eo is the
initial kinetic energy of the incident electron and

= / (dE/dX)rad . « (2)
AE

is the radiative loss, for a target that results in a total energy loss of AE.

The maximum target thickness that contributes to photons of energies above the
photoneutron threshold is that which prduces an energy loss of AE = Eg ~
Ey>n threshold. Then integrating over the target thickness, the neutron
yield is

vy -
(Ev}
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where E-y x n and EyT are macroscopic photoneutron and total
cross sections respectively and L is the target thickness in cm.
Eq. 1 the total neutron yield is

2«A
Y =
n

rad - y (E )
Y 1 - e

absorption
Then using

(4)

0

The table shows a comparison of the neutron yields calculated with Eq. 4 and
the detailed Monte Carlo calculations, which show good agreement with measured
yields. It is encouraging that this simple method provides reasonable esti-
mates of neutron and the forwardly emitted high energy bremsstrahlung yields.
Quite often such estimates are sufficient for preliminary assessments.

Table 1 Neutron Yields Per Incident Electron From Ta

MeV

10

15

25

Target
Thickness

MeV

2.3
max

5.2
7.5
max

11.0
17.5
max

Monte Carlo

0.1E - 5
0.22E - 4

0.50E - 4
0.90E - 4
0.67E - 3

0.54E - 3
0.11E - 2
0.52E - 2

Eq. 4

0.1E - 5
0.22E - 4

0.54E - 4
1.1E - 4
0.8E - 3

0.59E - 3
0.14E - 2
0.54E - 2

3.32 Parity Violation in the Photodisintegration of Deuterium

E.D. Earle and S.H. Kidner with H. Keech (Mathematics and Computation
Branch) and A.B. McDonald (Princeton University)

Analysis of the previously recorded data (PR-P-140: 3.34; AECL-8648) on parity
violation following deuterium photodisintegration is continuing. It has been
verified that electron-energy variation is the major contributor to non-
statistical fluctuations. A procedure to correct for this variation has been
introduced and it reduces the error on the parity violation signal by more
than 30%. Unfortunately the correction Introduces additional effects which
are correlated with beam intensity. These correlations must be isolated and
corrections applied.
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The polarized electron source has been installed in Bldg. 115 where improve-
ments to the evacuation system, vacuum monitor and cesium tip have been made.
These improvements will be tested and operating experience obtained before the
source is used in an accelerator environment.

3.33 Gamma-Ray Background in the Creighton Mine

E.D. Earle and members of the Sudbury Neutrino Observatory (SNO)
Collaboration

Gamma-ray measurements have been made at several locations in the Creighton
nickel mine near Sudbury. It has been determined that the Norite rock to the
west of the ore body has the lowest background. The gamma-ray background is
tabulated in Table 2. Gamma rays from neutron capture and internal activity
in the detectors dominated and even though spectra with counting times of 100
h were recorded, the statistical accuracy of the corrected spectra is poor.

Table 2 Gamma-Ray Flux in Norite

Energy Range
(MeV)

1.461 (K)
2.614 (Th)

4.4 - 5.0
5.0 - 5.6
5.6 - 7
7 - 8
> 8

(m

5.6
1.8

510

260
180

lux
day"1)

x 10^
x 109

± 200
< 300
± 120
± 90
< 20

The neutron flux was independently measured to be 3000 thermal neutrons
m day and rock samples were assayed for K, Th and U. The y-ray flux calcu-
lated using the measured neutron flux, the known elemental content of the rock
and neutron-capture cross section and y-ray compilations was consistent with
the measured flux.

3.34 Light Transmission in D2O

E.D. Earle with L.P. Boivin, W.F. Davidson, R.S. Storey and D. Sinclair
(National Research Council of Canada)

Published reports on the measured absorption of light in D2O (A.C. Tam
and C.K.N. Patel, Appl. Opt. JJL (1979) 3348) indicate that the attenuation
length of light in the region of 450 run is only 12 m as compared to 40 m in
H2O. If correct, the light signal reaching phototubes in a large (10 m
diameter) D2O Cerenkov detector would be significantly attenuated, making a
large D2O neutrino detector much less practical.
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The light attenuations of 50 cm of H2O and of AECL's D2O was measured at
mercury vapour wavelengths and are tabulated in Table 3.

Table 3: Light Attenuation Coefficients in H2O and D2O

X(nm)

578
546
436
406
366
313
254

9.2
5.8
1.3
1.1
1.4
4.1
15.2

a(10-2t

H2O

± 0.7
± 0.7
± 0.7
± 0.7
± 0.7
+ 0.7
± 4.2

D2O

1.1 ±
1.2 ±
2.4 +
2.6 ±
3.7 ±
8.9 +
32.7 ±

0.7
0.7
0.7
0.7
0.7
0.7
4.7

The H2O results are consistent with the literature. They are, if anything,
slightly smaller, justifying the extraordinary efforts taken to purify the
H2O. The D2O results are significantly lower than all published D2O attenua-
tion coefficients and attest to the purity of AECL's D2O. An independent
measurement by H. Sobel, University of California, on other AECL samples con-
firmed our results. In the frequency range of high photocathode sensitivity
the attenuation length in our D2O sample is 30 m, quite acceptable for the
proposed neutrino observatory.

3.35 A Feasibility Study on a Large D2O Neutrino Observatory

E.D. Earle with members of the SNO collaboration

A feasibility study on using 1000 t of D2O in an acrylic tank at 2070 m in the
Creighton mine near Sudbury as a neutrino detector is complete and written.
The physics objectives of the experiment are indicated, a conceptual design
proposed and estimates of the various signals and backgrounds reported in
detail. The results of a variety of measurements were required to support our
conclusions and these are summarized in the study.

The next step will be to begin a detailed engineering design with particular
attention to several important parameters which must be known before the full
potential of the detector can be determined. At this stage the estimated
capital cost of the detector excluding the cost of cavity construction and D2O
insurance is $ 8 M.

3.36 Programmable High Voltage Power Supply for the Neutrino-Mass Experiment

M.W. Montaigne, J. Scott-Thomas and M.A. Lone with R.L. Graham (Nuclear
Physics Branch)

A separately adjustable, three voltage, computer programmable, high voltage
power supply has been installed in the iron-free magnetic spectrometer in
Bldg. 136. Two of the voltages have a value of plus and minus 0-3000 V D.C.
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biased by a third voltage of 0-6000 V D.C. The 0-6000 output voltage is used
for pre-acceleration of electrons and the +/- 0-3000 V is used for spectro-
meter dispersion compensation. The input programming voltages are 0 - 10 V
with the full output voltage of 6000 V occurring with 9 V input and the full
output voltage of + or - 3000 V occurring with 7 V input. The output voltage
drift was measured at less than 50 mV.h" .

3.37 Standard Bus Data Acquisition and Controller System

M.W. Montaigne

A computer program including a built in monitor, has been written and instal-
led in EEPROM for the Mostek MDX-CPU3 card. This program automatically logs
in to the central computer, downline loads an Intel hex file, and executes
that file. The first application for this micro computer system to be written
by G. McQuade will be used by the Mathematics and Computation Branch as a net-
work access monitor to keep track of computer access.

3.38 Inexpensive Z80 Based General Purpose Controller

M.W. Montaigne with J.F. Steljes (Mathematics and Computation Branch)

A four chip (plus two memory chips) Z80 computer-based controller has been
developed for various functions around CRNL. The computer has 2 K or 8 K of
memory expandable to 64 K, a serial port and two 8 bit parallel ports expan-
dable to 12 - 8 bit parallel ports. The system is designed to be supported by
the central computer so that no separate development system should be
required.

3.39 Ge Detectors

R.J. Toone

Three Ge detector systems were pumped out and tested, two for Reactor Loops
Branch and one for Fuel Engineering Branch. Residual gas analyses on a series
of commercial detector cryostats were completed. The cause of the problem was
identified and a report recommending corrective procedures was written to com-
plete the contract.

3.40 Bragg-Curve Spectrometers

R.J. Toone with D. Horn (Nuclear Physics Branch) and L. Potvin
(McMaster University)

The shell design for a pentagonal Bragg-curve spectrometer for the 72-element
system (PR-P-140: 3.42; AECL-8648) has been modified to reduce the profile and
minimize the inactive volume of the assembly. Two 0.75 mm thick shells are
epoxied one inside the other to provide a 0.75 mm step which accommodates a
stainless steel window frame with a profile of 0.75 mm in the target direc-
tion. This frame which supports the wire grid supporting the window is
anchored by 0.25 mm thick stainless steel straps to the clamping ring behind
the sclntillator at the rear of the assembly (PR-P-141: 2.16; AECL-8849).
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3.41 Source Holder for the Neutrino Mass Experiment

R.J. Toone, S.H. Kidner and M.W. Montaigne with R.L. Graham and G. Audi
(Nuclear Physics Branch)

First tests of the vacuum-feedthrough design for the multlstrip-source holder
are in progress. The feedthrough conductors are printed circuit elements on
a 50 cm diameter flexible polyimide sheet. The feedthroughs are to be made
vacuum tight by sealing this sheet at 200°C to a second, polyester-coated
polyimide sheet. To do this a 60 cm x 60 cm x 10 cm oven has been construc-
ted. The sheets will be clamped between 38 cm diameter metal rings to provide
the 2 MPa sealing pressure. The oven controller thermocouple senses the
temperature at the heating elements while the sealing temperature is monitored
by a thermocouple in a clamping ring. A test seal on a scaled-down model
proved to be vacuum tight.

3.42 Gas Counters

G.A. Tapp, W.M. Inglls, M.A. Gulick and H.C. Spenceley

Tests of the 3He-counter filling system (PR-P-140: 3.43; AECL-8648) have shown
that the diaphragm pump can give compression ratios between 7 and 10 to 1 at
typical filling pressures.

A gas-flow counter was modified and rebuilt for Dosimetric Research Branch.
An improved version of this counter has been designed and built and is ready
for assembly and testing.

Wires were replaced in counters for Dosimetric Research Branch, Environmental
Research Branch, and in two 47i|3 counters used for radionucllde metrology.

3.43 Relocation of the Radionuclide Metrology Laboratory

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

During the period the radionuclide metrology laboratory was moved from Bldg.
114 to Bldg. 115. The move served two purposes; to provide much needed space
to Nuclear Physics and TASCC Operations Branches and to make the data acqui-
sition system developed for radionuclide metrology available for detector
development as well.

The PDP-8 based SUCCESS system used for 18 years of detector development was
dismantled and only the X-Y scanner retained. The counting-room floor was
reinforced to support five lead castles with a total mass of 7 t. Cable trays
and a beam with an overhead hoist were installed and lights, shelves and power
conduit relocated. Dismantling, moving and reassembling the lead shielding,
two sample changers, five racks of electronics, computer peripherals, cup-
boards and supplies took about a month. Most systems were operational at the
end of the period.
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3.44 System Modifications and Improvements

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

Numerous equipment changes were made when the radionuclide metrology labora-
tory was moved (PR-P-141: 3.43; AECL-8849). Some were required by the move,
others were done to take advantage of the shutdown.

The newly-reinforced floor is strong but neither flat nor level. A new main
baseplate plus individual baseplates with levelling screws for the two castles
were made for the ion-chamber sample changer. A new baseplate and levelling
screws were added to the Ge spectrometer castle. Pins were added to the hori-
zontal and vertical drives of the ion-chamber sample changer to provide mecha-
nical stops. These give more positive sample location and make the adjustment
of the controlling microswitches much less critical. Improved shielding has
been designed for the source stack of the 4-np-y coincidence sample changer and
is ready to be installed.

A new interface to connect the X-Y scanner to the PDP-11 system has been
designed, tested and installed but the associated software has still to be
completed. A new ion-chamber controller and DVM interface has been designed,
built and bench tested. It is CAMAC compatible with optically isolated con-
nections to the ion-chamber electronics.

Much of the NIM electronics has been rearranged in the racks and the AC power
and ground connections rewired to minimize noise pickup. A second MCA and a
plotter have been acquired as part of the replacement for the SUCCESS system.

Improvements in software include file restructuring and the successful addi-
tion of a polynomial fitting program.

9n
3.45 The Half-life of Sr

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

A recent evaluation has shown that the nine published values for the half-life
of Sr are highly inconsistent (P.W. Gray and T.D. MacMahon, Imperial College
Reactor Centre report ICRC/85/2), principally because one of the lowest
results has a quoted uncertainty an order of magnitude smaller than the
others. Thus a weighted mean is not useful because it effectively rejects all
the other measurements. The evaluators recommend a half-life of 28.7 ±0.2 a
but conclude that more measurements are required.

90
At CRNL Sr sources have been used for routine tests of plateau and dead-time
characteristics of 4TCP counters for about 30 years. Much of the oldest data
has been lost but a lot is retrievable. An uncritical look at a small frac-
tion of it gives a preliminary half-life value of 28.7 + 0.1 a. An evaluation
of the quality of each datum and a careful inspection of the residuals for
systematic deviations will be needed to assess the reliability of the half-
life derived from these records.
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10 9
3.46 International Comparison of Cd_

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

This was a trial comparison among six laboratories organized by the BIPM to
reveal any unforeseen problems that should be resolved before holding a full-
scale comparison. Cd (t^/2 " 463 d) decays by electron capture to 40-s

Ag m which decays by gamma-ray emission (88 keV, 3.7%) and internal con-
version (96.3%) to Ag. The isomeric state precludes activity measurements
by (x,y) coincidence counting. Activities deduced from conversion electron
measurements are relatively insensitive to the uncertainty in the internal
conversion coefficient, a(a = 26.4 ± 0.5), since the fraction decaying by
internal conversion is a/(l + a ) , but the low-energy tail of the conversion-
electron spectrum must be accurately separated from the Auger spectrum from
electron capture. Since the fraction decaying by gamma-ray emission is 1/(1 +
a) the full 2% uncertainty in a would apply to activities deduced from gamma-
ray measurements. Measurements at CRN!.avoided these problems by preparing
13.4-h Pd (which beta decays to Agra) by neutron irradiation of Pd
enriched to 86% in Pd. Pd was standardized by 4-rtp1 counting beta
particles and conversion electrons and Cd was determined by comparing the
88 keV gamma-ray emission rates of sources of the two nuclides.

10 9
The Cd was supplied by the NAC, Faure, and distributed by the OMH,
Budapest. A preliminary report was presented at a meeting at the BIPM, Sevres
in 1985 June. The CRNL results for the Cd activity concentration on the
reference date, (1184.5 + 6.5) k Bq. g~ , is in good agreement with the mean
value from the six laboratories, (1187.6 ± 2.4) k Bq.g" , the difference being
(0.26 ± 0.58)%. The trial comparison was considered a success and a full-
scale international comparison will take place early in 1986.

3.47 Standards Issued

R.H. Martin

(a) Sources

Co - Nuclear Physics Branch (2)

"? " (2)
I - Dosimetric Research Branch (3)

[tlte + Eu - Electronics Branch (Darlington G.S.) (2)
Eu - Fuel Engineering Branch

(b) Solutions

Na - Dosimetric Research Branch
Sr - Environmental Research Branch

An uncalibrated solution of Yb was prepared from irradiated Yb and
purified by ion exchange to prepare energy and line-width reference sources
for the neutrino mass experiment.
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The mixed Ba and Eu sources prepared for Darlington G.S. consisted of
certified activities uniformly distributed in a gel sealed in stainless steel
sample tubes. Complete specifications and certificates of traceability to
international standards were supplied to meet quality assurance requirements.

3.48 Miscellaneous Services

M.A. Gulick and R.J. Toone

Thirteen slices were cut at specified angles from large Si crystals for
Section I. A large number of quartz sample holders and lengths of quartz
tubing have been thinned to requested dimensions by dissolution in HF (Section
I and Solid State Science Branch). Ten quartz windows were cut for Section I.

Thirty two ionization gauges were rebuilt and 12 spare filaments supplied to
TASCC Operations Branch. Two sets of Si disks were cut for TASCC sputter ion
sources. Six pieces of alumina tube were cut for Electronics Branch.

3.49 Glassblowing Shop

J.G. Wesanko and D.A. Doering

Twelve reaction filter flasks ^nd two dissolver vessels were built and 50
headers were modified for the Mo program. Two 5 cm diameter * 70 cm conden-
sers containing steel helices were made for Xe gas recovery and six sample
flasks, six columns and two gas liquid separators fitted with pH and conducti-
vity probes were supplied for other gas analyses in System Materials Branch.

Two water-cooled, separated-bed columns were constructed for catalysis studies
(Physical Chemistry Branch) and three silvered and vacuum-baked dewars were
made with rectangular tubing for the bottom 8 cm for positron-lifetime studies
of irradiated metals (Materials Science Branch)

Five welding lenses were ground to fit a borescope for repairs inside the NRU
calandria. Four 3-m glass columns joined to steel bellows, two mercury-valve
release devices and a perforated glass column were made for testing Slowpoke
III safety systems (Mechanical Equipment Development Branch).

For fuel studies 53 samples were encapsulated (Fuel Materials Branch), 30
quartz boats were made for oxidation tests (Fuel Engineering Branch) and a
vacuum system was modified for mass spectrometry of gases from UO2 pellets
(General Chemistry Branch).

An iodine extraction system was constructed for Radiation and Industrial
Safety Branch.
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3.50 Machine Shops

A.H. Hewitt and H.C. Spenceley

An externally rotatable analyzer table with micrometer adjustment was designed
and made for the polyethylene block neutron detector shielding assembly. The
support for this assembly was designed for construction in the main shops. A
66-cm long Cd-faced collimator insert incorporating a 7.6 en long Be filter
was made to supplement the LN2 filter at N-5. A Cd-covered soft iron magnet
assembly was made for the Heusler alloy polarizer (PR-P-141: 3.25;
AECL-8849). Other work included a new stand for the pipeline steel section
(PR-P-140: 3.18; AECL-8849), repairs to a motorized gate assembly and single
crystal specimen mounts.

During the period 25% of the Bldg. 116 shop effort was spent on disassembling,
modifying and reassembling the sample changers and associated equipment when
the radionuclide metrology laboratory was moved from Bldg. 114 to Bldg. 115
(PR-P-141: 3.43, 344; AECL-8849). The remaining time was divided among
Bragg-curve spectrometer parts, other counter parts and the neutrino mass
experiment (20% each) the glass shop (10%) and Section II (5%).

3.51 Mounting Assembly for the Multi-Strip Tritium Source

R.J. Toone et al.

See PR-P-141: 2.3; AECL-8849

3.52 Measurement of Source Strip Voltages Needed for the Neutrino-Mass
Experiment

M.A- Lone et al.

See PR-P-141: 2.6; AECL-8849

3.53 Multiparticle Facility

J.G.V. Taylor et al.

See PR-P-141: 2.16; AECL-8849

3.54 Working Prototype for the Proposed Phase II Multiparticle Facility

R.J. Toone et al.

See PR-P-141: 2.18; AECL-8849

0 "\ R

3.55 Preparaton for a Measurement of (Y,Y) Spectrum of U Below the
Fission Threshold

J.W. Knowles et al.

See PR-P-141: 5.12; AECL-8849
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3.56 Low Energy Electron Transmission and Scattering from Thin Films

M.A. Lone et al.

See PR-P-141: 5.21.1; AECL-8849

3.57 Forward Scattering of Low Energy Electrons in a Thin Film of
Polypropylene

M.A. Lone et al.

See PR-P-141: 5.21.2; AECL-8849

3.58 Beam Loading Effects of a 10 MeV Pulsed Electron Linac

M.A. Lone et al.

See PR-P-141: 5.21.3; AECL-8849

3.59 Electron Dose Distribution in a 10 ml Polymer Vial at 200 kV

M.A. Lone

See PR-P-141: 5.21.4; AECL-8849

3.60 Neutron and Gamma-Ray Shielding Calculations

M.A. Lone et al.

See PR-P-141: 5.21.5; AECL-8849

3.61 A Study of Energy Loss and De-Channeling of High Energy Particles in a
Bent Silicon Crystal

R.J. Toone et al.

See PR-CMa-68: 1.2.4; AECL-8857

3.62 Deflection of a GeV Particle Beam by Ge Crystals Coated with ZnO

R.J. Toone et al.

See PR-CMa-68: 1.2.5; AECL-8857

3.63 Crystallographic Texture and Strain Measurement in Zircaloy-2 Calandria
Tube Material

T.M. Holden and B.M. Powell et al.

See PR-CMa-68: 4.4.13; AECL-8857
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3.64 Publications and Lectures

Publications

SPIN FLUCTUATIONS AND MOMENT FORMATION IN ACTINIDE MATERIALS
W.J.L. Buyers, J.A. Jackman and T.M. Holden
Proceedings of the 1984 Workshop on High-Energy Excitations in Condensed
Matter, Volume I, Los Alamos, New Mexico, 1984 February 13-15

NEUTRON SCATTERING FROM SPINS AND PHONONS IN ACTINIDE SYSTEMS
W.J.L. Buyers and T.M. Holden
Handbook on the Physics and Chemistry of the Actinides, edited by A.J.
Freeman and G.H. Lander, (Elsevier Science Publishers, B.V.) 1985

EPILOGUE EXPERIMENTAL
W.J.L. Buyers
J. Magn. Magn. Mater. 47&48 (1985) 602

COLLECTIVE EXCITATIONS
C.G. Windsor, W.J.L. Buyers, R.A. Cowley, R. Robinson and S.M. Shapiro
in "Scientific Opportunities with Advanced Facilities for Neutron Scat-
tering", eds. G.H. Lander and V.J. Emery (National Technical Information
Center, U.S. Department of Commerce, Springfield VA 22161) p. 25

ORIENTATIONAL DISORDER AND THE PHASE TRANSITION IN HEXAFLUOROETHANE
B.M. Powell, W. Press, G. Dolling and V.F. Sears
Mol. Phys. _53_ (1984) 941 (no. 4)

EXPERIMENTAL STUDY OF LATTICE DYNAMICS IN LaB6 AND
H.G. Smith, G. Dolling, S. Kunii, M. Kasaya, B. Liu, K. Takegahara,
T. Kasuya and T. Goto
Sol. St. Commun. 5_3_ (1985) 15

INTERNAL STRAIN MEASUREMENTS ON OVERROLLED COLD-WORKED Zr 2.5wt.% Nb
PRESSURE TUBES BY NEUTRON DIFFRACTION
T.M. Holden, B.M. Powell, G. Dolling and S.R. MacEwen
Proceedings of the 5th Riso International Symposium on Metallurgy and
Materials Science
1984 September 3-7

ASSESSMENT OF RESIDUAL STRESSES IN INCOLOY 800 TUBING USING X-RAY AND
NEUTRON DIFFRACTION
R. Holt, J.E. Winegar, B.M. Powell, G. Dolling and T.M. Holden
Proceedings of the 5th Riso International Symposium
on Metallurgy and Materials Science, 1984 September 3-7
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A NEW MEDIUM FLUX NEUTRON SOURCE FOR PURE AND APPLIED RESEARCH
G. Dolling and R.F. Lidstone
Proceedings of International Conference on Neutron Scattering in the
'90's, Julich,
Germany, 1985 January 14-18

NEUTRON INELASTIC SCATTERING AS A PROBE OF MOMENTS IN METALLIC SYSTEMS
T.M. Holden, in "Moment Formation in Solids", ed. W.J.L. Buyers
Plenum, New York, (1984)

Lectures

Vacancy Formation Energies in Disordered Alloys
S.M. Kim
7th International Conference on Positron Annihilation
New Delhi, India, 1985 January 6-11

A New Medium Flux Neutron Source for Pure and Applied Research
G. Dolling and R.F. Lidstone
I.A.E.A. Meeting at Ju'lich, W. Germany, 1985 January 14-18

The Saga of Bose Condensation in Superfluid Helium
E.C. Svensson
National Bureau of Standards, Washington, D.C., 1985 January 28

The Saga of Bose Condensation in Superfluid Helium
E.C. Svensson
University of Maryland, Chapel Hill, Maryland, 1985 January 29

The Saga of Bose Condensation in Superfluid Helium
E.C. Svensson
University of Delaware, Newark, Delaware, 1985 January 31

Neutron Scattering Studies of the Bose Condensate in Superfluid Helium
E.C. Svensson
National Bureau of Standards, Washington, D.C., 1985 February. 3

Heavy Fermion Superconductivity
W.J.L. Buyers
U. of Alberta, Edmonton, Alberta, 1985 February 28

Suitability of Canada's Stockpile of D2O for a Deep Under-Ground
Neutrino Detector
E.D. Earle
Feasibility Study Meeting, Toronto, Ontario, 1985 March 2

Two Talks on Energy and Electricity
E.D. Earle
Bishop Smith High School, 1985 March 5
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Collective Excitations in SFg: an Orientationally Frustrated Solid
B.M. Powell, M.T. Dove, G.S. Pawley and G. Dolling
Symposium on Monte Carlo and Molecular Dynamics Studies, Division of
Chem. Phys. of A.P.S., Baltimore, Maryland, 1985 March 25-29

Neutron Diffraction From Welds
T.M. Holden
Up-date '85. (New development and Technology)
Toronto, 7 May 1985

Neutron and Bremsstrahlung Yields from 5-25 MeV Electrons on Natural
Element Targets of Various Thicknesses
M.A. Lone, K.C.D. Chan and P.Y. Wong
International Conference on Nuclear Data for Basic and Applied
Science, Sante Fe, New Mexico, 1985 May 13-17.

Photon Strength Functions
M.A. Lone
4th International Symposium on Neutron Induced Reactions
Bratislava, 1985 June 17-21

Superfluid Helium - A Most Fascinating Material
E.G. Svensson
American Association of Physics Teachers Conference, McMaster
University, Hamilton, Ontario, 1985 June 20-22

The Condensate Saga
E.C. Svensson
CAP Annual Congress '85, Fredericton, N.B., 1985 June 23-26
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4.2 Local Field Refinement of Neutron Scattering

V.F. Sears

The work described in the last report [PR-P-140:4.3 (AECL-8648)] has been
completed and will be published in Z. Phys. A.

4.3 Optimum Counting Times in Experiments Governed by Poisson Statistics

V.F. Sears

The question of the optimum choice of counting times in thermal-neutron scat-
tering experiments, or any experiments in which the precision is governed by
Poisson statistics, has been investigated on the basis of the statistical
theory of errors. We find that a significant improvement in statistical pre-
cision can be achieved in both scattering and transmission experiments by
such optimization. For transmission, even larger improvements can be
obtained by optimizing both the counting times and the sample thickness.
This work will be published shortly in Nucl. Instrum. Meth. B.

4.4 Fizeau Effect for Neutrons

V.F. Sears

In a recent article, Arif et al. (Phys. Rev. A 31(1985)1203) have attempted
to measure the Fizeau effect for thermal neutrons transmitted through a
moving slab using a perfect-crystal neutron interferometer. When the slab is
moving in a direction parallel to its boundaries (so that there is no motion
of the boundaries themselves) the phase shift due to the motion of the slab
is proportional to dV/dE where V is the optical potential that describes the
effective interaction of the neutrons with the slab and E is the incident-
neutron energy. In the elementary theory V is given by the mean value of the
Fermi pseudopotential and, hence, is proportional to the nuclear scattering
length b. If b is independent of E then dV/dE = 0 and the Fizeau phase shift
vanishes. This was found to be consistent with the experimental results for
a fused-quartz slab and an incident-neutron wavelength \ = 1.268 A which gave
an upper bound jdV/dfiJ £ 2.1 x 10 .

We have shown that a non-vanishing Fizeau effect will occur when one takes
into account the local-field effects (Sears, Phys. Rep. 82(1982)1) that are
neglected in the elementary theory for V. We find that dV/dE is of the same
order of magnitude as the above upper bound at long wavelengths (\ > 13 A)
but that at short wavelengths (\ = 1 A) it is much smaller (= 10" ). This
work has been accepted for publication as a Comment in Phys. Rev. A.

4.5 Neutron Scattering Lengths and Cross Sections

V.F. Sears

An updated version of the report "Thermal-neutron scattering lengths and
cross sections for condensed-matter research" (AECL-8490, 1984) has been
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prepared for inclusion as an Appendix in the book "Neutron Scattering" edited
by K. Skold and D.L. Price which will be published by Academic Press.

4.6 Penetration of Heavy Ions in Solids

K.B. Winterbon

Because two instances were noted in the recent literature of authors having
to guess at the fluctuation in numbers of vacancies produced in a collision
cascade, it was decided to obtain numerical solutions to the equation derived
earlier (K.B. Winterbon, Radiation Effects 60(1982)199). Computer programs
were written embodying two methods - one semi-analytic using a series in
descending powers of energy, the other a numerical solution of an
integro-differential equation. Results obtained by the two methods were
found to agree very well. The relationship of the new work to earlier
results of Lehraann (Nukleonik 3(1961)3) is being investigated; the present
work is believed to be more general, including, for example, the effects of
electronic stopping.

Cohen (J. Math. Phys. 25(1984)2402) has shown how to obtain families of two-
dimensional densities having given marginal single-variable densities (i.e.
two-dimensional densities with one of the dimensions integrated out). His
method may be used to obtain two-dimensional densities from moments, includ-
ing mixed moments. A program has been written to implement it. The program
appears to be working satisfactorily.

4.7 A Chiral Soliton Model for Nucleons with Quantum Pions

M. Harvey, K. Goeke and J. Urbano

In previous work [PR-P-139:4.9 (AECL-8554), PR-P-140:4.5 (AECL-8648)] the
solution of a chiral soliton model for nucleons with quantum pions was con-
sidered in the time-dependent formalism. The resulting structure suffered
the unfortunate property of violating time-reversal invariance. The model
has now been reformatted in the "conjugate-momentum" representation in which
time reversal symmetry is satisfied.

We have now also discovered how to construct coherent many-pion states for
baryons which have good spin and iso-spin quantum numbers. The formalism
involves a coherence-parameter x which determines the mean number of pions in
the state. This coherent state formalism is an alternative to the "hedge-
hog" coherent state used in the literature (c.f. M.C. Birse and M.K.
Banerjee, Phys. Lett. 136B(1984)284) which has a predetermined number of
pions and for which projection of good quantum numbers is required. Our
approach therefore leads to a much more flexible theory.

Computer programs have been written and used to discover the general proper-
ties of the coupled set of non-linear differential equations which must be
solved to get physical observables. We find that, for a particular value of
the coherence parameter x o, the deviations from the "chiral-circle" is a
minimum. At this point the values for observables are very similar to those
derived from the hedge-hog ansatz which, with the exception of the axial vec-
tor coupling constant, are similar to experimental data.
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For small values of x, the solutions have properties which defy our intuitive
understanding of the way the system should behave in this limit. In
addition, the total energy does not minimize at x = x o. We are still
seeking an understanding of the underlying field theory to see whether some
fundamental criterion exists that limits us to the chiral-circle (thus
eliminating the need for an energy minimization principle). We are also
considering whether the results are only a property of the particular chiral
Lagrangian assumed.

4.8 Magnetic Properties of the Deuteron

I.S. Towner and K. Lundgren

A full coupled-channel calculation of the ground-state wavefunction of the
deuteron and the n-p scattering state wavefunction including isobar configur-
ations is being undertaken. The nucleon-nucleon interaction is the one-
boson-exchange potential with mesons it, p, a) and the fictitious scalar meson,
a, that simulates 2it exchange. The coupling constants, g w and gCT, of the
CJ and a mesons are adjusted so that the deuteron binding energy and the zero-
energy scattering length are correctly reproduced. Coupling to the isobar
channels is introduced with transition potentials derived from n and p
exchange potentials using the quark model. Smaller values of g^ and g a

are needed when isobar channels are included in the calculation.

Cross sections for the radiative neutron capture, n+p-Md+y, and magnetic elas-
tic electron scattering from the deuteron are being calculated with these
wavefunctions. Meson-exchange electromagnetic currents, MEC, are responsible
for about 10% of the np capture cross section (an isovector Ml transition)
but are much smaller in elastic electron scattering where they involve iso-
scalar currents. Indeed isoscalar MEC are quite model dependent, since they
are not dominated by long-range n exchange; it will be possible to investi-
gate different models when these calculations are compared with recent exper-
imental data.

4.9 Hard-pion Model of Axial-Vector Meson-Exchange Currents

I.S. Towner

In vector meson dominance models the coupling of a photon to a nucleon is
mediated through a vector meson of the same quantum numbers as the photon,
namely the p-meson. Likewise the coupling of an axial-vector current to a
nucleon is mediated through the Ai meson. Thus the Ai meson plays an impor-
tant role in the theory of axial-vector currents. The response of the
nucleus to an axial-vector probe is mainly described in terms of single
nucleon responses (impulse approximation). Important corrections arise how-
ever from two-nucleon responses (meson-exchange currents, MEC).

We have been using the hard-pion model of Ivanov and Truhlik (Nucl. Phys.
A316(1979)437) to calculate the axial-vector MEC. This model is based on a
chirally-invariant Lagrangian for the Ajpii system. It is the first approach
that brings the Aj meson actively into the calculation.
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To estimate the size of the MEC corrections to Gamow-Teller matrix elements,
we have computed the contributions for simple closed-shell-plus (or minus)-
one nucleon configuration. Our results indicate these corrections are typi-
cally at the few percent level, and not in themselves sufficient to explain
the observed quenching in the single-particle matrix element. However, when
augmented with nuclear structure corrections, a consistent picture emerges.

4.10 Corrections to Fermi [3-Decay Matrix Elements

l.S. Towner with J.C. Hardy (Nuclear Physics Branch)

A review of experimental data on superallowed Fermi (3-decay (see PR-P-140:4.6
(AECL-8648)) indicates a puzzling discrepancy between the low-Z data and the
high-Z data. This has prompted us to re-examine the correction to the Fermi
matrix element from charge-dependent effects. There are two components to
this correction: one arises from charge-dependent configuration mixing with
other 0 states, the second from small differences in the radial wavefunc-
tions of neutrons and protons. We have re-examined just the first correc-
tion, which was originally calculated by us in 1973 (Towner and Hardy, Nucl.
Phys. A205(1973)33).

The calculation involves estimating the effects of Coulomb and charge-depen-
dent nuclear forces on the spectrum of 0 + states in a truncated shell-model
space. This time, we are using the same model space as before but have
adjusted the strength of the Coulomb interaction and the charge-dependent
nuclear force so that the experimentally known parameters of the isobaric
mass tnultiplet formula for the triplet of ground state masses are reproduced.
This we believe ties down the effective strength of the charge dependent
force in a truncated model space. Our results for the correction to the
Fermi matrix element are significantly different from our 1973 results but
not in any systematic way. It is unlikely this calculation will resolve the
puzzling discrepancy.

4.11 A Symmetry-Preserving Analytic Regularization for the Triangle Anomaly

H.C. Lee with R.B. Mann (University of Toronto)

An analytic regularization procedure that possesses the power of dimensional
regularization, leaves the algebras of the Dirac matrices and the Poincare
group (or any other internal symmetry) intact, and preserves gauge invariance
has been devised and used successfully to compute the triangle anomaly in
quantum electrodynamics. Work, to demonstrate that the new regularization can
be used to compute anomalies in supersymmetric theories is in progress.

4.12 Gauge Invariance of the One-I oop Effective Potential in M x S
Kaluza-Klein Theory

H.C. Lee with G. Kunstatter (MIT and Univ. of Toronto) and H.P. Leivo
(Univ. of Toronto)

By adjusting the Weyl factor in (d+1) dimensional Kaluza-Klein theory a one-
parameter family of gauges is obtained which give rise to propagating,

massive ghosts in the compactified theory on r x S . The one-loop Casimir
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energy of this vacuum is calculated for all values of the gauge parameter, S,
and arbitrary non-compact space-time dimension, d. As expected, the effec-
tive potential is attractive, is independent of S and coincides with results
obtained earlier in other gauges. The calculation confirms thp recent formal
proofs of Cohler and Chodos, and of Yasuda concerning the gauge independence
of the graviton one-loop effective potential. A paper on this work has been
submitted for publication.

4.13 Becchi-Rouet-Stora Identity and Spinor Ghosts in Axial Gauges

H.C. Lee and M.S. Milgram with G. McKeon (Univ. of Western Ontario)
and T.N. Sherry (National University of Ireland, Galway)

In axial gauges, when the gauge parameter is not zero, Faddeev-Popov ghosts
are not strictly decoupled from gauge fields, though usually they do not con-
tribute to loop integrals and the Becchi-Rouet-Stora (BRS) identity is
reduced to the normal Ward identity involving only Yang-Mills fields. An
interesting exception is the planar gauge, in which pairs of spinor ghosts
are employed to satisfy the BRS identity. A paper on the intricacies of this
special case has been submitted for publication.

4.14 Two Yang-Mills Theories in the Light-Cone Gauge

H.C. Lee and M.S. Milgram (Applied Mathematics Branch)

The one-loop renormalizability of the two-component (LCM2) and the four-com-
ponent (LCM4) formalisms of the light-cone gauge has been demonstrated by
constructing the complete one-loop counter Lagrangians. The Mandelstam-
Leibbrandt prescription was used to regularize the l/p+ factor. In LCM4 the
(one-loop) self-energy and three-vertex both have anomalous, unrenormalizable
ultraviolet divergences, but the counterterms associated with these diver-
gences cancel exactly, so that the total counter Lagrangians for the two for-
malisms are identical. An account of th s work has been submitted for
publication.

4.15 General One-Loop Three-Point Vertex in the Light-Cone Gauge

H.C. Lee and M.S. Milgram (Applied Mathematics Branch) with
G. Leibbrandt (Guelph University) and A. Andrasi (Ruder Boskovic
Institute, Zagreb, Yugoslavia)

Work is in progress on the calculation of the general one-loop three-point
vertex r^v^(p,q,p-q) of Yang-Mills theory in the light-cone gauge. The
objective is to consolidate the understanding of the theory obtained from
earlier calculations of the special three-point vertex r(Jv^(p,-p,0).

4.16 Tables of Light-Cone Gauge Feynman Integrals

H.C. Lee and M.S. Milgram (Applied Mathematics Branch)

A comprehensive set of two-point integrals for quantum field theories in the
.light-cone gauge with the Mandelstam-Leibbrandt regularization prescription
is being prepared.
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4.17 Herf-; Potentials and Their Gauge Transformations

M. Couture

A length1, report has been prepared giving a detailed discussion of the repre-
sentation of electromagnetic fields in vacuum in terms of Hertz vectors and
of their associated gauge transformations- Complete derivations of tn.e vari-
ous formulae expressing vacuum electromagnetic fields in terms of the elec-
tric and magnetic Hertz vectors are eiven for simply connected domains; mul-
tiple domains would require some ft. I T work. In order to use Hertz poten-
tials in a numeric*. - calculation it i' necessary to fix the gauge uniquely;
failure to do so can lead to computational difficulties. A method of gauge
fixing suitable for axially symmetric problems has been devised. The problem
of gauge fixing in the general three-dimensional case has been formulated,
but more work is still needed here.

A mathematical model for the numerical solutions of angular dependent fields
in axially symmetric cavities in terms of the magnetic Hertz vector in the
Coulomb gauge has been formulated. The model is so arranged that only first
derivatives of the potential are required on the boundary, a great computa-
tional advantage.

4.18 Modification of SUPERFISH

M. Couture

The mathematical model mentioned in the preceding item has been coded and
inserted into the previously constructed extension of SUPERFISH [PR-P-140:-
4.16 (AECL-8648)] for calculating azimuthally varying modes in axially symme-
tric cavities. For azimuthally constant modes the new model reduces to
SUPERFISH. The testing of the program is almost complete.

4.19 Spectrometer Modifications for Neutrino-Mass Experiment

G.E. Lee-Whiting

The realistic mathematical model of the electrified source disc [PP.-P-14O:
4.15 (AECL-8648)] has been programmed for the computer and thoroughly tested;
all series and integral representations converged sufficiently rapidly for
practical use. Accuracy was checked by comparison with the results calcula-
ted with the Fourier-Bessel representation, which converges rapidly at points
sufficiently far from the disc.

Calculated values of the electric field on the spectrometer's optic circle
were represented by cubic splines [PR-P-138:4.15 (AECL-8267)] and used in the
trajectory integrating routine [PR-P-137:4.13 (AECL-8106)] to calculate the
twenty most important aberration coefficients. The three parameters describ-
ing a second-order polynomial potential variation on the source disc were
adjusted to annul the first- and second-order aberrations dependent on posi-
tion in the extended source. T; was not necessary to include the "counter-
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fields" used with some earlier arrangements [PR-P-137:4.13 (AECL-8106)]. The
aberrations and the coefficents describing the variation of electric poten-
tial over the source are very close to the values calculated with the "sudden
approximation" [PR-P-136:4.15 (AECL-7982)], except for the coefficient des-
cribing the second-order dependence on horizontal position in the source.
The optimized value of this coefficient has the opposite sign to that given
by the "sudden" approximation. However, the effect is small and the coeffic-
ient may be put equal to zero for source dimensions currently assumed in the
experiment.

The final step will be to use realistic values of the electric field in the
Monte Carlo path-tracing program [PR-P-139:4.17 (AECL-8554)] to produce cal-
culated line shapes for the spectrometer with its electrified source. This
is even more crucial since Bergkvist has cast doubt on the usefulness of line
shapes measured with conversion electrons (K.-E. Bergkvist, Phys. Letts. 154B
(1985)224). To provide field information in sufficiently rapid form for the
Monte Carlo program a method has been devised of non-linear interpolation in
three-dimensional arrays of field values; it is now being tested.

4.20 Fermi ft-Decay: An Experimental Summary

I.S. Towner, with J.C. Hardy, V. Koslowski, E. Hagberg, H. Schraeing,
(Nuclear Physics Branch)

See PR-P-141:2.46 (AECL-8849).

4.21 Reports, Publications, and Lectures

Reports

A COUPLED-CHANNEL CALCULATION OF THE GROUND STATE WAVE FUNCTIONS OF THE
DEUTERON WITH ISOBAR
C.J. Morningstar
AECL-MISC-269

SOLUTION TO THE DRIVEN DIFFUSION OF A STEP BOUNDARY WITH A SOURCE TERM
R.H. Zee and G.E. Lee-Whiting
AECL-8482

YANG-MILLS THEORIES IN AXIAL AND LIGHT-CONE GAUGES, ANALYTIC REGULARIZATION
AND WARD IDENTITIES
H.C. Lee
AECL-8630 (1985) 85pp

Publications

ORIENTATIONAL DISORDER AND THE PHASE TRANSITION IN HEXAFLUOROETHANE
B.M. Powell, W. Press, G. Dolling, and V.F. Sears
Molec. Phys. 53(1984)941
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ATOMIC MOMENTUM DISTRIBUTIONS IN CONDENSED MATTER
V.F. Sears
Can. J. Phys. 63(1985)68

NEUTRON SCATTERING IN ALMOST-CLASSICAL LIQUIDS
V.F. Sears
Phys. Rev. A 31(1985)2525

EFFECTS OF A SOURCE TERM ON FORCED BOUNDARY DIFFUSION
R.H. Zee and G.E. Lee-Whiting
J. Appl. Phys. 57(6) - 1849 (1985)

INSIDE THE ATOM
M. Harvey
ASCENT Magazine 5(3) - 21 (1985)

TABLES OF DIVERGENT FEYNMAN INTEGRALS IN THE AXIAL AND LIGHT-CONE GAUGES
M.S. Milgram and H.C. Lee
J. Computational Physics 59(1985)331

ON THE AXIAL GAUGE: WARD IDENTITIES AND THE SEPARATION OF INFRARED AND
ULTRAVIOLET SINGULARITIES BY ANALYTIC REGULARIZATION
H.C. Lee and M.S. Milgram

J. Math. Phys. 26(7) (1985) 1793

Lectures

1) PHYSICS IN HIGHER DIMENSIONS - KALUZA-KLEIN THEORIES AND UNIFICATION
2) THE GHOST-FREE LIGHT-CONE GAUGE
H.C. Lee
Two talks given at Untv. of Western Ontario, 1985 February 26-27.
1) ON THE LIGHT-CONE GAUGE I. ANALYTIC RE&ULARIZATION OF FEYNMAN INTEGRALS
2) ON THE LIGHT-CONE GAUGE II. WARD IDENTITIES IN YANG-MILLS THEORIES
H.C. Lee
Two talks given at XXII Int. Conf. on High Energy Physics,
DDR-7010 Leipzig, 1984 July 19-25

WEAK INTERACTION PROBES OF LIGHT NUCLEI
I.S. Towner
Invited lecture at Third Int. Symp. on Mesons and Light Nuclei,
Bechyne near Prague, Czechoslovakia, 1985 May 27 - June 01.

MESON-EXCHANGE CURRENTS IN AXIAL-VECTOR TRANSITIONS
I.S. Towner
Invited lecture at Int. Symp. on Transition Moments in Nuclei,
Argonne, 1985 June 6-8
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THE ENERGY PROBLEM: CANADA'S NUCLEAR OPTION
M. Harvey
Invited talk at Joint Meeting of the Society of Physics Students, The
American Association of Physics Teachers and the American Physical Society,
Toronto, 1985 January 21.

THE NUCLEAR POWER DEBATE
M. Harvey
Public Affairs talk at the Terry Fox Centre, Ottawa (January 31) and to eight
High Schools in the Touro District, Nova Scotia (March 4-8).

THE CHIRAL SOLITON MODEL WITH QUANTUM PIONS
M. Harvey
given at Carleton University, Ottawa, February 04.

THE FUNDAMENTAL STRUCTURE OF MATTER
M. Harvey
Science Teachers Seminar, Chalk. River, April 12.

1) THE NUCLEAR POWER DEBATE
2) DEVELOPMENTS IN THE NUCLEAR INDUSTRY IN THE NEXT 25 YEARS
M. Harvey
Two Public Affairs talks given in three sessions at schools in the Simcoe
Region, Ontario, April 15,16.

MODELS FOR NUCLEON AND NUCLEAR STRUCTURE
M. Harvey
Invited talk at the Workshop of the Continuous Electron Beam Accelerator
Facility (CEBAF), Virginia, U.S.A., June 03.
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(1) Temporarily on assignment to the Research Company Task Force on Computing
effective 1985 February 1.

(2) On contract to Mathematics and Computation Branch, 1984 July 1 to 1985
March 31.

(3) Also Acting Head, Systems Section effective 1985 February 1.

(4) Terminated effective 1984 May 24.

(5) Joined Branch 1985 February 18; transferred from General Services
Division.

(6) Junior Summer Student, joined Branch 1985 May 21.

(7) Transferred to General Services Division effective 1985 February 11.

(8) Transferred to General Services Division effective 1985 May 27.

(9) Junior Summer Student, joined Branch 1985 June 11.

(10) Also Acting Branch Head effective 1985 February 1.

(11) Waterloo University Co-op Student, joined Branch 1985 January 7 and
terminated 1985 April 24; re-hired April 29.

(12) On maternity leave, 1984 October 18 to 1985 April 12; resumed duties
April 15.

(13) Reclasslfied from 'full-time, short term1 to 'regular part-time' effective
1985 April 15 (see item 12 above).

(14) National Summer Student, joined Branch 1985 May 1.
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5.2 CDC 3300 System

B.B. Ostrom

The 3300 system was decommissioned and removed from service 1985 May 11 freeing
up power distribution capacity and floor space for the new CYBER 180 Model 830
system. The front-end functions performed by the 3300 and its predecessor 3100
since mid-1965 were transferred to the CYBER 720.

5.3 CYBER 720 System

B.B. Ostrom

During the first half of 1985, the half-million words of Extended Core Storage
(ECS) formerly used by the 175/6600 system was hardware partitioned and one half
assigned to the 6600. The other half was assigned to the CYBER 720 system as a
system and swapping device, thereby improving the CYBER 720 system response. A
second 7155 disc controller and a single 844-41 disc drive were added,
increasing the online disc storage capacity from 922 to 1153 million char--
acters. The additional controller improves the communication between the main-
frame and the disc subsystem, and decreases the system response time.

5.4 CYBER 830 System

5.4.1 Hardware

B.B. Ostrom

In May 1985 a dual central processor CYBER 180 Model 830 with two million words
of memory was installed.

5.4.2 NOS 2.4 Operating System

B.B. Ostrom and W.J. Irving (Control Data Canada Limited)

Preparation of the NOS 2.4 system is close to completion. The 830 computer
running NOS 2.4 is intended as a replacement for the current 720 system running
NOS 1.4.

5.4.3 NOS 2.4 Utilities

C.J. Tanner

A package called Face of NOS was obtained from University of Washington. This
package contains a number of utilities which should improve the image of NOS to
its users. So far the only utility that has been installed is a bulletin board
program. With this program, users can create rooms or classes of messages, post
messages to a specific board and read messages created by other users. The Mail
program from this package will be installed during the next period. This is
more flexible than the current Mail program and allows users to post longer
messages.
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5.5 CAD/CAM

B.B. Ostrom

During the first half of 1985, the Plant Design Division Intergraph 751 computer
system was installed in the computer operations area of Building 508 and placed
in service.

5.6 Subroutine Libraries

5.6.1 CYBER 830 NOS 2.4

L.S. Yamazaki

AELIB/AELIB5 and IMSLIB/IMSLIB5 have been compiled and tested on the CYBER 830
system.

5.6.2 AELIB/AELIB5 Modifications

L.S. Yamazaki

Corrections were made to VISLW , the routine to calculate the viscosity of light
water, and BESGEN, a Bessel functions routine, and installed on the CDC 6600/175
and CYBER 720 systems.

5.6.3 AEL1B/AELIB5 New Routines

L.S. Yamazaki

Two new routines, THERMAL (to calculate the thermodynamic properties of light
water) and TRNSPRT (to calculate the transport properties of light water) have
been added to the FORTRAN 5 version of AELIB on the CDC 6600/175 and CYBER 720
systems.

5.6.4 POLSAW

L.S. Yamazaki

POLSAW, a FORTRAN 4 collection of routines to calculate properties of light
water and steam, has been corrected on the 6600/175 and CYBER 720 systems.

5.7 Programming Languages and Utilities

G.N. Williams

The system utility package, FILESET, which has been supported for over a year
under the NOS 1.4 operating system, was converted to operate under the NOS/BE
operating system. Modifications were made to the code so that FILESET files can
be understood and processed by both the NOS and NOS/BE operating systems. This
allows FILESET files to be moved between the two systems.
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5.8

5.8.1 Plotting Support

G.S. McQuade

FPLOT, a NOS program to display device-dependent graphics files, was released to
users of the CYBER 720 computer. The program is documented in MCTD-29.

A complete review and updating of device drivers for the PLOT79 package was
completed. Twenty different graphics devices are currently supported.

Common source code, which reads an AELIB plot file, was created and used in the
programs PLWHITE, PLUNIPL, and CTOZ, that are used to support plotting at
Whiteshell, CANDU Operations and the CRNL Computing Centre, respectively.

This common code was incorporated in a new program, PREVIEW, which translates an
AELIB plot file into a device-dependent graphics file that can be displayed on
any of the devices supported by the PLOT79 graphics package. PREVIEW is in the
final stages of testing, and the associated document is a draft MCTD.

5.8.2 Support for the International Standard Graphics Package GKS

G.N. Williams

A copy of source code for the international standard graphics package GKS has
been purchased. We intend to use this package as the basis for graphics support
in the future.

Some modifications and changes will have to be made to the code to support it on
the CDC computers under the current NOS and NOS/BE operating systems.

5.8.3 TSLIDES Program Released

G.N. Williams

TSLIDES, a computer graphics program that can be used to create high quality
text output suitable for slides and posters, was released for general use.

5.8.4 Histogram Plotting Program PLHIST

G.N. Williams

PLHIST, a program for plotting data in histogram form, was written for J.S.
Forster, Solid State Science Branch.

5.8.5 Graphics Viewing System for NOS

E.G. Long and G.N. Williams

The device independent graphics viewing system, GRVIEW, was modified to use the
NOS system instead of the CDC 3300.
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With this system, graphics files are sent to NOS and can be previewed with the
new NOS utility, called FPLOT (see PR-P-141, 5.8.1, and MCTD-29).

The GRV1EW system was fully documented in the document MCTD-30.

5.9 Communications

5.9.1 Local Multiplexors

D. McPherson, E.A. Okazaki, P. McGandy

Four-port Gandalf "Line Miser" multiplexors were installed in buildings 100,
145, 250, 432 and 508, bringing the total installed to six (PR-P-140, 5.7.3;
AECL-8648). Each multiplexor saves three data circuits between the terminals
and the PACX.

A Gandalf 9101 packet assembler/disassembler was installed by the Computing
Centre to provide an interface between the Computing Centre's PACX and INTRAN.
The packet-switched gateway allows INTRAN users the same connection flexibility
as other terminals in the Centre's supported network, since it avoids the
limitation imposed by INTRAN's special purpose asynchronous modems formerly
used. Control Data's X25 software was also tested with both Datapac and Gandalf
PADs. CDC analysts provided an interim correction to a protocol error uncovered
by the tests, and the Computing Centre is preparing to use the X25 interface to
avoid the necessity of further expansion of the PACX.

5.9.2 File Transfer Protocol - KERMIT

C.J. Tanner

Programs supporting the File Transfer Protocol, KERMIT, have been received.
KERMIT will transfer files between many types of mainframes and micros. We have
used KERMIT between various combinations of CYBER 830 at CRNL, VAX at WNRE,
MS-DOS on an IBM PC, CP/M on a KAYPRO 4, and P/OS on a DEC Professional 350.

5.9.3 Data Communications Analyzer

B.B. Ostrom

During the first half of 1985, the data communications analyzer was upgraded to
facilitate interactive circuit testing and condition emulation.

5.9.4 Inexpensive Z80 Based General Purpose Controller

J.F. Steljes and M.W. Montaigne (Neutron and Solid State Physics
Branch)

See PR-P-141, 3.38, AECL-8849.
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5.9.5 Communications Network Monitor

G.S. McQuade

An application program for a Z80 based (see PR-P-141, 3.37; AECL-8849) data
acquisition system is being written to monitor and record all terminal access to
the central computing facility and to Datapac. This will enable us to determine
how much use each terminal port is getting and will assist in monitoring Datapac
access. It will, in future, provide the information required to invoice Datapac
users.

5.9.6 Conversion of Terminal Network Database to Use BASIS

J.F. Steljes

A terminal network database (Netlist) is being used to keep track of (a) data
pertaining to Telecom Canada data circuits, (b) connections to the Gandalf PACX
data-switching/port-contention system, and (c) connections to computer ports.
This database, originally on Query Update, was converted to use BASIS. The use
of BASIS makes the database easier to maintain, and allows for the insertion of
multi-drop lines, bridged lines, and connections to Gandalf 9101E multiplexors
and Line Misers.

Nine reports are made from the Netlist database. These are used for daily
operations, trouble reports, and planning.

5.10 Nuclear Physics Computer Systems

5.10.1 Perkin-Elmer Data Acquisition System

R. Roiha and M.A. Thompson

The following hardware was added to the system:

- a 800/1600/6250 BPI tape drive,
- a TRILOG line printer,
- a second chromatics colour display,
- a Modgraph graphics terminal,
- a CAMAC booster module (CAB).

The data acquisition and analysis software is still being modified and main-
tained. Additional software is being written as required. The initial software
document was completed, and work is underway to update it. The capability to
transfer source code and data files to and from the Perkin-Elraer has been
successfully demonstrated. The initial software for data acquisition via the
CAB has been written and tested.

5.10.2 Safety Interlock System

R. Roiha

The fire alarm interlocks have been tested and installed. Other modifications
for operator ease-of-use have also been installed. The Safety Interlock System
is now fully operational and is currently in use. The Operator's Manual is in
its final proofreading stages and will soon be released as TASCC 01-13-07.
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5.11 Blowdown Test Facility - Normal Rate Data Collection System

G.L. Klawitter and J.M. Blair, with C.E. Langlais and E.H. Williams
(Design and Technical Service Branch) and R.D. Delaney and
A.J. English (Reactor Loops Branch)

The hardware for this system is described in PR-P-140, 5.10; AECL-8648. A
generalized interactive data entry system has been developed to simplify the
preparation of interactive data entry software for the numerous tasks identified
in the system design. The design and software development are continuing.

5.12 Preparation for a Moasureraent of (yy) Spectrum of
Below the Fission Threshold

J.W. Knowles, W.F. Mills, R.J.E. Deal and G.A. Heit (Neutron and Solid
State Physics Branch) with G.L. Klawitter

As indicated in PR-P-141, 3.30, a data acquisition, control and analysis system
was written for the measurement of the (yy) spectrum of 238[j below the fission
threshold. The system design was accomplished using DARTS (PR-P-140, 5.10;
AECL-8648). The software runs on an LSI-11/73 under the XM monitor.

5.13 Stress Analysis Programs

5.13.1 MARC Applications

S.B. 3aset

The ballooning study of a calandria tube (PR-P-140, 5.11.1; AECL-8648) was
successfully modelled by using a single axisymmetric element. It was shown that
the collapse pressure is almost identical to that derived from a more
complicated three-dimensional model. Hence, the simplified model has been used
for further parameteric study because it is more economical.

The temperature distribution in the Radio-Frequency Quadrupole (RFQ1) cooling
tower was determined by using a two-dimensional, and then a three-dimensional
finite element model.

A three-dimensional transient heat transfer analysis followed by a thermal
stress analysis has been completed for the Wolsung pump journal assembly. The
results will help engineers at CANDU Operations to assess recent reports of pump
failures at the Wolsung Nuclear Power Generating Station in South Korea.

A stress analysis of the 8-Pi spectrometer support structure has predicted the
deflections under different loading conditions to be well below the design
requirements.

5.13.2 STARDYNE

S.B. Baset and G.A. Petrovich

The new version of STARDYNE (JAN.85) has been installed and was released for use
on 1985 July 2. This release has several major enhancements including new
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stress hybrid elements and a new module (DYNRE7) to transform data from fre-
quency domain to the time domain and vice versa. This marks the first time that
hybrid finite elements have been implemented in a general purpose program.

5.13.3 TPIPE - General

S.B. Baset and G.A. Petrovich

The new version of TPIPE (version 5.0) has been installed on the CRNL computing
system. Preliminary tests indicate that more modifications are necessary to
make this version compatible with previous versions. The new version includes
an updated ASME postprocessor, and allows for seismic analysis under multi-
support excitation conditions. The vendor is working on fixing the reported
problems.

5.13.4 MENTAT

S.B. Baset and G.A. Petrovich

More testing of MENTAT has been performed in connection with the Wolsung pump
journal problem (5.13.1). MENTAT proved to be a very useful tool in solving
such complicated problems quickly and efficiently. The post-processing
capabilities are particularly attractive, especially for three-dimensional
problems, where the graphical confirmation of results becomes imperative in
order to comprehend the voluminous data typically produced.

5.13.5 PATRAN-G

S.B. Baset

PATRAN-G is an interactive graphics program with strong capabilities in solid
modelling, and is readily interfaced to MARC and STARDYNE. Colour, shading,
clipping and animation capabilities may be also used in non-traditional appli-
cations such as drafting, tomography, and medical science. Highlights of this
program were presented during two seminars, and many participants indicated
their interest in using it.

5.14 Gas Release from UP? Fuel Grains

D.B. Duncan

The computer code developed to predict the release of fission products from UO 2
fuel grains (see PR-P-140, 5.12; AECL-8648) was modified to use a more efficient
and accurate moving finite element solution method. The new code will be added
to the ELESIM and ELOCA codes in the next reporting period.

5.15 Computer Simulation of Ultrasonic Testing

D.B. Duncan and S.E. Adams

The ultrasonic simulation work (PR-P-140, 5.13; AECL-8648) is producing cotrraer-
cial payback in the form of a contract to model defects in pipeline welds.
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The computer codes used in this work were improved in effiency by reorganization
of the FORTRAN DO loops in the most used areas of the programs. This has cut
the execution costs by 50%. We estimate that dramatic reductions in costs could
be achieved by the use of a computer with vector processing abilities (e.g.
CYBER 990, CRAY or CYBER 205).

The model predictions were compared with some simple laboratory experiments and
were found to be in good agreement. Work on the verification of the model
results is continuing.

An analytic method based on Green's functions was developed to predict the
response of a transducer at an arbitrary distance from the region used in the
finite difference calculation. This technique will be an extremely useful tool
for ultrasonic modelling and other wave propagation problems.

5.16 Modelling of Ultrasonic Waves by Modal Superposition

S.E. Adams and J.M. Blair

The method described in PR-P-140, 5.1A; AECL-8648, was used to solve a model
problem, and the results were compared to those calculated using a finite
difference computer model developed by Duncan (AECL-8707). For low frequency
loading (<1 MHz) the results were virtually identical. However, at higher
frequencies (>1 MHz) the resolution of the series expansion was limited by the
size of the largest eigenvalue used.

Practical problems would require eigenvalues of at least double (and up to ten
times) the current size. Since the calculation of eigenvalues was a time-
consuming and expensive process, and since the solution could not be easily
generalized for other geometries, we have concluded that it would be impractical
to continue with this method of solution.

5.17 Least-Squares Fits to Void Condensation Profiles

W.N. Selander and V.R. Ruddock

A number of phenomenological condensation models were fitted to steam void
condensation profiles generated by gamma scanning the outlet section above a
heated element undergoing subcooled boiling (unpublished data supplied by G.R.
Dimmick, Thermalhydraulics Development Branch). All models lead to condensation
rates which correlate negatively with the outlet subcooling, which varied from
10°C to 19°C. Since this is physically anomalous, an alternative hypothesis has
been proposed, namely that the condensation rate, which depends on mass transfer
at the bubble-coolant interface, is limited by the presence of non-condensable
gases and also possibly by contaminants in the coolant. Consistent, with this,
the smallest voids are excluded from the fitting process, because they would
contain negligible water vapour. With these assumptions, the data give a
condensation rate which is independent of subcooling, within experimental
error. The best statistical fit is obtained with the model which assumes the
condensation rate to be proportional to the local coolant velocity.
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5.18 Computation of Mean Fuel Temperatures During a Reactor Transient

W.N. Selander

A simple first-order kinetic equation for the mean temperature in a fuel rod has
been derived by averaging the heat equation, with sources, over the fuel cross-
section. Flux depression is included but is found to have a very minor effect
on the fuel time constant. The resulting equation is useful in thermalhydraulic
transient simulations, where the main feature determining fuel temperature feed-
back is the mean fuel temperature. A report, AECL-8777, is being prepared.

5.19 Axial Temperature Profile in a Partly-Immersed Rod

W.N. Selander

A metal rod with a weak internal heat source is held vertical and partly
immersed in water. The wetted end is cooled by natural convection to the water
and the dry end loses heat mainly by radiation to the surroundings. The problem
is to determine the temperature profile at the air-water interface. An approxi-
mate solution using linearized boundary conditions has been obtained, but
requires further investigation. The problem simulates the temperatures obtained
when a cobalt-60 stringer is immersed in water, and is of interest to Ontario
Hydro.

5.20 Heat Transfer and Fluid Flow Service Programs

G.A. Petrovich

New versions of two HTFS codes were installed: STEP 5.5 and ZONE 3.0.

Four User Guide modifications were implemented and twenty-seven magnetic tapes
containing HTFS codes were prepared and distributed.

The interactive PPDS (version 9) was installed and usage accounting was imple-
mented. The PPDS (version 9) could not be interfaced to the HTFS programs
because of incomplete coding by the developer.

5.21 Shielding and Radiation Calculations

5.21.1 Low Energy Electron Transmission and
Scatterings from Thin Films

P.Y. Wong and M.A. Lone (Neutron and Solid State Physics Branch), with
D. Hetherington and R.L. Graham (Nuclear Physics Branch)

The tritium source used in the TC/2 beta spectrometer for the neutrino-mass
measurement (PR-P-140, 2.4; AECL-8648) will be diffused into a thin titanium
layer on an aluminum backing. The p-ray spectrum from such a source has been
calculated. The electron energy spectrum and angular distribution emitted from
such a source will depend on the electron transmission in titanium and the back-
ward scattering from the aluminum. The three-dimensional SANDYL Monte Carlo
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code was used to calculate the emitted energy spectra and angular distribu-
tions. The electron source used In these simulations was embedded between a
thia film of titanium and a thick aluminum backing. Calculations were done with
electron source energies ranging from 10 to 100 keV and thicknesses of titanium
from 0 to 4 g.cm~2. The results were used to determine the response function
of the 2 beta spectrometer.

5.21.2 Forward Scattering of Low Energy Electrons
In a Thin Film of Polypropylene

P.Y. Wong and M.A. Lone (Neutron and Solid State Physics Branch), with
D. Hetherington and R.L. Graham (Nuclear Physics Branch)

In order to guide the setup of detectors used in the 2 beta spectrometer
(PR-P-1A0, 2.4; AECL-8648), angular distributions and energy spectra emitted
from a thin film of polypropylene were calculated for a collimated beam of mono-
energetic electrons incident at 43° to the normal to the film surface. Source
electron energies ranging from 10 to 100 keV and polypropylene thicknesses of
50, 75 and 100 g.cm"^ Were considered. Results show that with a two-window
geometry the electron scattering from the foil of the first window will degrade
the energy resolution of the spectrometer, and hence a single window geometry
would be preferable.

5.21.3 Beam Loading Effects of a 10 MeV Pulsed Electron Linac

P.Y. Wong and M.A. Lone (Neutron and Solid State Physics Branch), with
J. McKeown (Accelerator Physics Branch)

One concern of using a pulsed electron linac in the stored energy mode for
radiation processing is the beam loading factor which can affect the beam energy
delivered to the products. To assess this effect we have calculated the ratio
of dose profile to beam loading for a 10 MeV pulsed electron linac using water
as the medium. The results are summarized in Table 1 for a beam loading of 0%,
20% and 40%, which shows that the tail end of a dose profile is very sensitive
to beam loading. This suggests that beam loading must be tightly controlled
when a pulsed electron linac is used for processing a product of a fixed
dimension.
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Table 1 Dose Profile as a Function of Beam Loading
10 MeV Pulsed Electron Linac

Beam Window: Ti, 15 micron thick
Medium: Water, density = 1 g.cnT

Distance in Medium Dose as a Function of Beam Loading
From Beam Window (MeV.g" per incident electron)

(cm)
Beam Loading (%)

0 20 40

0.0 2.5 E-2* 2.5 E-2 2.5 E-2
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0

2.9
3.0
3.2
3.5
3.2
3.1
2.9
1.5
4.0
9.0

E-2
E-2
E-2
E-2
E-2
E-2
E-2
E-2
E-3
E-4

2.7
3 .0
3.2
3.5
3.2
2 .9
1.8
4.5
3.8

E-2
E-2
E-2
E-2
E-2
E-2
E-2
E-3
E-3

2.6
3.0
3.2
3.5
3.2
2.4
1.2
1.9
1.0

E-2
E-2
E-2
E-2
E-2
E-2
E-2
E-3
E-5

* Read as 2.5 x 10~^

5.21.4 Electron Dose Distribution in a 10 ml Polymer Vial at 200 Kilovolts

P.V. Wong and M.A. Lone (Neutron and Solid State Physics Branch)

Electron dose distribution in a 10 millilitre polymer vial at 200 kilovolts was
calculated, on a commercial contract, for Energy Sciences Inc., a manufacturer
of electron beam accelerators. The calculations were done with the three-
dimensional SANDYL Monte Carlo code. In addition to the dose distribution, the
calculations show that only 6% of the electron beam energy impinged on the mouth
area of the vial. These results point out that the vial dimension and/or the
incident beam direction will require changes if beam utilization efficiency is
to be increased.

5.21.5 Neutron and Gamma-Ray Shielding Calculations

P.Y.. Wong and M.A. Lone (Neutron and Solid State Physics Branch), with
W.J.L. Buyers and P.C. Martel (Neutron and Solid State Physics Branch)

Neutron and gamma-ray shielding calculations were performed for the design of a
neutron spectrometer to be used at the NRU C5 beam tube. The design is a
cylindrical assembly of mainly lead and boron-impregnated polyester resin
(BIPR), 104 cm in height and 223 cm in diameter. The assembly contains a
central void chamber of stainless steel wall coated with boron carbide.
Incident neutrons from NRU are directed down a horizontal beam tube at a
10 cm x 10 cm x 1 cm silicon reflector located at the centre of the void
chamber. The inlet beam tube has a cross section of 5 cm x 5 cm.
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Neutron and gamma-ray leakage rates were calculated using the Monte Carlo code
MORSE and a 38-group coupled neutron and gamma-ray cross-section library. The
shielding effects of using a boron added CH2 material (CH?B) instead of BIPR and
of a larger beam tube of a 5 cm x 12.5 cm cross section were explored. Our
results showed that for the system considered, CH2B is a better material to use
than BIPR and that the leakage results from a smaller inlet beam tube, on a per
source neutron b; 3, are slightly lower than those from the larger tube.

5.21.6 Neutron and Bremsstrahlung Yields from 5-25 MeV Electrons
On Natural Element Targets of Various Thicknesses

M.A. Lone (Neutron and Solid State Physics Branch) with K.C.D. Chan
(Accelerator Physics Branch) and P.Y. Wong

See PR-P-141, 3.31; AECL-8849.

5.22 Parity Violation in the Photodisintegration of Deuterium

E.D. Earle and S.H. Kidner (Neutron and Solid State Physics Branch),
A.B. McDonald (Princeton University) and G.H. Keech

See PR-P-141, 3.32; AECL-8849.

5.23 Nuclide Interactive System (NIS)

G.A. Petrovich

At the request of G. Kramer of the Biomedical Research Branch, NIS was modified
to increase its flexibility and usability. Because of the program's low usage
and the adequacy of the nuclide library, it was decided that it was not
necessary to update the nuclide library.

5.24 Radiation Dose Calculation Program

G.A. Petrovich

An interactive program was written for the Environmental Research Branch to
calculate the radiation dose received by the public from radioactive releases
into the air and/or surface water (PR-P-140, 5.17.4; AECL-8648). After release
of the program a minor correction was required.

5.25 Power Failure Reliability Study

S.E. Adams and J.M. Blair

The use of Probabilistic Risk Assessments and Fault Tree Analysis requires the
calculation of probabilistic parameters. At the request of D. Winfield, Nuclear
Safety and Technology Branch, we have derived the CRNL site Class 4 power supply
reliability parameters based on currently available data.
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Commonly used analytic methods involve assumptions (e.g., a constant failure
rate), which cannot be justified in this case, and so a numerical simulation was
developed. This allows us to create a model based on actual data and involving
few assumptions.

Using the model, we have calculated the reliability parameters and associated
confidence intervals. Our results appear to accurately reflect the 'real life'
situation, and so the simulation may be preferable to other studies
(A.S. McClymont and B.W. Poehlman, "Loss of Off-Site Power at Nuclear Power
Plants: Data and Analysis", EPRI NP-2301, Electric Power Research Institute,
Palo Alto, CA, 1981) which made invalid assumptions to simplify the
calculations.

5.26 Information Handling Programs

5.26.1 Central Personnel Records System

C.J. Tanner and M.A. terHuurne

Maintenance activities continued on the Central Personnel Records System (CPRS)
during the period. Various reports were generated (mainly for Corporate and
Research Company Head Offices) involving the use of SIR and specific COBOL
programs. These reports were mostly statistical in nature and required a level
of expertise beyond that expected of the operators.

On March 6, a meeting was held at Research Company Head Office involving P.J.
Macmillan (Chair of the CPRS Coordinating Committee), Marlene Ferguson (Chief
Operator of CPRS), C. Tanner and M. terHuurne, which produced a program of work
for the CPRS system for the fiscal year 1985-86. So far, the schedule outlined
by this Program of work, has been fairly closely maintained, with the following
products available now or very shortly:

1. Easy-to-use procedures for the use of both regular and SIR oriented
historical tapes, and documentation.

2. The second draft of the data dictionary, and a document describing its use.

3. A program to check the contents of fields on the personnel file and a report
for the site operators.

4. A document describing the Research Company Human Resources Forecasting
System.

5.26.2 CRNL Standards Index (SIP)

V.R. Ruddock

The CRNL Standards Index is being put on a database, for Plant Design Division,
using BASIS. The data were originally stored on a NOS/BE magnetic tape, and
were accessed by a COBOL program. Since the index is small, it was decided that
BASIS should be used instead.
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Several lists will be created using this file. A listing sorted alphabetically
by standard number will be produced, along with an alphabetic keyword listing.
These listings will be incorporated in the Atomic Energy of Canada Limited,
report DE-52.

5.26.3 Supplier's Database (CLUP)

V.R. Ruddock

A supplier/product database has been set up for the Design and Technical Service
Branch, using the database package BASIS. This database was designed to replace
the old punched-card system.

A data entry program was written in FORTRAN 5, using the MMIK interactive
routines, to set up the data for the creation of the database. The same program
can also be used to update the database.

The original COBOL program used to set up the data in an indexed-sequential file
on NOS/BE, will no longer be used.

Documentation for this database has also been completed.

5.26.4 NMC Data Entry

V.R. Ruddock

A collection of data entry programs has been written for the Nuclear Materials
Control Branch to replace their old punched-card based system. Three more data
entry programs, BATCH, BCHRD and SEALS, have been added to this data entry
system. All these data entry programs use the FORTRAN 5 MMIK routines.

An existing COBOL program was modified to provide combined listings of HEU and
LEU inventory.

The user's guide has also been completed for this system. In all, a total of
six new data entry programs have been written.

5.26.5 CRNL Quality Assurance File Management System

K.D. Clark, M.T. Miller and M.A. terHuurne

As noted in PR-P-139, 5.9.2; AECL-8554, the original system requirements are
specified in report CRNL-2581 by R.G. Gray, CRNL Quality Assurance. The
Supplier Data Package has been completed, subject to later extensions of the
reporting logic. The Inspection/Nonconformance Data Package is near completion
with reporting programs yet to be fully implemented. Development of a Financial
Interface Package is underway.
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5.27 Heated Plume Studies

W.N. Selander with P.J. Barry and D. Wildsmith (Environmental Research
Branch)

See PR-HS-19, 3.3.1; AECL-8848.

5.28 Miscellaneous Programs and Subroutines

5.28.1 Dynamic Memory Allocation in MCHP

G.A. Petrovich

At the request of Bruce Wilkin, WNRE, the MCNP (Monte Carlo Neutron Photon) code
was modified to use the AELIB memory management routines. The code, which he
obtained from outside AECL, was attempting to perform memory management by
direct calls to the system monitor, a technique that is no longer valid. The
memory allocation was verified by executing the program with the benchmark data.

5.28.2 K0BRA3

G.A. Petrovich

At the request of M. Shubaly of the Accelerator Physics Branch, the K0BRA3 ion
beam simulation package of nine programs was installed on the CYBER 830. Up to
950,000 words of Unified Extended Memory (UEM) were required. Interactive CCL
procedures were written to assist in compilation, loading and execution. There
remain minor problems with five programs that involve plotting.

5.29 Operations

5.29.1 A Display of Queued Plot Files

G.A. Petrovich

To assist the computer operators in determining the plot files to be evicted, a
CCL procedure and FTM5 program were written to produce a display of the names of
tha queued plot files. The operator may display the names of all plot files or
only those with zero priority.

5.29.2 Paper Tape Input

J.F. Steljes, B.B. Ostrom, G.S. McQuade and V.R. Ruddock

With the removal of the 3300, it was necessary to provide an alternative
facility to read paper tapes. Since the need is temporary, no new equipment was
purchased. A number of existing Teletype machines were borrowed from other
branches, and the most reliable was tested as a terminal operating into the
720. This system could not be fully implemented, because of line length
restrictions in the NOS 1.4 software. The system has operated successfully into
the 830 computer, using the more flexible protocol available in NOS 2.4.
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5.29.3 Computer Use by Division

The following table is an analysis of the jobs processed during the first half
of 1985.

No. of Jobs
Utilization
System Seconds

Corporate Head Office
Radiochemical Company
Chemical Company
Engineering Company
WNRE
CPRS
CRNL:
Computing Centre
Contract Accounts
Information Services
Health Sciences
Chemistry & Materials
Physics
Electronics, Instrumentation
and Control

Advanced Projects
& Reactor Physics
Fuels and Materials
Administration
Finance
Operations
Maintenance & Construction
General Services
Plant Design
Special Projects
Commercial Operations
Environmental Authority
Quality Assurance
Others

3951
481
224

14038
7044
90

49782
2712
1278
8618
6196
16653

636

40752
21200
2822
5808
6557

0
227

2579
9546
484
235
438
13

1.95
0.24
0.11
6.94
3.48
0.04

24.60
1.34
0.63
4.26
3.06
8.23

0.31

20.14
10.48
1.39
2.87
3.24
0.00
0.11
1.27
4.72
0.24
0.12
0.22
0.00

104515
2827
1085

381197
664434

443

965438
81463
43601
169904
489340
711148

19466

1859273
851506
37371
141390
235745

0
6713

100468
180153
8246
2265
5101
497

1.48
0.04
0.02
5.40
9.41
0.01

13.67
1.15
0.62
2.41
6.93
10.07

0.28

26.32
12.05
0.53
2.00
3.34
0.00
0.10
1.42
2.55
0.12
0.03
0.07
0.00

202364 7063577
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5.30 Publications and Lectures

Publications

COMPUTING CENTRE NEWSLETTER
Vol. 12, Nos. 1 through 6
Edited by E.A. Okazaki

VERIFICATION OF THE FROM MODEL FOR ZIRCALOY OXIDATION DURING HIGH TEMPERATURE
TRANSIENTS
F.C. Igleslas, D.B. Duncan, S. Sagat and H.E. Sills
J. of Nucl. Mat. _L30_, (1985) p 36-44 (AECL-8422)

DRIVEN DIFFUSION INCLUDING RADIAL EXCHANGES WITH THE ENVIRONMENT
R.H. Zee and J.M. Blair
J. Appl. Phys. 57_ (12) 1985, p 5532 (AECL-8663)

BREMSSTRAHLUNG AND PHOTO-NEUTRON YIELDS FROM 5-25 MeV ELECTRONS ON THIN SLABS OF
Al, Fe, Cu AND Pb
K.C.D. Chan, M.A. Lone, S.E. Adams and P.Y. Wong
Nuclear Instruments and Methods, 1985 April

CURRENT STATUS OF CHARACTER SET STANDARDS
C.J. Tanner
Published in the Conference Proceedings, ECODU 39/VIM 42,
1985 April 15-19, Lisbon, Portugal

DEVELOPMENTS IN AREAS COMMON TO STANDARDIZATION OF PROGRAMMING LANGUAGES
C.J. Tanner
Published in the Conference Proceedings, ECODU 39/VIM 42,
1985 April 15-19, Lisbon, Portugal

NEUTRON AND BREMSSTRAHLUNG YIELD FROM 5-25 MeV ELECTRONS ON NATURAL ELEMENT
TARGETS OF VARIOUS THICKNESS
M.A. Lone, K.C.D. Chan, and P.Y. Wong
Presented at the International Conference on Nuclear Data for Basic and Applied
Science
Santa Fe, New Mexico
1985 May 13-17

STATISTICAL DETERMINATION OF SYSTEMATIC ERROR IN CRITICAL POWER MEASUREMENTS
C.W. Snoek, G.R. Dimmick and W.N. Selander
Presented by W.N. Selander at the 10th Canadian Congress of Applied Mechanics,
University of Western Ontario
1985 June 2
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Unpublished Reports

The following are unpublished reports, available from Atomic Energy of Canada
Limited, Chalk River, Ontario KOJ 1J0:

MCTD-24, CONVERSION OF FORTRAN77 PROGRAMS FROM USE OF THE AELIB ROUTINE PLOT TO
USE OF THE CALCOMP ROUTINES
M.T. Miller, B.E. Purcell and D.G. Stewart
Revised 1985 May

MCTD-29, FPLOT - A NOS PROGRAM TO DISPLAY A DEVICE DEPENDENT GRAPHICS FILE ON A
GRAPHICS DEVICE
G. McQuade
1985 May

MCTD-30, GRVIEW - A GRAPHICAL OUTPUT VIEWING SYSTEM
J.W. Wendorf, G.N. Williams and E.G. Long
1985 May

MCTD-32, TSLIDES - A PROGRAM TO GENERATE TEXT SLIDES
G.N- Williams
1985 June

Lectures

INTRODUCTION TO FORTRAN 5
Algonquin College of Applied Arts and Technology,
Continuing Education Course
G.A. Petrovich
CRNL
1984 October 2 to 1985 January 22

SUMMARY OF PATRAN-G PROGRAM
S.B. Baset
CRNL
1985 April 23
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6.2 Research Applications and Generic Studies

6.2.1 Heavy-Ion Superconducting Cyclotron

J.A. Hulbert and J.H. Ormrod

The superconducting cyclotron magnet coil has been operated in the cyclotron
vault and magnet system alignment procedures completed. The rf system is
installed and final sub-system fitting and adjustment in progress. First beam
injection is imminent.

The complexity of the services to the cyclotron have made co-ordination of the
final stages of the assembly work an essential full-time occupation for a
senior member of the group. This duty was assumed by J.A. Hulbert for the
first half of the report period, and by E.A. Helghway for the second half.

6.2.1.1 Cryogenics

6.2.1.1.1 Cryogenic System

J.A. Hulbert and L.F. Birney with L-.W. Thomson and K.A. Dobbs
(TASCC Operations Branch)

The Koch 2800 HR liquefier is operating directly into the cyclotron cryostat,
and the liquid helium level maintained at the safe magnet operating level.
Difficulties in controlling the level when filling via the liquid storage
dewar have prevented operation in that mode. The problems seem to stem from
excessive dewar boil-off and poor operation of the liquefier pressure control
regulators (fill, bypass and dump). A neck plug has been installed in the
dewar in an attempt to improve the boil-off rate and the regulators are being
checked. Priorities of magnet operation and cryopump commissioning have
delayed the evaluation of the dewar modification.

Automatic selection of the helium compressor supply and delivery valve
settings has not yet been implemented because the 3-way valves purchased for
the purpose cannot be made to perform to specification.

The # 1 1400 circulating compressor suffered a motor burnout but has been
repaired and put back into service. One high pressure recovery compressor is
now operational.

6.2.1.1.2 Cryostat

J.A. Hulbert, L.F. Birney, R.E. Milks with K.A. Dobbs (TASCC
Operations Branch)

The new shield manifold installation was completed and the cryostat mounted in
the cyclotron yoke. At the final stage of leak testing the assembly it was
found that the sleeve joint at the centre of the extraction channel beam pipe
had developed a small leak.

An assessment of the cause was made using visual inspection with a small
diameter fibrescope. The defect would have been detected on initial assembly
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only by x-ray- Effective repair would be unlikely without complete dis-
mantling of the channel. However the leak is between two volumes, both
subject to high vacuum in operation, and is so small that no change in cryo-
stat boiloff performance is detectable when the leak area is perfused with one
atmosphere of helium. As the leak appears to be stable it was decided to
continue assembly without treating the leak.

Cooldown proceeded as expected, except that at the condition when direct
liquid transfer would have been started from the dewar, a cold gas leak
developed in the extraction channel lead insulator. This failure was due to
faulty assembly of the fibreglass-reinforced epoxy insulator exacerbated by
cooling procedures allowing the insulator to cool below its safe working
temperature. An in-situ repair was effected but the cooldown was held up for
four days.

A good measurement of the operational helium-boil-off rate of the cryostat has
been delayed until better stability of the liquefier operation with the
storage dewar has been obtained, but the initial assessment of the boil-off is
41 litres per hour. The changes to the shield manifolds by which there is no
longer any direct cooling of the top of the shield, does not appear to have
impaired the shield temperature distribution. This was as indicated by
previous calculation.

The working liquid level in the cryostat has been confirmed to provide
adequate coverage for the coil and sufficient depth at the pick-up points to
supply liquid helium for the cryopumps. There are no detectable cold spots
anywhere in the midplane region where installation of the extraction channel
has led to some very tight clearances and high mechanical loading of the
superinsulation.

6.2.1.1.3 Cryopumps

L.F. Birney and E.M. Arciszewski

The two cryopumps were fitted into upper magnet valleys 4-1 and 3-4 following
the completion of field mapping. The liquid helium transfer tubes were
pumped, and fitted between the supply ports and the pumps and auxiliary
service lines checked for correct operation.

The helium liquid depth in each pump is sensed by 3-point thermal detectors.
These were made using FD300 silicon diodes, using the temperature variation of
the forward voltage at a regulated current. Manual controls for the cryopump
levels have been assembled, for use until an automatic electronic control can
be completed.
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6.2.1.2 Cyclotron Magnet Systems

6.2.1.2.1 Main Magnet Power Supply

L.W. Shankland, E.A. Heighway, C.R. Hoffmann, J.A. Hulbert with
R.L. Brown (Nuclear Physics Branch), M.J. St. Aubin (TASCC
Operations Branch) and H.R. Schneider (TRIUMF)

Attempts to drive current into the magnet coil using the main power supply
were unable to proceed because of spurious trips from the coil protective
system. Remedial action consisted of increasing the coil voltage instrumen-
tation trip threshold by a factor of 10, replacing all the voltage tap and
lead temperataure tap relays, replacing several noisy amplifiers and
resoldering a number of poor joints on the lead tap boards. Following these
changes the power supply was operated driving current into the coils to pro-
vide midplane fields of up to 4.5 Tesla.

6.2.1.2.2 Trim Rods

R.E. Milks and E.A. Heighway

The upper trim rod drives are installed and operating routinely under computer
control. The lower trim rod drives will continue to be operated manually
until all other systems involving the lower pole have been commissioned.
There are still some problems with sticking linear potentiometers. Three gear
wheels have had to be replaced because of galling and seizure. One clutch
mechanism failed in the closed position because of failure of a needle
bearing.

The zero position of the trim rod pairs have been set such that each rod is
within 0.04 mm of a position which gives zero azimuthal variation of Bz on
the tnidplane. This was achieved by minimizing the "dimple" measured in the
magnetic field between each rod pair. The position of one roc of a pair rela-
tive to its partner is less well known, i.e., both rods could be axially dis-
placed in the same direction by a large amount and still have zero contri-
bution to the "dimple". By making measurements with the upper and lower sets
of rods separately retracted it was identified which rod of a pair was contri-
buting most to the "dimple". It is believed that this relative error is
better than ± 0.2 mm which would give rise to axial coherent oscillations of a
few millimetres maximum amplitude. This relative zeroing can be improved, if
necessary, following examination of the coherent oscillation amplitude with
beam.

6.2.1.2.3 Coll and Pole Centering

J.H. Ormrod

Accurate alignment of the upper with the lower pole and centering of the coil
on the magnetic axis of the poles is needed for proper operation of the cyclo-
tron. The poles were aligned to better than 0.05 mm by aligning the. magnetic
dimples created by selectively retracting trim rods in the upper and lower
pole. The coil was centered by measuring first harmonic differences at
fourteen radial locations (flip coils) for two coil excitations. The magnetic
center of the coil was positioned within 0.05 mm of the pole magnetic center;
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the scatter in the results corresponded to a probable error of 0.05 mm. These
results are well within the allowable alignment tolerances.

6.2.1.2.4 Injection Line Mapping

J.H. Ormrod and R.E. Milks

The injector line was mapped at several excitations of the cyclotron magnet.
The two horizontal steering magnets performed as previously tested. The two
vertical steering magnets, not previously tested in the strong background
field of the yoke injection hole, provided lower inductions than previously
measured but still sufficient to our needs. The shielding pipes between the
dipoles reduced the fringing field to acceptable levels. Small errors in
magnet locations, revealed by the mapping, were corrected.

6.2.1.3 RF System

C.B. Bigham, R.J. Burton and J.E. McGregor with E.P. Stock (TASCC
Operations)

6.2.1.3.1 Accelerating Structure

Modifications had to be made to the copper liner to provide clearance for the
extraction channel elements in the cryostat wall at the midplane. Cooling
water headers have been installed and connected to the liner. Operation of
the high vacuum and rough vacuum turbo molecular pumps was checked before they
were connected to the structure. Following the magnetic field mapping, the
cryopumps, dees, drive capacitor and balance capacitors were installed.
Almost all temperature monitors in the accelerating structure have been con-
nected and tested. RF monitor leads have been connected to the upper pole.
Vacuum tests are in progress.

6.2.1.3.2 Power Amplifier

A new 4CW100000E EIMAC tetrode has been installed in the amplifier's final
stage. The amplifier has been tuned to 42.6995 MHz and tested up to 75 kW
into the water load in preparation for the first beam to the cyclotron.

6.2.1.3.3 Control System

The power amplifier and both bunchers have been operated together as a com-
plete system. Initial start up of the system components requires some oper-
ations to be carried on*; at the local control panels. However, following the
initial start up, most monitor and control functions can be accessed in the
control room through the computer.

6.2.1.3.4 Beam Bunching Tests

Additional beam bunching tests have been carried out (see PR-P-140, 6.2.1.4.4;
AECL-8648). As with all previous tests, beams were restricted to the first
leg of the injection line, since the remainder of the beam line to the cyclo-
tron had not been completed.
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Beams of 30 MeV 1 2C 3 + and 27 MeV i 2C 2 + were used to check earlier results and
test modifications to the capacltive phase probe and silt phase stabilization
circuits. Optimum bunch lengths observed at the beam pulse detector were
similar to the 1.6 ns obtained in earlier tests.

The phase stabilization circuits operated satisfactorily. With a beam current
of 100 nA, feedback, from the capacitive phase probe corrected a ± 3° jitter to
± 1/2° while feedback from the slits provided a marginal improvement. When
parameters have been optimized, phase stabilization using the slits should be
possible with smaller beam currents.

Subsequent tests with a 30 MeV 0 beam at currents up to 400 nA showed
larger phase jitter effects - up to ± 12° on a 30 second time scale. The
phase stabilization circuit corrected this to ± 2° and gave optimum bunch
lengths at the beam pulse detector similar to the 1.6 ns observed for the
carbon ions.

The bunchers were tuned to a fundamental frequency of A2.6995 MHz and their
performance was tested with 70 MeV I +, which is the ion required for
initial cyclotron operation. The phase jitter observed between the low energy
buncher and the capacittve phase probe was much larger for this ion than for
the lighter ions - at times greater than 90°. Feedback from the capacitive
phase probe could control the phase to ± 1° for short periods allowing
measurements of the bunch length at the beam pulse detector. The measured
length of about 1.8 ns, only slightly larger than that observed for the
lighter ions, indicates that rebunching by the high energy buncher should be
possible.

If the source of the large phase jitter cannot be traced and corrected, the
correction range and feedback gain In the phase stabilization circuits will
have to be increased to compensate.

6.2.1.4 Injection

6.2.1.4.1 Low Energy Buncher

E.A. Heighway, J.E. McGregor with E.P. Stock (TASCC
Operations)

The low energy buncher is operational In the beam line in Building 137. The
2f automatic frequency control circuit has been modified to allow change of
the 2f component in the sawtooth waveform without loss of phase control.

6.2.1.4.2 Foil Changer

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

The complete foil changer system has been assembled, tuned and bench tested.
Some modifications were required. The chain support structure, which is
mounted in a dee, had rails added to guide the chain rollers and thereby
improve shroud orientation. Folded edges of the foil holders required
reworking to reduce variations in edge thickness that caused tilting when the
foils were stacked. The flexible bellows coupling between a feedthrough and
chain drive worm broke and was replaced with a small double universal joint.
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Installation of the foil changer onto the cyclotron is underway.

6.2.1.5 Extraction

6.2.1.5.1 Electrostatic Deflector

C.R.J. Hoffmann

Fabrication of revised electrostatic deflector components is underway. The
water header and copper vacuum envelope for the high voltage cable have been
installed in a dee.

Tests were performed to explore hot pressing of Macor support insulators into
stainless steel collars. A diametrical interference of 0.025 mm over a 2 mm
length required about 1300 N to pull the Macor out of the collar. Pressing
did not appear to damage the Macor. This meets deflector support insulator
requirements.

6.2.1.5.2 Magnetic Channel

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

Copper covers were made and fitted on to the hill lenses to shield them from
rf and compensation iron bars and hill lens mounting brackets were copper
plated. The hill lenses and compensation bars were mounted on the inner cryo-
stat wall.

First harmonic perturbations from the magnetic channel windings, operating at
100 A, were measured using the field mapping apparatus. Field maps were made
for each of the four independent sets of windings. The main magnet generated
a mldplane field of 3.8 T, using inner and outer coil currents of 1700 A and
800 A respectively. Channel 1 first harmonic results were about 50% higher
than calculated values (measured about 0.1 mT at 609 mm radius). Gradient
winding results agreed well with calculated values and the perturbation from
channel 2 bias windings were measured and calculated to be negligibly small.
All of these first harmonic perturbations are within the range of the trim
rods to correct.

6.2.1.6 Beam Probes

J.D. Hepburn and R.E. Milks with R.E. Howard (Nuclear Physics
Branch)

Development of the probe system continued in the Bldg. 467 laboratory, until
mid-April. At that time the system was dismantled and moved to the cyclotron
laboratory for final installation.

The stub probe was installed in the cryostat prior to installation of the
latter in the yoke. Installation of this probe is complete, and it has been
operated under computer control.

The two main probes are also completely installed. The probes have been
driven into the midplane, and the position read-outs calibrated. Control
system hardware commissioning continues. Most devices and systems worked well
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on first power-up, but the stepping motor drives required some work to improve
torque and provide a better match to the power supplies.

Control system software was completed in the test laboratory. At present,
changes to improve the flexibility of diagnostic message printouts and to
speed up the data taking process are being incorporated. The 26 k word
program storage space in the microprocessor system is marginally large enough.

6.2.1.7 Beam Dynamics

6.2.1.7.1 Orbit Computation

E.A. Heighway with E.H. Lindqvist (TASCC Operations Branch)

A start was made on a feasibility study for a passive, stationary magnetic
extraction channel as a possible future replacement for the existing super-
conducting channel. Calculations show that a channel could be designed that
can bring the individual heavy ion beams along trajectories which are signifi-
cantly different in radius within the channel but converge on the same final
extraction point. The radial separation allows first and second gradient
fields in the channel to be used for beam focusing as a function of radius. A
solution is being sought which provides good radial and axial phase space
projections along the channel.

Calculations of the following beams have been completed: I, 10 MeV/u;
238U, 10 MeV/u; 12C, 45 MeV/u; 3 2S, 32 MeV/u; 2U8Pb, 11 MeV/u; k8Ti,
4.5 MeV/u; 80Se, 5 MeV/u and 5bNi, 20 MeV/u. Calculations of 1 2 7I, 3 MeV/u;
238U, 3 MeV/u; 35C1, 3 MeV/u; 5dNi, 4.5 MeV/u; 50Ti, 4.5 MeV/u; 4UCa, 8 MeV/u
and bCa, 8 MeV/u are in progress.

6.2.1.7.2 Code Development

C.A. Brazeau, E.A. Heighway with E.P. Stock and E. H. Lindqvist
(TASCC Operations Branch)

A family of programs to process the beam diagnostic probe data has been
written. These take data from the PDP11/44 and transfer them to the Cyber 720
where beam radial and axial position and beam rms widths for each turn are
extracted. For beams which experience more than one radial precession in the
betatron oscillations, the data from a single probe can be used to extract the
betatron oscillation amplitude and frequency. For evaluating a small fraction
of a precession cycle the data from two probes is required and a method has
also been developed to determine the oscillation parameters from those data.

An option has been added to SUPERGOBLIN to allow an analytic representation of
the extraction channel in addition to the mapped representation. This pro-
vides a useful tool for scoping studies should it be decided to implement a
major redesign of the extraction channel.

A program HARM to set the first harmonic of the magnetic field for extraction
via a touch panel has been developed. HARM allows the changing of the
retractions of trim rod 13 without changing the average field. The program
has been debugged as far as possible without using the system variables of the
control computer.
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6.2.2 Laser Acceleration of Particles

N.A. Ebrahlm

6.2.2.1 Plasma Beatwave Experiments

A continuing collaborative program has been established between CRNL and INRS,
Varennes to conduct studies of electron acceleration by the longitudinal
electric fields of electron plasma waves excited by a high intensity C02

laser. When the CO2 laser is operated at two wavelengths (9.6 vm and 10.6 Mm)
the beating of the two waves in an underdense plasma results in a beat
ponderoraotive force which drives up density fluctuations. Electrons trapped
in the wave potentials are accelerated to relatlvlstic energies. In a set of
preliminary experiments, electrons with initial energies above 150 keV, gener-
ated by Raman backscatterlng instability, were trapped by the plasma waves and
accelerated to maximum energies of 3.5 MeV. The effective electric field
gradient achieved In these experiments was approximately 6 GV/tn over an
acceleration distance of 0.5 mm.

Experiments currently in progress are designed to observe the high phase
velocity plasma waves using the Thomson scattering of a probe ruby laser light
and measuring the amplitude of the electrostatic wave directly. Low energy
electrons produced by a third laser beam will then be injected into the plasma
and accelerated to relatlvlstic energies.

6.2.2.2 Particle Simulations of the Beatwave Accelerator

A relatlvistic electromagnetic particle code has been obtained and installed
on the CRNL Cyber 170 system, in collaboration with colleagues at INRS,
Varennes. The computer simulations employ a 1-2/2-D (one spatial and three
velocity and field dimensions) code to model the generation of plasma waves by
laser beams in a uniform plasma and electron acceleration, in a beatwave
accelerator.

A model problem with 10 ̂  electrons and a two-frequency CO2 laser beam incident
on an underdense plasma with static ions has already been successfully exe-
cuted as a test case. Current effort is directed towards incorporating the
extended core storage and system graphics in order to investigate a more
realistic problem involving mobile ions and tailored laser pulses as well as
plasma inhomogeneity.

6.2.3 Diagnostic Equipment Development

M.S. de Jong

Work continues on development of beam-light profile monitors for high current
proton beams. One prototype monitor was assembled and tested on ITE.
Assembly, testing and calibration of another 3 monitors has begun. A FORTRAN
program to acquire the profile data has been completed. The program can save
the data on a floppy disk, perform background and sensitivity corrections,
calculate beam centroid and rms width and display the corrected profiles on an
oscilloscope or x-y plotter. Figure 6.2.1 shows a typical profile of a 20 mA,
20 keV proton beam passing through background H a gas at 2 mPa. Spatial
resolution of the system is approximately 0.5 mm.
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LIGHT INTENSITY PROFILE OF
A 22 mA, 20 keV H* BEAM
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Fig. 6.2.1 Typical beam-light profile of 25 mA, 20 keV proton beam.

Two tomographic reconstruction programs, KECON445 and MENT, are now operation-
al on the INTEL system 310. RECON445 reconstructs the transverse beam density
distribution from 4 beam profiles taken at 45° intervals around the beam.
MENT reconstructs a general 2 dimensional distribution from 3 projections of
arbitrary linear transformations of the distribution. MENT can be used to
reconstruct the beam emittance from 3 beam profiles taken at different
locations along the beam. Modifications to these codes to accept profile
monitor data are being made.

Investigations of Stark quenching of Balmer series hydrogen lines by the
proton beam space charge continues. Calculations show that at electric field
strengths of B lkV/m estimated to occur in space charge neutralized proton
beams, the Stark mixing of the 3Si/2 an& 3Pl/2 hydrogen fine structure
levels has the most significant effect on H a emission. These levels are
separated in frequency by a 315 MHz Lamb shift. Application of a rf electric
field at about this frequency with a strength between 100 and 1000 V/m Is
sufficient to completely mix the two states causing the maximum change in H a

light intensity.
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To demonstrate this effect, a rf resonator with a 300 MHz resonant frequency
and a 100 mm beam aperture was assembled to apply an oscillating electric
field across the beam, and the H a light intensity was measured. At low
proton beam currents of 1 to 2 mA the ratio, Q, of light intensity with the rf
off to intensity with the rf on was 2.10 ± 0.05. Beam space charge fields
should be small in this case. However, when the beam current was increased to
25 mA, Q reduced to 1.70 ± 0.02, indicating that some of the 3Sj/ 2 state was
already being quenched. As further evidence, a plot of light intensity versus
beam current, Fig. 6.2.2, shows the non-proportionality of intensity and
current when the rf is off, but a linear relation when the rf is on. The
significance of these effects on the accuracy of beam-light profiles is being
investigated.

Ha EMISSION FROM BACKGROUND H2
GAS BY 20 keV PROTON BEAM

10

H* BEAM CURRENT |mA)

15 20 25

Fig. 6.2.2 RF-induced quenching of H a emission from background hydrogen
atoms. Beam space charge electric fields cause the non-linearity
when the rf is off.

Modifications have been made to the 8-view diagnostic module on ITE to make a
tunable 130 to 400 MHz, capacitively loaded, re-entrant coaxial cavity inside
the module for use In further beam-light quench experiments. This cavity has
a more uniform rf electric field in the beam region and permits relative
measurements of the field strength. In this arrangement, the light intensity
change caused by weak rf fields of 10 to 20 V/m as a function of frequency can
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be studied. This permits measurements of the fine and hyperfine structure of
the excited H atoms. Independent determination of the average electric field
strength in the beam can be made by measurements of the Stark, shift of the
hyperfine levels.

Work on non-intercepting dc beam current monitors is continuing. Toroids of
two different magnetic materials have been delivered, and the excitation coils
on 2 toroids of each material are being wound. Circuit design has begun and
the main circuit components have been ordered.

6.3 Accelerator Breeder Studies

6.3.1 High Current Test Facility

This facility was built to study acceleration of 100% duty cycle proton beams
to energies up to 3 MeV with currents in excess of several mA.

6.3.1.1 Injector

J. Ungrin

The injector was operated for several days in early February and provided
beams for high current runs with the Alvarez. The voltage standoff reliabili-
ty with beam was adequate up to 20 mA (mixed species) but then deteriorated
rapidly with increasing current. At 20 mA the proton fraction was = 50%.

The injector was shut down after this series of experiments. No decision has
yet been made on future use of this facility.

6.3.1.2 Alvarez Tank

J. Ungrin, J.C. Brown, B.G. Chidley and G.E. McMichael

An 0-ring sealed rf loop window was installed in December 1984 and was con-
ditioned to the design tank power of 165 kW. This window failed during high
power runs in January because of a leak that developed at a defect in the
0-ring. A new window was installed which had four 13 mm wide by 4 mm deep
slots machined in it to bridge the previous compression seal to the centre
conductor. This window was slowly conditioned to 165 kW and was used for high
current beam runs. It was subsequently operated up to 200 kW which was the
limit of the rf system under the present configuration of the dc power supply.

In February a series of high current runs were made with the Alvarez tank.
The maximum proton current that the injector could reliably deliver was
|= 10 mA. Up to 95% of this 750 keV beam could be transported through the beam
transport line and Alvarez tank without rf applied. A maximum accelerated
beam current of 5.4 mA with rf fields « 10% above the design value was
achieved for an injected beam current of 9.8 mA. This transmission of 56% was
slightly less than the 65% transmission predicted on the basis of PARMILA
calculations. The calculations, however, neglected factors such as the known
minor misalignments of the drift tubes, quadrupole magnets, and buncher.



6-14

Significantly higher beam currents from the Alvarez tank would only be
achievable with a large renewed effort on the high voltage injector. The
rapid and successful development of RFQ structures do not, however, justify
such an effort and the 3 MeV Alvare3 experimental program has, therefore, been
terminated.

6.3.2 RFQ1

G.E. McMichael

Design and development of a high current 100% duty factor proton radio-
frequency quadrupole (RFQ) linac continued. Orders for the injector cooling
system and first RFQ vane have been placed and material for the tank and
remaining vanes has been received.

6.3.2.1 Ion Source and Injector

M.R. Shubaly and M.S. de Jong

Component fabrication for the RFQ1 injector is essentially complete with only
the solenoid winding still outstanding.

6.3.2.2 Control and Instrumentation

M.R. Shubaly, D.W. Clements and J.G. Plato

Based on experience with a data acquisition system consisting of an IBM PC and
a Taurus One/05 front-end, it was decided to use two similar systems on the
RFQ1 experiment - one for the injector and one for the rest of the experi-
ment. Some specialized software for our application will be written by the
vendor.

6.3.2.3 Accelerator Codes and Calculations

6.3.2.3.1 Llnac Codes

B.G. Chidley and G.E. McMichael

The RFQTRAK program which uses finite element methods for space charge calcu-
lation is now operational and the results have been compared with the more
approximate but much faster PARMTEQ code over a wide current range. Differ-
ences exist between the results, but for many applications, such as trans-
mission estimates and design studies, PARMTEQ appears to be sufficiently
accurate even at the space charge limit, so that the additional calculation
time of RFQTRAK is not justified.

The- PARMTEQ and PARMILA codes have been modified to do particle dynamics
calculations for heavy ions in RFQ and drift-tube linacs respectively. Both
codes now have facilities to design linacs for a specific mass/charge ratio,
and then do beam dynamics calculations with different mass/charge ratios.
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6.3.2.3.2 RFQ3D Code Development

R.M. Hutcheon

In cooperation with TRIUMF staff the code RFQ3D, an equivalent circuit code
for simulating three dimensional properties of some specific cavity configu-
rations, has been adapted to describe the mode and field distributions of the
TRIUMF main cyclotron rf cavity.

An improved understanding of the cavity characteristics was obtained, and, as
a result, a few methods were suggested for flattening the fundamental and
third harmonic fields and for reducing rf power leakage into the beam cavity.

6.3.2.3.3 SUPERFISH Code Development

M.S. de Jong and W.L. Michel

A more recent version of the 2 dimensional rf cavity design code, SUPERFISH,
was implemented under NOS/BE. New features in this version are the use of
dielectric and permeable materials in the cavity, calculation of frequency
shifts caused by boundary perturbations, and high resolution graphical output
of the problem solution. This version is being used for PETRA II and beam-
light quench cavity designs.

6.3.2.3.4 Design of TRIUMF ISOL Post Accelerators

G.E. McMichael and B.G. Chidley

Work on a conceptual design study for a proposed ISOL post accelerator for
TRIUMF is approximately 50% completed. The design requirements are to
accelerate particles of mass 6 to 60 amu from 1 keV/amu to 60 keV/amu, to
strip particles of mass 21-60 amu to charge state 3, and then to further
accelerate them to 1 MeV/amu. Variation of output energy, at least in the
range 0.5 to 1 MeV/amu is also required.

6.3.2.4 High Power RF Systems

J.C. Brown, H.F. Campbell and D.W. Clements

The rf system was used for operation of the Alvarez linac and the Resonant
Load.

6.3.2.5 Structure Development

6.3.2.5.1 Resonant Load

J.C. Brown, J. Ungrin, H.F. Campbell, D.W. Clements and J.C. Jones

The aluminum drift tube was modified with a longer main body section to lower
the cavity frequency by 5 MHz to approximately 266.3 MHz where the rf system
is expected to give better performance (PR-P-140, 6.3.2.4; AECL-8648). During
initial operation at low drive power, considerable sparking occurred In the
narrow gap between the drift tube stem and the tank. A "Multi-lam" contact
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spring is being installed on the stem close to where it enters the tank to
eliminate the long current path between the tank inner surface and the drift
tube stem seal. This spring has a large conducting surface, short current
path and is well cooled.

The copper drive loop with the ceramic disc window was installed on the
Resonant Load for power testing.

6.3.2.5.2 High Power Drive Loop

J.C. Brown, R.B. Turner (Special Projects Division) and J.C. Jones

Work continued on the two versions of copper drive loops for the resonant
load. One uses a flat disc ceramic window and the other a cylindrical window.

The disc version was assembled with an uncoated window, vacuum leak tested and
installed in the Resonant Load facility. It has behaved well at low power and
high power tests will be done when other tank problems are resolved.

Manufacture of parts and sub-assemblies for the cylindrical window loop is
complete. Assembly has been delayed pending availability of a TIN coated
window assembly. Both a disc and a cylindrical window assembly were sent to
an outside supplier for coating. This supplier is using a recently developed
process for applying heavy TiN coatings on machine tools and turbine blades.
The process had to be modified to apply a coating several orders of magnitude
thinner, approximately 10-15 nm. Process problems and tiny air leaks in the
furnace, normally inconsequential to tool production, complicated the task and
substantially delayed delivery. As received, the two windows had a slate grey
coating with only slight traces of the golden yellow usually attributed to
TiN. The surface resistance was many times lower than expected indicating a
substantial content of metallic Ti. The coating was abraded lightly to raise
the resistance to the required level. Some areas were very abrasion resistant
tending to confirm the presence of TiN. During the plating process, the
copper plating on the metal attachments blistered over large areas and made
the assembly unusable. These attachments are now being cleaned and replated.

The modeling work on the RFQ1 15 cm diameter drive loop was completed. The
design goal was to produce a constant impedance drive line but practical con-
siderations made this unattainable. The use of a straight cylindrical window
imposes large impedance discontinuities in the window region and at the ends
where the ceramic to metal seals and their corona shields are located. The
geometry was adjusted so that the net reflection was a minimum. Figure 6.3.1
depicts the loop shape and its mounting arrangement on the accelerator
structure.

Detailing of this design has been delayed until the structure design is com-
pleted.

6.3.2.5.3 Four-Rod RFQ Studies

R.M. Hutcheon and T. Tran Ngoc

A high power four-rod sparking test unit is being constructed as part of a
joint experiment with the University of Frankfurt and Los Alamos AT Division.,
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Fig. 6.3.1 Cutaway view of the 15 cm diameter drive loop
for the RFQ1 acceleartor.

The drive loop is to be supplied by the Frankfurt group and the high power
testing will be done in Frankfurt. Los Alamos is to supply a second internal
structure of different materials to broaden the scope of the tests.

Fabrication of the resonator tank assembly and of the internal four-rod
structure is complete and tuning of the structure is in progress. The drive
loop has arrived from Frankfurt, only slightly damaged, and the rf coupling
method is being tested. After final tuning cuts, the internal structure
requires a final braze.

6.3.2.5.4 RF Field Distributions In Holes in Cavities

R.M. Hutcheon and R.A. Vokes

The question of the influence of the vacuum pumping holes on the RFQ1 reso-
nator prompted a somewhat broader study to measure and understand (1) the rf
field distributions around holes in cavity walls and (2) the leakage of radi-
ation through holes.

Measurements of magnetic fields in cavity wall penetrations were made to pro-
vide engineering data for practical cavity design. The data were normalized
to cavity wall fields and, as expected, when all coordinates were scaled by
the transverse dimension of the penetration, the measured field distributions
were similar and differed by only small systematic amounts. These data are
thus generally applicable to any standard rf cavity, independent of frequency,
provided only that the penetration, when regarded as a waveguide, is well
below cutoff frequency. Until the results of three dimensional rf cavity
codes are commonly available, these numbers should assist design engineers in
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detailing the properties of tuning plungers, drive loops, pumping ports and
view ports.

6.3.2.6 RFQ Accelerating Structure

The RFQ accelerating structure is being designed to accelerate up to 75 mA of
protons from 50 to 600 keV. Designed for 100% duty factor operation and a
resonant frequency of 270 MHz, it will provide a test bed for a wide range of
high power RFQ accelerator experiments.

6.3.2.6.1 Mechanical Design and Fabrication

G.E. McMichael, R.M. Hutcheon, M.R. Shubaly, A.A. Walton (Civil and
Mechanical Design Branch) and J. Ungrin

(a) Vanes

RFQ1 requires four accelerating vanes. One prototype vane is being fabricated
to verify the fabrication process and for use in the vane test rig. Depending
on the test results, three or four additional vanes will be ordered. The vane
is complex, having a carbon steel body with a brazed OFHC copper tip, seven
cooling channels and a 3 m long racetrack shaped vacuum seal. Detailed
drawings were completed and a purchase order issued to Westinghouse Canada
Ltd. (Renfrew) for the fabrication which is scheduled to begin the week of
July 01.

(b) Vane Test Rig

When completed, the prototype vane will be mounted in a test rig which simu-
lates an accelerator tank quadrant. This rig is designed to verify the copper
gasket concept, check that positioning tolerances can be met and permit rf
tests to determine end tuner dimensions. The test rig detail drawings are
completed and include full scale gasket clamps that may be used on the final
RFQ1.

(c) Vane Adjusting Mechanisms

A total of twelve mounting units (three per vane) will be required. These
must be capable of positioning and maintaining the vanes to within ± 0.1 mm of
the design locations against vacuum and thermal distortion loads. Further,
for rf tuning and experiments to look at effects of vane positioning errors,
the ability to reposition the vanes over a range of radial positions of
± 0.5 mm and rotations about the vane base of ±0.5° is required. A prototype
mount/adjusting mechanism has been fabricated and tested and manufacturing
drawings for the production units completed.

(d) Main Tank

Detail drawings for the tank are being prepared using the CAD system, with
completion scheduled for late July. The heavy walled steel forging (380 mm 0D
x 220 mm ID x 1.75 m long) for the main body of the tank has been received and
ultrasonically tested.
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Finite element heat transfer analysis using two and three dimensional models
confirmed that even under full power (210 kW) the surface temperature should
nowhere exceed 100°C and in most areas should be < 60°C. Cooling channel
calculations, including those for the end flanges and racetrack seal clamps,
have been completed.

6.3.2.6.2 RFQ Vane Machining

B.G. Chidley

A full scale RFQ1 vane tip was machined on a test vane blank (using a numeri-
cally controlled milling machine) and measured with a profilometer. The RMS
error between the desired and measured profiles is 0.013 mm and in all
respects the contour appears to be satisfactory.

6.3.2.6.3 Alignment and Support Structures

T. Tran Ngoc

The vane alignment as well as the overall alignment system has been designed.
Drawings were produced except for some details that cannot be completed until
after the RFQ detail drawings are available.

6.3.2.6.A Radiofrequency Design

R.M. Hutcheon, R.A. Vokes, T. Tran Ngoc and J.C. Brown

The rf design of a stabilized tunable high current RFQ was completed and is
compatible with the extreme pumping and cooling requirements. Several design
innovations were introduced, including distributed pumping, compensated
straps, dual dynamic balanced tuners and a tuner compensated drive loop. The
code RFQ3D was demonstrated to be quantitatively useful for predicting design
characteristics.

6.3.2.6.5 Cooling Systems

J.C. Brown and G.A. Zakhlm (Process Systems Design Branch)

Owing to higher labour costs and an upgrade of design requirements, the esti-
mated cost of the de-ionized water system required for the injector and high
energy beam stops is considerably higher than initial estimates. As this
increase could not be accommodated in this fiscal year's budget ways were
examined to reduce costs and defer requirements to next fiscal year. Costs
will be reduced by changing the distribution piping between the pump package
and the individual load from welded stainless steel to PVC. Although all of
the major components of the pump package are on hand, its construction start
will be delayed until early 1986 to defer costs. In the interim a temporary
connection to the CWPL cooling system will provide water at reduced pressure
sufficient for injector commissioning and initial operation.

Detailing of the distribution piping for the RFQ structure cooling system was
postponed until the structure design was completed.
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Capital funds for the extension to Bldg. 610, proposed to house the two pump
packages (PR-P-140, 6.3.2.6.5; A£CL-8648), are not available and plans for the
extension have been dropped. Ar. the expense of existing experimental facili-
ties, hall noise level and some loss of RFQ frequency control bandwidth, main
hall floor space will be used to house the two pump packages.

6.4 Medical and Industrial Applications

6.4.1 Electron Test Accelerator

J. Ungrin

This accelerator is used for accelerator physics research and to develop new
accelerator components for high power applications. The electron beam is also
used for industrial irradiation purposes and as a source of electron and gamma
radiation for fundamental research.

6.4.1.1 Accelerator Operation

J.-P. Labrie

There was a total of 58 hours of cw beam operation during the period to per-
form irradiations. Operation was with currents below 200 yA and at an energy
of 4 MeV. Beam time was as follows:

- Wood chip irradiations 36 hours
- Washed pulp and paper sludge irradiations 10.5 hours
- Newsprint irradiations 6 hours
- Dosimeter development 4 hours
- Platinum disk irradiations 3.5 hours

High power rf tests of the Model 5 structure occupied 140 hours and revealed
design problems in the tuner ports which limit the cw power level to 26 kW.

The three heat exchangers for the klystrons and accelerator structures were
cleaned. The rf isolators at the output of the klystrons are being recon-
structed to repair and reduce the probability of future water leaks in the
cooling channels. A 100 kV, 30 mA power supply for the electron gun was
installed and commissioned.

6.4.1.2 Radiation Studies

6.4.1.2.1 Computation

K.C.D. Chan with M.A. Lone (Neutron and Solid State Physics Branch)

Calculations of bremsstrahlung and neutron yields from electrons on slab
targets, with the Monte Carlo method, was completed. A compilation of data

for Al, Fe, Cu, Pb, Be, Ta, W and D2O has been produced. An analytic,
approximate formulism has been developed to provide reasonable estimates of
neutron and high energy photon yields from targets of any material and
thickness.
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6.4.1.2.2 Neutron Activation in Irradiated Food

J. McKeown

High energies (« 10 MeV) bring attendant activation hazards and this is of
particular concern in irradiating food. The Codex Alimentarius has taken a
conservative approach to such perceived problems and has set specific limits
of 10 MeV and 5 MeV respectively for electron and photon irradiation of food.
The problem arises mainly from neutrons created in the radiator and the target
by photon interaction. In the latter case the neutrons arise from the 150 ppm

concentration of D2O in hydrogenous material. The neutrons are emitted
isotropically but as the photon yield is mainly forward peaked the geometry is
not critical In assessing the rate of neutron production.

The situation is quite different when capture probability is considered and
dose absorption efficiencies must be combined with neutron diffusion
parameters. Slowing down is due mainly to hydrogen atoms, hence Leboutet In a
recent study (Leboutet, H. and Aucouturier, J., Proc. of the Fifth Int.
Meeting of Radiation Processing, San Diego, 1984, to be published in Radiation
Physics and Chemistry) assumed a pure water medium and diffusion lengths the
same as for fission neutrons in a reactor. Table 6.4.1 adapted from Leboutet,
provides the number of neutrons produced and absorbed In typical geometries.
The relative effects of photon and electron produced neutrons in wet food are
compared with those resulting from the target in a typical Irradiator geometry
in Fig. 6.4.1. The activity created by these absorbed neutrons (21*Na is the
major contributor) and other competing nuclear processes Is typically similar
to 14C contamination one hour following Irradiation and a few percent of that
from 40K contamination after one day.

6.4.1.2.3 Dosimetry

K.C.R. Chan and R.T. Fredericks

Work on developing a dosimetry measurement system for industrial irradiators
has begun. A dose rate meter and a dose meter both using the calorimetry
method are being developed. For the dose rate meter, a small piece of
graphite is maintained at a constant temperature above the ambient temperature
with resistive heating. The difference In the electrical power required to
maintain the temperature without and with an electron beam is proportional to
the dose rate of the electron beam. The dose meter consists of a thin piece
of aluminum whose temperature is monitored. The electron beam current
incident on the dose meter is restricted by an aperture so that the tempera-
ture rise of the dose meter is small enough for heat loss to be insignifi-
cant. Experiments are being performed with ETA for electron irradiations and
with the Co irradiator in Radiation Biology Branch for gamma irradiation.
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Table 6.4.1

Neutrons in Wet Food per kGy

E

(MeV)

3

4

5

6

7

8

9

10

11

12

Slab1

Thickness, t
(cm)

2.55

3.4

4.25

5.1

5.95

6.8

7.65

8.5

9.35

10.2

Neutron*
Production

BOJ
x 103

1.72

0.85

1.45

1.88

2.16

2.32

2.40

2.44

2.42

2.42

0.043

0.193

0.52

0.98

1.52

2.12

2.78

3.41

4.18

4.92

Neutron
Capture

Probability

0.135

0.22

0.29

0.37

0.44

0.52

0.56

0.60

0.64

0.65

Neutrons
Captured

sen
% 10

0.57

0.68

1.16

1.51

1.73

1.85

1.93

1.95

1.94

1.93

0.01

0.04

0.15

0.36

0.67

1.10

1.56

2.05

2.68

3.19

Electron only.

2 4.8 ID*'1 H 2 atotns/g, on
l =. 24 E" ' • '[\-ex?(-0 .404(E-2 .'J

3 Electron only, B(y) capture coefficient 802 as t > 20 cm-

** Assumes pure water and fission neut TOT dlf f us Ion parameters.
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Fig. 6.4.1 Variation with energy of neutron absorption in food for electron
and photon irradiation assuming elemental composition of the human
body at a source/product distance of 30 cm.
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6.4.1.3 Structure Development

6.4.1.3.1 High Power Structure

J.-P. Labrie and H. Euteneuer (University of Mainz, W. Germany)

A 2450 MHz on-axis coupled structure, designed, fabricated and tuned at CRNL,
has been shipped to the University of Mainz where high power rf tests will be
performed to determine its performance and to verify the computer modeling of
the thermal behaviour and field stability of linac structures designed for
industrial irradiators. Results of low power rf tests done at the University
of Mainz are given in Table 6.4.2. A first neighbour coupling constant of
0.08 was obtained for the High Power Structure with coupling slots having an
angular span of 65°. The rf efficiency of the High Power Structure has been
improved by 7% over that obtained in structures with the same cavity profile
as used in the University of Mainz microtrons. The improvement in rf
efficiency is attributed to modifications in the width of coupling slots used
in the High Power Structure.

Table 6.4.2

Results of Low Power RF Tests of the High Power Structure

Effective Shunt Impedance (Mft/m)
Q
First Neighbour Coupling
Frequency (MHz)
Stopband Frequency Gap (MHz)

6.4.1.3.2 Chopper Cavity

J.-P. Labrie and J.C. Brown

A new injector beam line, designed for the beam chopper-buncher system, is
under construction. Fabrication and tuning of the beam deflecting cavity are
complete and the assembly of high power slits, designed to dissipate 10 kW of
100 keV electrons is nearly complete. An rf source, consisting of a 17 dB
gain solid state exciter stage, a 25 W driven module and a modified 200 W
Eimac Varlan cavity amplifier, is being assembled to power the beam deflecting
cavity. The output cavity of the Eimac Varian amplifier has a frequency range
of 825 to 875 MHz and is being lengthened for 805 MHz operation.

6.4.1.3.3 Computer Code Development

K.C.D. Chan and M.S. de Jong

During the design of a PETRA II coaxial cavity, a need arose for calculating
the effect of a piece of ceramic across an accelerating gap. Two computer

High Power
Structure

72
16200

0.08
2450
< 0.5

Structures Used in the
University of Mainz Microtrons

67
14500

0.04
2450
< 0.5
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codes URMEL-T and SUPERPISH were used for this problem. URMEL-T, which uses a
triangular mesh, is a new version of URMEL. A new version of SUPERFISH, modi-
fied to treat dielectrics, was used to check these calculations. The two
codes produced similar results for the resonator geometries studied and give
confidence in their use for cavity designs with dielectrics.

6.4.1.4 ETACON

K.C.D. Chan

Work on developing microprocessor based control systems in ETA has began.
This work is aimed towards replacing the aging Model 70 and developing an
easily expandable control system for industrial irradiator applications. Two
projects have been started: WATER, a control task to monitor and adjust the
cooling water temperatures of the accelerator structures; and BEAMSPIL, a task
to monitor and display the beam spill along the accelerator. Microcomputer
hardware is now being purchased for both projects and the interfacing
electronics are being built for BEAMSPIL.

6.4.2 Ion Source Development

M.R. Shubaly, R.G. Maggs, J.G. Plato and T. Tran Ngoc

Design and development of high-current ion sources and injector components is
continuing- Modifications to the anode insert have improved operating sta-
bility. Operation with a hot liner and anode achieved wall temperatures in
excess of 900°C, more than adequate for the feed materials being considered.
The excellent operation of the plasma generator power supplies using the fibre
optic telemetry system developed earlier has prompted a redesign of the light
link system to increase the number of channels and to increase system flexi-
bility.

A series of anode inserts were fabricated to study the effect of injecting the
feed gas (oxygen) Into different regions of the discharge. The most stable
operation occurred with the gas injected along the outer periphery of the
skirt of the anode insert. With this insert, the flows of both argon and
oxygen could be reduced. Electrodes to permit injection of the gas midway
through the PIG region and close to the plasma aperture plate are being
designed.

Development of an Ion source for use with low vapor pressure materials is
underway. A liner and anode Insert were fabricated from molybdenum and
installed in a standard source. At normal operating currents, the temperature
of both liner and anode were above 900°C (as indicated by the melting of
rivets of braze alloy placed in holes drilled in the liner and anode). Long
term operation with arsine is now underway to study deposit patterns. Design
of a liner for the large cusp-enhanced source Is underway.

An oven to evaporate non-volatile materials is being designed. The oven and
feeder tube are of ceramic and are separately heated. To reduce heat loss
from the oven, which can operate at up to 1500°C, extensive heat sheilds are
used. The oven is designed to be easily dismantled for cleaning and
reloading. The water cooled stainless steel vacuum housing can be completely
removed from the source If operation with gases is desired.
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An ion source adjustment mechanism which provides accurate and independent
control of the source position in translation and angle (both vertical and
horizontal) and rotation is being designed. Motion is controlled by stepper
motors to give repeatable and easily controlled movement. The flexible vacuum
joint consists of a bellows (for the translation and angle movements) and a
O-rlng (for the rotation). Tests of the O-ring seal were carried out to
determine static and dynamic friction forces.

Operation of the new plasma generator power supply system based on the fibre
optic telementry system has been very successful. No failures of the light
link have occurred in six months of operation and only a few power supply
failures (from spark induced transients) have occurred. The light link is
being redesigned to provide more channels (up to 256) and to improve flexi-
bility of configuration to allow more functions to be controlled from a single
crate. This redesign has also simplified the circuitry and improved the
update rate. Use of high-frequency switching-type power supplies is being
evaluated. These would reduce the size and cost of isolation transformers.
Installation of the arc power supply is underway.

An rf-driven cathode is under development. This would eliminate the problem
of filament burn-out when operating with active gases and would, in addition,
provide some pre-dissociation of the feed gas.

6.5 Mechanical Laboratory

J.E. Anderchek

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 half was:

Accelerator Physics Branch - 98.8%
Reactor Physics Branch - 1.2%

6.5.1 Heavy-Ion Superconducting Cyclotron

Mechanical assistance was provided for assembly, fitting and bench testing of
the complete foil changer system. Copper shrouds, for protection and
positioning of foils were brazed and mounted onto a roller chain.
Copper covers and rf contact wedges for the extraction system hill lenses were
completed and fitted. A vacuum housing and a Hall probe carriage were made
for magnetic field measurements in the magnetic channel beam pipe.

Components were made and tests performed to explore hot pressing of Macor
insulators into stainless steel collars for electrostatic deflector support
insulators. Two probe heads, two roughing valve assemblies, brackets, bellows
retainers and hangers were fabricated and the three probes were cleaned and
assembled prior to final installation.
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Other fabrications for this program included 1) couplings, sleeves and thermal
shield headers for the cryostat, 2) various alignment aids for the SCC probe
installations, 3) vacuum flanges for service lines and flow orifice plugs for
rf cooling lines, 4) a sensor mount for beam trajectory magnetic field
measurements, 5) a thermal shield plug for a storage dewar and 6) a mounting
frame for a bubble memory unit.

Modifications to SCC components during fitting and final assembly included
1) improving clearance of bracing vacuum sleeves, 2) remodeling 'D extension'
transfer line stop valve and fabricate replacement unions on extraction
cooling return, 3) reducing cryopump mounting flange thickness and fabrication
of warm up connections, 4) modifying the bolt tensioner cylinder mount and
repair of trim rod idler bushings, and 5) remodeling the injection beam line
magnetic shielding and reducing the arm length of injection Faraday cup.

6.5.2 High Current Test Facility

The aluminum drift tube of the Resonant Load was modified by lengthening the
body to lower the cavity frequency. The port coupler stem was modified to
replace the garter spring rf seal with a "Multi-Lam" high current contact
spring. The centre conductor of the 35 to 50 ohm transformer was modified to
fit the transmission line assembly.

Brazing operations and final assembly of the disc window version of the drive
loop for the Resonant Load was completed and leak tested. A number of modifi-
cations were made to the cold model version of the drive loop for the RFQ1
accelerator to improve the rf match of the assembly.

6.5.3 RFQ1

A new inner sleeve was fabricated for the Resonant Load tuner, and a new
aluminum taper dump for the 3 MeV Alvarez facility high energy beam line was
made. Brazing and assembly of the spool piece for t'.ie RFQ1 injector solenoid
was completed. A prototype vane mount for the RFQ was fabricated and tested.
Modifications to the design that would improve the positioning accuracy and
reduce fabrication costs were found and tested.

A front plate for the 0.5 m Ebert spectrometer was manufactured to allow use
of a television camera lens at the entrance slit and a Reticon photodiode
array at the exit slit. Two beam-light profile monitor mounts, threaded for
optical filters, and four mounting adapters for the 8-view ITE diagnostic box
were made.

Mechanical work was done on three different models this period. 1) The end
plates and end tuner sections of the RFQ1 aluminum cold model were modified.
2) Test pieces were made for the experiments on rf penetration into slots.
3) Tuning and assembly was started on the four-rod RFQ hot model to go to
Frankfurt.

6.5.4 Electron Test Accelerator

The fine tuning and assembly of a 2450 MHz on-axis coupled structure was
completed and the structure was sent to the University of Mainz where it will
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undergo high power rf tests. The assembly of a beam chopper cavity and the
fabrication of associated beam line components were completed. Copper linings
in the tuner ports of the Model 5 structure were expanded to improve the
electrical contact with the stainless steel outer wall. Grooves were machined
and the diameter of the plungers was reduced to improve the vacuum conductance
and avoid mechanical contact with the walls of the tuner ports. A prototype
dosimeter and several dose rate meters were fabricated, and repairs were made
to water leaks in the RAPELA acrylic model and to the drive mechanism of the
buncher cavity tuner.

6.5.5 Ion Source Development

Components with temperature indicators for hot liner tests, an xy EMU beam
stop with mounting plate and O-ring friction test pieces were fabricated.
Three plasma aperture plates, three centre gas feed anode inserts, an rf
cathode and a cusp electrode alignment jig were manufactured. An extraction
electrode and four plasma aperture plates were refurbished. Two intermediate
electrodes were re-sleeved and modifications were made to a new motor mount
for the emittance unit.

6.5.6 Reactor Physics

The ZED-II prototype control rod was rebuilt, another one was repaired and the
drawings were updated. Two fuel hangers, a threaded pressure plug for a glass
sample holder and a supply of copper foils and aluminum pellets were fabri-
cated.

6.6 Publications, Reports, Conference Presentations, Lectures and Patents

Publications

EFFECTS OF HIGHER ORDER MULTIPOLE FIELDS ON HIGH CURRENT RFQ ACCELERATOR
DESIGN
G.E. McMichael and B.G. Chidley
Proceedings of the Europhysics Conference, Computing in Accelerator Design and
Operation, Berlin, Germany, September 20-23, 1983, Lecture Notes in Physics
215, 212 (1984).

BREMSSTRAHLUNG AND PHOTO-NEUTRON YIELDS FROM 5-25 MeV ELECTRONS ON THIN SLABS
OF Al, Fe, Cu AND Pb
K.C.D. Chan and M.A. Lone
Nucl. Instr. & Methods BIO/11, Part I, 419 (May 15, 1985).

PROTON BEAM DIAGNOSTICS USING OPTICAL SPECTROSCOPY
M.S. de Jong and N. Rowlands
Nucl. Instr. & Methods B10/11, Part II, 822 (May 15, 1985).

CW LINEAR ACCELERATOR DEVELOPMENTS AT CRNL - STATUS AND FUTURE
G.E. McMichael
ibid., 825.
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AN INTENSE RADIATION SOURCE
J. McKeown, J.-P. Labrie and L.W. Funk
ibid., 846.

RFQ1 AND THE SPARKER - CW PROTON RFQ's AT CRNL
G.E. McMichael, J.C. Brown, B.G. Chidley, M.S. de Jong, R.M. Hutcheon,
S.O. Schriber, M.R. Shubaly, T. Tran Ngoc, R.B. Turner and A.A. Walton
ibid., 851.

CANUTRON - A CLEAN ACCELERATOR NEUTRON GENERATOR
B.G. Chidley, G.E. McMichael and S.O. Schriber
ibid., 888.

IMPROVING THE LONGITUDINAL ACCEPTANCE OF LOW ENERGY ELECTRON LINACS
L.W. Funk
ibid., 896.

REPORT OF NEAR FIELD GROUP
R.B. Palmer (Group Leader), N. Baggett, J. Claus, R. Fernow, I. Stumer,
H. Figueroa, N. Kroll, L.W. Funk, G.E. Lee-Whiting, M. Pickup, P. Goldstone,
K. Lee, P. Corkum, T. Himel, 2nd Workshop on Laser Acceleration of Particles,
Los Angles, CA, 1985 January 7-18, SLAC-PUB-3629 (1985 April).

Reports

THE TANDEM ACCELERATOR SUPERCONDUCTING CYCLOTRON (TASCC) FACILITY SAFETY
MANUAL
G.C. Ball, N. Burn and J.H. Orrarod
AECL-MISC-263
1985 February.
Unpublished report, available from Atomic Energy of Canada Limited, Chalk
River, Ontario, KOJ 1J0.

THE DESIGN, CONSTRUCTION AND TESTING OF AN ENVIRONMENT RETAINING DEEP SEA
WATER SAMPLE COLLECTING SYSTEM - A UNIT 2000 PROJECT
T.J. Shultz, E.L. Spaice, R.M. Hutcheon
AECL-MISC-261
1984 October.
Unpublished report, available from Atomic Energy of Canada Limited, Chalk
River, Ontario, KOJ 1J0.

LOW POWER RF MEASUREMENTS ON A MODEL OF A 2 ßX ALVAREZ TANK
J. Ungrin and R.A. Vokes
AECL-8638
December 1984.
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Conference Presentations

SUPERCONDUCTING COMPACT CYCLOTRONS
J.H. Ormrod.

CYCMATCH: A PROGRAM FOR AUTOMATICALLY MATCHING THE EMITTANCE AND DISPERSION
OF THE BEAM INJECTED INTO THE CHALK RIVER SUPERCONDUCTING CYCLOTRON
W.G. Davles and E.A. Heighway.

The two papers listed above were presented at the Fourth International
Conference on Electrostatic Accelerator Technology, Buenos Aires, Argentina,
1985 April 15-19.

NEUTRON AND BREMSSTRAHLUNG YIELDS FROM 5-25 MeV ELECTRONS ON NATURAL ELEMENT
TARGETS OF VARIOUS THICKNESSES
M.A. Lone, K.C.D. Chan and P.Y. Wong
Paper presented at the International Conference on Nuclear Data for Basic and
Applied Science, Santa Fe, New Mexico, 1985 May 13-17.

FOIL CHANGER FOR THE CHALK RIVER SUPERCONDUCTING CYCLOTRON
C.R. Hoffmann, R.I. Kilborn, J.F. Mouris, D.R. Proulx and J.F. Weaver.

HIGH POWER ELECTRON LINAC STRUCTURE
J.-P. Labrie.

FIRST OPERATION OF THE TASCC BEAM BUNCHING SYSTEM
C.B. Bigham, T.K. Alexander, R.J. Burton, E.A. Heighway, J.E. McGregor and
E.P. Stock.

CHARACTERISTICS OF LARGE BEAM HOLE BIPERIODIC ACCELERATOR STRUCTURES
K.C.D. Chan and S.O. Schriber.

PENETRATION OF RF FIELDS INTO HOLES IN CAVITY WALLS
R.M. Hutcheon and R.A. Vokes.

THE RF DESIGN OF A 270 MHz, CW FOUR VANE RFQ
R.M. Hutcheon, R.A. Vokes, T. Tran Ngoc and J.C. Brown.

BEAM TRANSMISSION OF RFQ1 CALCULATED USING THE FINITE ELEMENT METHOD FOR SPACE
AND IMAGE CHARGES
B.G. Chidley and N.J. Diserens.

RADIATION PROCESSING USING ELECTRON LINACS
J. McKeown.

SUPERGOBLIN - THE ACCELERATED ORBIT CODE IN USE FOR THE CHALK RIVER
SUPERCONDUCTING CYCLOTRON
E.A. Heighway and C.R. Hoffmann.

BEAM PROBES FOR THE CHALK RIVER SUPERCONDUCTING CYCLOTRON
J.D. Hepburn, J.D. Walsh and E.H. Williams.

A HIGH-CURRENT OXYGEN ION SOURCE
M.R. Shubaly, R.G. Maggs and A.E. Weeden.
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MODELING THE TRIUMF RF CAVITY USING THE CODE RFQ3D
D. Dohan, K. Fong and R.M. Hutcheon.

MODEL STUDY ON THE REDUCTION OF RF LEAKAGE IN THE TRIUMF CYCLOTRON
K. Fong, D.A. Dohan, V. Pacak and R. Hutcheon.

COMMISSIONING THE CHALK RIVER SUPERCONDUCTING CYCLOTRON
J.A. Hulbert, C.B. Bigham, E.A. Heighway, J.D. Hepburn, C.R. Hoffmann,
J.H. Ormrod and H.R. Schneider.

EXPERIMENTS ON THE PLASMA BEAT-WAVE ACCELERATOR
N.A. Ebrahim, P. Lavigne and S. Aithal.

The fifteen papers listed above were presented at the 1985 Particle
Accelerator Conference, Vancouver, British Columbia, 1985 May 13-16.

HIGH FLUX BREMSSTRAHLUNG SOURCE
J.-P. Labrle, L.W. Funk, S. Gowans and J. McKeown
Paper presented at the 6th Symposium on X-Ray and Gamma-Ray Sources and
Application, Ann Arbor, Michigan, 1985 May 21-23.

SUMMARY OF 1981 HIGH CURRENT BEAM DYNAMICS WORKSHOP
G.E. McMichael
Paper presented at the Workshop on High Brightness, High Current, High Duty
Factor Ion Injectors, San Diego, CA, 1985 May 21-23.

A NEW GENERATION OF INTENSE RADIATION SOURCES
J. McKeown.

HIGH CURRENT ION BEAMS IN INDUSTRY
M.R. Shubaly.

The two papers listed above were presented at the Sixth Annual Conference of
the Canadian Nuclear Society, Ottawa, Ontario, 1985 June 2-5.

Lectures

NEW RADIATION APPLICATIONS WITH ACCELERATORS
J. McKeown
Seminar presented at Atomic Energy of Canada Limited Research Company,
Whiteshell Nuclear Research Establishment, Plnawa, Manitoba, R&D Seminar
Series, 1985 May 09.

The lecture listed above may not be available in print.

Patents

CANADIAN PATENT NO. 1 183 570

OFF-AXIS ELECTRON GUN
R.M. Hutcheon
Issued 1985 March 05.
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