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SUMMARY

J.C.D. Milton

1.2 Nuclear Physics Research

1.2.1 TASCC Facility Progress

First beam from the reversed tandem was obtained in October and transported
as far as the last Faraday cup in front of the cyclotron. All indications
are that the beam transport system behaves as predicted.

In November accelerator tube #1 was removed and sent to High Voltage
Engineering Corp. (HVEC), Burlington, for the repair of several faulty vinyl
acetate seals. Subsequently all eight tubes were sent to HVEC for repair.
They are expected back by the end of February 1985.

Persistent leaks in the cyclotron cryostat piping have delayed final
construction. The leaks are attributed to stress corrosion cracking. A new
manifold has been constructed with a stainless steel resistant to this type
of fault and first beam injection is scheduled for the end of March 1985.

Commissioning of the Safety System is complete and the Safety Analysis
Report approved by the AECL. Accelerator Safety Committee.

The relocation of ISOL is complete.

The Phase II RFA is being rewritten to conform to new standards for RFA
presentation.

The plans for reorganization of the experimental control room are complete
and implementation under way. The Perkin-Elmer data 3230 acquisition
computer is housed in a new climate controlled section. Relocation of
electronics and cabling is nearing completion.

The construction of the 8it spectrometer is on schedule. The computer system
is operational and in routine use testing electronic components.

The Physics case for a reaction studies program on TASCC (AECL-8478) has
been published. The large interim scattering chamber on which the early
work on this program will be carried out is complete as are two large area
position sensitive avalanche counters and an ion chamber. The forward angle
light-ion detector has been returned to the manufacturer to repair the bad
optical contact between the scintillator and the phototubes.
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1.2.2 Research Activities

Neutrino Mass Experiment - Good progress has been made with new methods of
calculating the performance of the %/l spectrometer, with the installation
of the new data acquisition system, and with the construction of the multi-
element detector. However difficulties are being encountered in the produc-
tion of a suitably thin (1 (Jg/cm of Ti) tritiated titanium source because
of problems with oxidation and source uniformity. It is planned to make a
2 ng/cm thick source and measure its performance.

Superallowed Fermi ß-decay - The analysis of the energy differences of four
doublets obtained by measuring ( He,t) Q-value differences on the QD3
spectrometer has been completed. The new results have a precision of 200 eV
or less and are generally two to three times more precise than previous
determinations. These results form part of a detailed new reassessment of
all eight accurate measurements of 0+->0 superallowed transitions.
Although an improved value for the average ^-t value is obtained, inconsis-
tencies among the measurements suggest that reexamination of the radiative
correction terms is required.

Effective Charge and E2 Mirror Transitions - The systematics of certain of
these transitions are inconsistent with a constant effective charge. A new
look at the theory shows that when antisymmetrization is properly taken into
account the effective charge is mass dependent. The isoscalar and isovector
components give a linear dependence. The data are not sufficiently precise
to test the expectation but are not inconsistent with it.

An Isotope Separator at TRIUMF - A CRNL group has participated in this study
and contributed to the proposed experimental program.

Photofission Measurements at the University of Illinois - The reproducibil-

ity of the 2 3 8U photofission cross section measurements has been improved by

a factor of four by installing a Nal(TJl) detector to monitor electron beam

fluctuations. Consequently, six weak peaks have been observed between 5.06

and 5.50 MeV, well below the fission barrier.

Comparison of Bremsstrahlung and 6(fco l"ray Energy Utilization

Efficiencies - Calculations show that the 5 MeV electron-induced

bremsstrahlung from a Ta target is about 50^ more efficient than the

Isotropie y radiation from a Co source for irradiating water.

Parity Experiment on ETA - The first production run to search for parity
violation in the photodisintegration of deuterium was completed. Although
major technical problems significantly reduced the time spent in collecting

the statistical accuracy of the data that was collected is better than

A Real Time Solar Neutrino Detector - A possibility is a 1000 Mg D 20
Cerenkov counter in a deep underground mine. Measurements of the
light-quanta output of tritiated DjO have revealed that consideration of the
background from trace amounts of % will have to be taken into account.
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1.3 Condensed Matter Physics

Molecular-dynamics simulation calculations were used to interpret the
structure and dynamics of the orientationally disordered crystals ß-N2 and
SFg. The SFg results require a revision to current theories of collective
excitations in orientationally disordered crystals.

The determination of the crystal structure of the hydrogen storage compound
7> is complete.

Analysis of the neutron scattering from UPt 3 shows that a gap exists in the
heavy ferraion spectrum. It forms in the normal phase and appears to be an
essential precursor of the superconductivity.

A technique for using a kappa diffractometer for measuring crystallographic
texture by neutron scattering has been developed. A number of samples of
practical application have been investigated. A computer-controlled
thermogravimetric system has been designed and built and is being used to
study water losses in DNA.

Preliminary measurements of axial strain in the girth weld of a section of
36" steel pipe indicated measurable difference in strain between the inner
and outer walls. In future measurements, a different geometry will be used
to obtain better resolution.

The work on determination of quantum corrections to the thermal neutron
scattering of almost classical liquids has been completed and submitted for
publication. It has been found that local field corrections in the neutron
refractive index are generally negligible or of the same order as the
experimental uncertainties. A new method that iterates a differential
equation rather than solving an integro-differential equation has been
devised and considerably speeds up the calculation of the range distribution
of ions implanted at moderately high energies.

Distributed sources with activities in the range 20 to 10 Bq, to be used as
surface contamination standards by R&IS Branch, have been successfully made
and calibrated.

1.4.1 Theoretical Physics - Field and Grand Unified Theories

1.4.11,12,13 It has been demonstrated that despite previous opinions
Yang—Mills theories in the light cone gauge are renormaliz-

able. A set of lecture notes on these theories in the axial and light cone
gauges has been published as AECL-8630. A basic problem ir Kaluza-Klein
theories is to explain the dynamics of the contraction of the extra
dimensions. One approach is to attribute the contraction to quantum
fluctuations. It has been shown, as is necessary, that in this case the
metric in the full dimensional space time is independent of the power of the
scalar field (the Weyl factor).
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1.5 Applied Mathematics and Computation

1.5.2,3 CDC 6600/CYBER 175 and 720 Systems - Hardware enhancements to
the central site computers and peripherals include the addition

of one million words of extended semiconductor memory to the 6600/175
system, the addition of 131 K words of main memory, a second central
processor, a disc controller and disc drive to the 720 system, and the
replacement of existing plotters with a new Nicolet Zeta multi-pen plotter.

1.5.4 Subroutine Libraries - A new edition of the IMSL Library was
installed on NOS and NOS/BE and two new AELIB functions to

compute the latent heat of vaporization of water.

1.5.5 Programming Languages and Utilities - The major developments
have been: the BASIS information retrieval system was installed

on NOS/BE and an end-user query module, SIR/SQL+, for interrogating SIR
databases, was installed on NOS.

1.5.6 Graphics - A NOS/BE translator program was written to convert
AELIB plot files to Nicolet Zeta plot files.

1.5.7 Communications - Developments in communications subsystems

include the replacement of the PACX-II by a PACX-IV, an upgrade
of the synchronous link between CRNL and WNRE from 4800 to 9600 baud, the
addition of statistical multiplexors to this link to provide five
asynchronous paths in addition to the synchronous connection, an expansion
of the PAD in Building 375, the installation of a similar PAD in Building
145, and the installation of a multiplexor in Building 227 to enable four
terminals to be connected to one data circuit. A trial of Telecom Canada's
ENVOY 100 electronic messaging service has been undertaken to provide an
assessment of its potential for improving intersite communications.

1.5.9 Microprocessor System Support - A Z80 cross-assembler was

installed on NOS and NOS/BE.

1.5.11 Stress Analysis Programs - The MARC code has been used to model
three problems of interest to CANDU Operations staff, namely the

buckling of a calandria tube from wear at a garter spring location, the
behaviour of a calandria tube under internal pressure resulting from the
failure of the pressure tube, and the deformation of fuel elements. An
interactive graphics program, MENTAT, designed for use with engineering
structural analysis programs, has been tested on the NOS system.

1.5.12 Gas Release from UP ? Fuel - A new technique for the solution of

the equations describing the release of fission products from
irradiated UO2 fuel grains during temperature transients has been
developed. The algorithm will be incorporated in the existing fuel element
simulation programs.
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1.5.1 Computer Simulation of Ultrasonic Testing - A new numerical
scheme was devised to improve the efficiency of the computer

model of ultrasonic waves in metals, resulting in a four-fold increase in
efficiency. The code was used to predict the reflected energy from a crack
at various angles of incidence.

1.5.15 Interpretation of Pulsed Photoacoustic Experiments - For pulsed
photoacoustic experiments in gases in which a diagnostic cw

laser beam is used to detect changes in refractive index, a quantitative
relation between the density wave and the beam deflection has been
developed, enabling the wave properties to be determined from the observed
deflection.

1.5.16 Thermal Analysis of Li/T Capsules - The temperature inside an
experimental capsule containing lithium and tritium, planned for

testing in the NRU reactor in 1985, has been estimated with the TRUMP
computer code.

1.5.17 Shielding and Radiation Calculations - A modification has been
made to the SANDYL code to allow significantly improved spatial

resolution in radiation dose calculations. The MORSE code has been used to
compute the radiation field surrounding a drum of bitumenized waste for
different shielding configurations. The neutron and gamma-ray leakages out
of a cylindrical shield assembly designed for a modified version of a
SLOWPOKE-3 reactor were calculated using MORSE and ANISN. An interactive
program has been written to compute human radiation doses resulting from
radioactive releases to the environment.

1.5.18 Heat Transfer and Fluid Flow Service Programs - A number of
modifications to the HTFS library have been made, including the

installation of new versions of five of the codes, and the incorporation of
the CALCOMP plotting routines in one code. Twenty-one magnetic tapes were
issued to subscribers.

1.5.20 Information Handling Programs - The following were written or
developed: - a manpower and job scheduling system for Plant

Design Division; a system for recording and reporting equipment shutdowns in
the heavy water upgrading plant; a system for maintaining information on
AECL job applicants.
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5.22 Utilization of the Computing Centre during the second half of 1984 was:

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

Percentage of
Number of Jobs

1.84
0.39
0.18
8.99
4.73
0.08

22.83
0.89
0.59
5.61
2.45
7.33

0.42

20.59
10.28
1.18
2.36
3.78
0.00
0.17
1.19
3.54
0.21
0.13
0.07
0.19

Percentage of
Total Utilization

1.47
0.10
0.03
5.49
12.12
0.03

13.09
0.94
0.54
3.03
2.52
10.43

1.86

29.91
7.66
0.57
1.52
5.33
0.00
0.16
0.50
2.13
0.07
0.09
0.01
0.38
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1.6.1 Accelerator Physics

1.6.2 Research Applications and Generic Studies

Heavy-Ion Superconducting Cyclotron

The superconducting section of the extraction channel was assembled in its
refrigeration envelope, tested in a specially-designed cryostat and
installed in the mid-plane of the main coil cryostat.

The main coil cryostat has been transported to the cyclotron vault where it
is being prepared for installation in the yoke.

The cyclotron main coil power supply and switch gear have been commissioned
in the cyclotron laboratory and are ready for operation at full current.

The injection steering magnets control systems have been completed and
installed.

The rf power amplifier has been operated at high power over extended
periods. Faults that occurred in the output cavity and intermediate stage
during this extended running have been corrected.

The computer interface for the rf system has been completed and tested and
is now operational.

The low energy buncher was installed in the beam line and has been
successfully operated with a variety of beams.

The high energy buncher has been installed in the beam line and has been
operated at high power. Tests of the bunching efficiency await
installation of the remaining beam line diagnostics.

Beam phase control and the proof tests of the bunchers have been enhanced
by the development of a capacitive beam bunch phase probe.

The loader and unloader mechanisms of the foil changer have been installed
and tested in their vacuum envelope. Control circuitry has been designed
and is under test.

The extraction electrostatic deflector has been equipped with a
specially-developed series water resistor to remove the danger of rf damage
to the high voltage feeder cable.

The passive lenses and compensation elements for the extraction system have
been fabricated and fitted to the cryostat inner wall.

The beam diagnostic probe controller has' been completed, programmed and
bench-teeted and is in operation for mechanical and vacuum testing of the
two radial probe assemblies.
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Extensive runs of the code SUPERGOBLIN have been made to optimize the
design of the magnetic extraction channel. The code has been improved
further to allow optimization of beam guiding elements under a range of
geometric and magnetic restraints. The post-processor graphical display
has improved the information transfer to the viewer.

Laser Grating Accelerator

A collaboration is being considered among CRNL, NRC and BNL scientists to
conduct experiments on the laser grating accelerator concept.

Diagnostic Equipment Development

Determination of beam divergence from measurements of Doppler-broadening

of Balmer emission lines was successful. Root mean square beam divergence

could be meas ired with a precision of 0.2 mrad.

Analysis began on the effect of beam space charge electric fields on
hydrogen emission line intensities caused by Stark, mixing of the fine
structure levels.

1.6.3 Accelerator Breeder Studies

High Current Test Facility

Proton currents in excess of 10 mA have been drifted through the Alvarez
linac and the tank has been conditioned to the 165 kW design power level
in preparation for a final experimental run before moth-balling the
facility.

The injector vacuum chamber, beam stops and other components have been
fabricated.

The process control and instrumentation system is being converted to use
16 bit Multibus boards and Intel 8028G microprocessors.

An 1MB PC and Taurus I/O system have been purchased for a dedicated data
acquisition system.

The finite element particle dynamics code has been restructured to agree

with PARMTEQ in the zero current limit.

The RFQ3D equivalent circuit rf cavity code has been installed on the
TRIUMF computer to study the main cyclotron rf cavities.
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A redesign of the CANUTRON RFQ has reduced the costs for this proposal by
30% and the power requirements by 50%.

Cooling systems for the injector and RFQ have been designed and major

components ordered.

A short section of the RFQ1 vane-base seal has successfully passed all

tests in the Resonant Load.

The first of two ceramic window rf drive loops is ready to be high power
tested.

The forging for the RFQ structure has been ordered. Drawings for the
vanes are ready to be released for construction.

The 255 MHz aluminum RFQ cold model has been completed and is being used to
determine tuning parameters for the RFQ1 structure.

A study of the effect of vacuum pumping holes on RFQ frequency and Q is

nearing completion.

1.6.4 Medical and Industrial Applications

Electron Test Accelerator

The accelerator operated reliably during the period with 753 hours of

cw beam operation. Most of the beam operation (728 hours) was in support

of the parity violation experiment.

Qualitative information on beam profiles in the 45° line was acquired
with four plastic foils in air.

Irradiations were performed on Zr/1.5%Sn samples to study Sn vacancy
interactions in Zirconium.

Wood chips were irradiated as a part of a collaboration with NRC, Ottawa to
investigate enzyme hydrolysis of wood cellulose into glucose.

Work, on calculations of bremsstrahlung and neut'.on yields from electrons on
slab targets continues.

An analysis of the data from the bremsstrahlung yield experiment done
in collaboration with NRC, Ottawa indicates that Monte Carlo codes can be
trusted to estimate yields conservatively.

Axial and radial magnetic fields in the injector for the pulsed gun
experiment have been plotted and analyzed.
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Careful experiments with slot coupling show that SUPERFISH incorrectly
represents the dispersion curves of coupled cavity structures up to an
opening angle of 120°.

Construction continues on the high power 2.45 GHz on-axis test structure.

An assessment for a replacement of the Model 70 computer system is
underway.

Ion Source Development

Axial adjustments to the cusp magnets in a duoPIGatron have improved the
operation relative to a simple duoPIGatron.

0 currents of 140 mA have been extracted from a seven aperture
duoPIGatron.

Test stand operation has been improved by the addition of isolation
transformers and fibre-optic telemetry systems.
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(1) Visiting Scientist from Laboratoire René Bernas du CSNSCM, Orsay,
France; sponsored by National Research Council of Canada; reported
1984 February 27.

(2) Post Doctoral Fellow

(3) Visiting Scientist from Institute of Modern Physics, Lanzhou, The
People's Republic of China; reported 1984 February 23.

(4) Attached (part time) from the Université de Montréal.

(5) Student, attached from CEGEP de la Pocatière; terminated 84 July 26.

(6) Waterloo Coop Student - arrived 84 September 4; terminated 84 Dec. 21.

(7) National Summer Student from Queen's University; terminated 84 Aug. 17.

(8) National Summer Student from McGill University; terminated 84 Aug. 17.

(9) National Summer Student from Saskatchewan University; terminated
84 Aug. 14.

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 Source Preparation for the Neutrino-Mass Experiment

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

Efforts have continued to understand the problems associated with the
preparation of «1 ug cm"2 Ti films loaded with 2H. The H uptake of films
prepared by sublimation from a Ti wire and evaporation from a Ta boat have
been compared. Ti thickness control with the sublimation process is better
but the H uptake is inferior.

Resistive measurements have been made during film evaporation, deuteration
and oxidation on exposure to air. The early results are now believed to be
artefacts of contact resistances at the Ti-Au contact boundary. In new
measurements, which have been made with thinner, graded Au contacts, the
film resistances appear to decrease by a few percent when the deuterium is
admitted. This is contrary to expectation and not presently understood.

Several deuterated samples of Ti thickness 2.2 ug cm"2 to 4.2 ug cm"2 and H
loadings of 21 to c 200 ng cm" were exposed to air for periods up to 2-1/2
days with H content monitoring between exposures. No loss of H was seen
in any of the samples.

At present it appears unlikely that we shall achieve adequate H or H
loading at thicknesses much under 2 Mg cm~ of Ti. Experiments are planned
to measure the resolution for layers of this thickness.

2.3 Stretched Polypropylene Films for the Multi-element Counter of the
Neutrino Mass Experiment

D.W. Hetherington, R.L. Graham, M.G. Steer and P. Dmytrenko with
M.A. Lone and L. Milani (Neutron & Solid State Physics Branch)

The film stretching apparatus (PR-P-137: . 2.16; AECL-8106) was improved by
adding a 25 cm diameter annular heating element. This produces a larger
area of uniform temperature in the center of the stretching plate, which
makes it possible to produce films uniform in thickness to ± 10 ug.cm
(0.1 pm) over an area 25 cm in diameter.

Leakage rates through the films for air and isobutane gas were measured
under conditions similar to those that will apply in the multi-element
detector. Large random fluctuations observed previously in such
measurements (PR-P-139: 3.21; AECL-8554) were found to be caused by
problems in the apparatus as well as pin-holes in the films. By eliminating
these factors, more consistent values have been obtained as shown in the
table below.

Also shown in the table are the pressure differences at which the films
burst. In most cases failure of the film was preceded by an anomalous
increase in the leakage rate. The onset of this irreversible deterioration
of the film occurred at anywhere from 50% to 90% of the burst pressure.
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Leakage rates for isobutane at pressures up to 30 kPa are less than or about
the same as for air. At higher pressures, the isobutane leak rate increases
rapidly because of chemical exchange between the gas and the film. This
problem is eliminated by a thin (15 ijg.cm" ) coating of cellulose nitrate,
which also serves to reduce all leak rates by about half.

Films with metal coatings of 3 ug.cm" chromium and 10 Mg.cnT gold were
also tested. In some cases, the metal coating reduced the leak rate again
by half; but in about two thirds of the films treated, the metalization
process produced microscopic or visible pin-holes resulting in very high
leak rates. As a consequence of this unacceptably high failure rate, the
metalizing procedure has been abandoned in favour of films coated only with
cellulose nitrate.

Table 2.3.1

Leakage Rates and Burst Pressures for Polypropylene Films

(Film supported against a flat plate with 20 slots, each 1 mm by 100 mm)

Film Thickness

Polypropylene

50

100

100

100

(ug.cm l)

Cellulose
Nitrate

0

0

15

15

Gas
Chromium
and Gold

0

0

0

13

air

air

isobutane

air

isobutane

air
isobutane

Pressure
Difference
(kPa)

30

30
50
30
50

30
50
30
50

50
50

Leakage
Rate

(Pa.Ä/s)

0.67

0.33
0.67
0.33
1.9

0.13
0.27
0.13
0.27

0.15
0.17

Burst
Pressure
(kPa)

80

1A5

155

190
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2.4 Multi-element Counter for the Neutrino-Mass Experiment

R.L. Graham, J.S. Geiger, G. Audi, N.C. Bray, D. Hetherington,

A.R. Sprake with M.A. Lone (Neutron and Solid State Physics Branch)

Following successful use of the 10 cm high "stretched" FBS-102 side window
proportional counter (PR-P-139: 2.3; AECL-8554) it was decided to use the
same technology to develop a multi-element counter array. An earlier
attempt to develop a multi-wire proportional counter with printed circuit
board techniques proved to be disappointing (PR-P-137: 2.12; AECL-8106) and
has been abandoned for the time being.

The new counter array consists of 22 elements at 10 mm spacing. The
cathodes are U-shaped grooves in an OHFC copper block; the walls of the 7 mm
wide groves are machined at an angle of 30" to the normal. Since, in our
geometry the central ray enters the counter at an angle of 43° to the
normal, the 2 mm wide slits in the window support plate are offset such that
electrons passing through the centre of these slits are aimed at the 25 vm
central anode wires.

The counter has been assembled and mounted on the end of the spectrometer
vacuum chamber. A special holder was designed and built to ensure that
focused electrons approach the focal plane of the counter (21 cm wide by
10 cm high) at the required angle of 43° from the normal to the surface.

As noted in the preceding section, the thin 100 Pg/cra window is somewhat
porous to air and to isobutane. Since the expected gas leak rate would
adversely, affect the vacuum in the main chamber, a second outer window of
«50 Mg/cm has been incorporated. This is supported by a mesh plate with
somewhat larger slit-apertures (5 mm x 100 mm). The 3 mm gap between the
inner mesh and outer window is pumped continuously to maintain a pressure of
<5 Pa (40 um Hg). With this arrangement there is no measurable
deterioration in the main spectrometer vacuum of =0.2 mPa (1.5 x 10 torr).

A new gas handling system has been designed and installed near the counter;
it consists of 10 valves, five vacuum gauges and appropriate piping. One
section handles the flow of counter fill gas (isobutane) from a needle
valve ; the absolute pressure can be maintained at any desired level from 0
to 100 kPa by means of a Cartesian manostat and auxiliary pump; the normal
setting for our experiment will be about 35 kPa. A second section handles
the pumping between the inner and outer counter windows. The third section
connects to the main vacuum system and its auxiliary roughing pump. This
new system greatly facilitates the careful sequence of pumping and venting
needed to avoid damage to the delicate window films.

Initial tests of the performance of the counter array have been carried out
with a solid plate instead of the outer window mask. With an inner window
of 100 Pg/cm ' stretched polypropylene and an isobutane gas pressure of34 kPa
(250 torr) the observed gas leak rate was about 4 Pa.l/s. Using a common
anode potential of 1450 V the pulse height, observed with Y rays from a

Am source, was about the same for all 22 counters. The outer window has
now been installed and the counter is ready for tests with focused
electrons.
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2.5 Counter Electronics for the Neutrino-Mass Experiment

R.L. Graham, J.S. Geiger, R.E. Howard with R. Deal, L. Milani and
M.A. Lone (Neutron and Solid State Physics Branch)

Three single channel analyzer (SCA) units and three preamplifier units of
the design described in PR-P-136: 2.16; AECL-7982 have been installed at the
TT/2 ß spectrometer. Each unit handles signals from six counter elements.
The SCA units are in the control room and the 6-channel preamplifier units
are mounted next to the multi-element counter on the iron-free ß
spectrometer (PR-P-140: 2.4; AECL-8648). All eighteen channels have been
tested with a puiser; an input charge of 1 pC gives clean output signals of
=400 mV and cross talk between channels is <10 mV. An additional
preamplifier and SCA unit will be needed to process signals from all 22
counter elements.

2.6 Investigation of the Lifetime of the 7.012 MeV Level in ^C

T.K. Alexander with H.C. Evans, J.R. Leslie, H.-B. Male, P. Skensved
and L.J.M. Ouellet (Queen's University) and V. Jansen (McMaster
university)

The Doppler-shift attenuation lifetime data obtained at the Tandem Accelera-
tor laboratory at McMaster University (see PR-P-139: 2.5; AECL-8554) have
been analyzed. A linear least-squares fit has been made to the observed
centroid energy of the 7012 •* 0 keV transition as a function of the
reciprocal of the characteristic slowlng-down time of the ''He-implanted Au,
Nb and Zr foils gives i < 11 fs (2o limit). For comparison, the compiled
values (F. Ajzenberg-Selove, Nucl. Phys. A360 (1981) 1) are T = 13 ± 2 fs
from inelastic electron scattering and T < 7 fs from low velocity DSAM
measurements. Our limit supports the latter result rather than the
Inelastic electron scattering result and emphasizes the need to remeasure
this lifetime.

2.7 Radioactive Emission of C and Other Heavy Fragments

G. Audi, J.C. Hardy, H. Schmelng and E. Hagberg

The radioactive emission of C in competition with u-emission has been
discovered recently in heavy nuclei (see, e.g., Rose and Jones in Nature 307
(1984) 245). Now, experimental results are available for five nuclei:
221Fr, 221Ra, 222Ra, 223Ra and 221*Ra. We have performed calculations
assuming that a preformed cluster penetrates the Coulomb barrier. All known
nuclei above mass A=200 have been explored in these calculations, and we
considered all cluster nuclei whose masses are known or well estimated from
systematics.

Our calculations confirm, qualitatively, the five experimental results.
Preformation probabilities of the clusters are deduced for these five
cases. They are approxlraatively 3 x 10" for even-even nuclei and 3 x 10
for odd nuclei.
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2.8 Experimental Evidence Against the Proposed Band Based on a Shane

Isomer in S

J.D. MacArthur, S.-P. Kwan, H.-B. Mak, W. McLatchie, S.A. Page and
S.-S. Wang (Queen's University) with T.K. Alexander

The existence of shape isomers has been predicted by several models and
identified in many nuclei with Z > 92. However, for light nuclei, although
they are predicted, no convincing evidence for such structures has been
observed. Recently, interest in the existence of shape isomers in light
nuclei has increased because these shape isomers have been suggested as a
possible explanation of anoraalons (B.F. Bayman et al. Phys. Rev. Lett. U9_
(1982) 532), excited nuclear species produced in high energy collisions.
They are conjectured to have relatively long lifetimes (c10~ s) and
anomalously short mean free paths, indicative of very large reaction cross
sections.

Schultheis and Schultheis (Phys. Rev. C27 (1983) 1367) have examined the
experimental information on the levels and spins in the light A = 4N nuclei
and concluded that many of these nuclei have sequences of states that are
good candidates for bands based on shape isomers.

An especially favourable case is S for which two calculations
(H. Schultheis and R. Schultheis, Phys. Rev. C25 (1982) 2126; K. Langanke,
Phys. Rev. C28 (1983) 1574) have suggested that a b.ind could exist with its
0 + isomeric band head at Ex=8 MeV and with an intvinsic quadrupole moment
of 2.08 - 2.19 eb. Furthermore, very enhanced E2 transitions are expected
between the levels. The identification of candidates for such bands rests
on the location and lifetime of the band head and the energy spacing and
spin sequence of the levels based on the shape isomer. Schultheis and
Schultheis have used these criteria to identify from the known levels of
S the states at 8.507, 9.065 and 10.276 MeV, having spins and parity of

0+, 2 + and 4 + respectively, as an exceptionally favourable set for such a
band.

Experimentally, the 0+ 8.507 MeV and 4 + 10.276 MeV states have only been
seen in the S(p,t)32S reaction (H. Nann and B.H. Wildenthal, Phys. Rev.
C13 (1976) 1009). The 9.065 MeV state was not observed in the (p,t)
reaction but has been observed in the Si(a,y) S reaction and a spin and
parity of 2 +, 3~ or 4 + has been assigned (D.W.O. Rogers et al. Nucl. Phys.
A281 (1977) 345). To be in agreement with the model calculations, the spin
and parity of the 9.065 MeV level has to be 2+. Since the predictions of
the shape-isomer states are based on alpha or cluster models for S, it
seemed probable that the Si(a,y) S reaction would excite these states.
In the present experiment, the spin of the 9.065 MeV state was determined
and the radiative decays of the 8.507 and 10.276 MeV states were sought
through the reaction Si(a.-r) S. The spin and parity of the 9.065 MeV
level is 4 + in contradiction to the model prediction, and no evidence for
the 0 + band head or the 4 + member was found. Since there is no other 2 +

state known at this excitation energy in S, the present result is strong
evidence against the proposed band.
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2.9 Lifetimes of Levels of 3**Ar

T.iC. Alexander, G.C. Ball, D. Horn with J.S. Forster and I.V. Mitchell
(Solid State Science Branch) and H.-B. Mak (Queen's University)

Neutron-y-ray coincidence data from the He( S,n) Ar reaction (see
PR-P-133: 2.7; AECL-7683) have been analyzed and lifetimes deduced with the
Doppler-shift attenuation method. A summary of the present lifetime values
and previous values is given in Table 2.9.1. The previous values are from
J.M.G. Caraça et al. Nucl. Phys. 193 (1972) 1, H. Grawe et al. Z. Phys. 268
(1974) 419 and R.A.I. Bell et al. Nucl. Phys. A222 (1974) 477. The present
results are from 0° lineshape analyses and from a centroid shift analysis of
data taken at 0°, 60° and 135°. The adopted value is shown in the last
column of Table 2.9.1. For the 2\+ and 22

+ levels the agreement between the
present results and the compiled values is not good. The previous results
are believed to be unreliable because of systematic errors introduced by
assumptions regarding the stopping powers. Thus we have not averaged our
present results with the previous data to get the adopted value. The quoted
uncertainty includes statistical uncertainties, uncertainties due to feeding
intensities and lifetimes, and a 5% uncertainty in the stopping power.

The present measurements complete the information on the mass 34 triplet for
the 2i+ and 2^+ levels. Their counterparts in i4S have been measured by
G.C. Ball et al. (Nucl. Phys. A349 (1980) 271) and by J.A.J. Hermans et al.
(Nucl. Phys. A255 (1975) 221). The transitions between the T=l, Tz=0
levels in CA. have been measured by J. Keinonen et al. (Nucl. Phys. A412

(1984) 101). The E2 matrix elements M (T„) = i(2J.+l) B(E2, i - f ) j W

I P " I •*•

for the 2i+ -• 0i+, 2/1" * 01+ and 2,+ -•• 2 t
+ transitions are summarized in

Table 2.9.2. It is noted that the linear relation between Mp(T2) and
Tz is not well demonstrated in the 2i+ -»• 01+ transition.

The theoretical matrix elements are from Brown and Wildenthal (private
communication) and those marked "H.O. Theory" are based on their latest
shell-model calculations, which use the "universal sd" interaction and
harmonic oscillator potential wavefunctions. The values in Table 2.9.2
marked "WS2 Theory" have the effect of the Coulomb potential in them. The
assumed effective charges for the protons and neutrons are ep = 1.35 and
en = 0.35 respectively for the H.O. case and ep = 1.15 and en = 0.45
for the Woods-Saxon case. It is seen that the 2\+ •*• 01+ transitions are in
reasonable agreement with experiment. However, the predicted change in sign
for the 2Z

+ •*• 0i+ transitions in going from T? = +1 to Tj. ~ ~1 is n o t

supported by the observed large value for the d analogue transition and
the assumed linearity connecting these matrix elements. The relative signs
of Mn and Mp for the 2z+ * 01+ transition in 3"*S have recently been
investigated and found to be positive by A. Saha et al. (Phys. Rev. Lett. 52_
(1984) 1876), who used 120 MeV alpha-particle inelastic scattering and
negative by A.M. Bernstein et al. (Phys. Rev. Lett. 9̂_ (1982) 451), who
used 650 MeV proton inelastic scattering.
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A recent experiment with 50 MeV it+ and IT inelastic scattering to the 2 j +

level in 3 4S has given the value M /M = 1.14 ± 0.08 (R.J. Sobie et al.
n p

Phys. Rev. C30 (1984) 1612). This is to be compared to the results of

Table 2.9.2, i.e. M (T=-l)/M (T,=+l) = 1.06 (0.07), which leads to
M (+D/M (+1) = 1.00 (0.07) for S when a Coulomb correction is applied
n p
(see B.A. Brown et al., Phys. Rev. C26 (1982) 2247).

The results summarized here are being prepared for publication.

Table 2.9.1

Level
(keV)

2091

3288

3871

4128

4513

2i +

22+

02+

(23+)

3i

P

CARAÇA

et al.

150(50)

120(65)

-

-

300(80)

Summary of

R E V I 0

GRAWE
et al.

200(60)

130(60)

>600

>400

260(80)

Lifetimes :
34,

Ln Ar

T(fs)

U S

BELL

et al.

330(80)

215(70)

-

<350

390(180)

Line

Shape

490(65)

255(50)

> 270

<310

-

P R E S E

Centroid

400(80)

385(95)

> 200

130( )
-130

-

N T

Adopted

460(60)

280(50)

> 270

1 130(-JS:
-
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Nucleus

3"s
34 Zl

3V

3"S

3V
34Ar

34 S

3V
3V

Tz

1

0

-1

1

0

-1

1

0

-1

2.10 Precession

Table 2.9.2

Summary of E2 Matrix Elements

M (EXPT)

(efm2)

2i+ * 0i+ 14.2 (0.5)

17.2 (0.9)

15 (1)

22+ . 0x+ 4.8 (0.3)

5.1 (1.1)

, , (+0.3)
Z<i (-0.4)

22+ . 2j+ 11.3 (1.5)

8.7 (3.6)

of High Spin States in 168Hf and ]

M (H.O.)

(efm2)

12.78

13.62

14.45

4.76

0.94

-2.88

14.13

11.98

9.83

60 Y b

M (WS2)

(efm2)

12.54

13.79

3.88

-1.99

D. Ward and H.R. Andrews with P. Taras, J. Gascon (Montréal),
0. Hausser (Simon Fraser), R.M. Diamond, M.D. Deleplanque,
F.S. Stephens, A. Machiavelli and G. Dines (Berkeley)

Data from the experiment described in PR-P-139: 2.8; AECL-8554 have been
analyzed. In the case of Hf the precessions determined from the yrast
transitions 4+ through 14+ are equal within errors; they indicate an average
g-factor, g = 0.20 ± 0.05 for the feeding states around spin 26 "n whose
precession is observed through the lower spin transitions.
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In Yb we have found evidence for varying degrees of precession in states
feeding the low spin and high spin yrast states from 2 + to 18+. The average
precession for states feeding the 2 + and 4+ states imply a g-factor of 0.31
- 0.04 while the average g-factor for the states feeding the 14+, 16+ and
18+ is 0.49 ± 0.06. This nucleus may not be unique among the several cases
previously studied because this is the first experiment where the
sensitivity was good enough to determine precessions from yrast transitions
up to spin 18.

This result is consistent with existing ideas of the depopulation mechanism.
Experiments with the Spin Spectrometer System at Oak Ridge National Labora-
tory [L.L. Riedinger in "Proceedings of the Workshop in Physics with Large
Gamma-Detector Arrays", p.ll, AECL-MISC-251 and private communications] have
shown that in the present reaction, "̂ Sn + Ti at 215 MeV, the entry
region leading to the 18+ yrast state only partially overlaps that leading
to the 2 + yrast state. That is to say the states contributing to the final
observed precession, which on average have spin ~ 28 a in this case, could
be substantially different according to which discrete line is measured.

According to Frauendorf [Physics Letters 100B (1981)219], in the rotation
aligned coupling scheme the g-factor is given by:-

g = gR + I <g± - g R > v
j (1)

where the summation runs over the aligned pairs and gR is the collective
value (~ Z/A), J is the total spin of the state, i is an aligned spin, and
g£ is the g-factor of an aligned pair. These latter factors are given for
various orbitals in the original paper (eg. g^ for aligned in/2
neutrons is -0.20 and for h^j/2 protons is + 1.26). In the nucleus

Hf, only the 113/2 neutron crossing has been observed below spin 30
and from eq. (1), with gR = 0.35, the g-factor for yrast states of this
spin is predicted to be about 0.15 in good agreement with the experimental
value of 0.20 ± 0.05.

In Yb the first backbend at spin 14, which is assumed due to i[3/2
neutrons, experimentally carries an aligned spin of i = 10 "n. The second
crossing, at spin 26, causes an aligned spin of 6 n and is believed to be
due to hĵ j/2 protons. Eq. 1 predicts a g-factor of about 0.35 for states
around spin 28, again in reasonable agreement with the experimental value of
0.31 to 0.49 depending on the yrast states measured.

2.11 Effective Charges from E2 Mirror Transitions

T.K. Alexander with I.S. Towner (Theoretical Physics Branch) and
B. Castel (Queen's University)

It was pointed out in an earlier report (PR-P-138: 2.10; AECL-8267) on
effective charges for E2 transitions between T=l or 1/2 levels that plots of
the points [A (±T,)/M (±T,), A (+T,)/M (±T„)] for the data set have differ-

p ^ p Z i p £• p £

ent loci when the T =+T branch is plotted separately from the T =-T branch.
1/2

M (T„) is the measured E2 matrix element M (T„) = [(2J.+ 1)B(E2; i + f)] '
P L* P Ci 1

and A (To) is the calculated shell-model matrix element. Another
P Z
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observation was that the Mp(-Tz) branch appears to be accounted for with
only an isoscalar component when constant effective charges for neutrons and
protons are assumed. These puzzling systematics are not easily explained
theoretically and suggest that the constant effective charge approximation
is inadequate.

Effective charges are needed in shell-model calculations because the giant
quadrupole resonances have not been included in the model space of the
calculation. With perturbation theory the influence of the resonance can be
estimated simply. In first order with antisymmetrization neglected, the
deduced effective charge is state- and mass-independent, but when
antisymmetry is correctly treated it becomes state- and mass-dependent. We
have estimated the size of this effect with zero-range forces. The
isoscalar effective charge, eo, is expected to increase linearly with the
number of nucléons in the valence model space, n, the predicted slope being
proportional to the strength of the zero-range force. Our estimates of this
are in reasonable agreement with fits to the experimental E2 data compared
with the most recent (universal sd-shell interaction, local WS2 potential)
shell-model calculation of Brown et al. (private communication). The
isovector effective charge, ej, is expected to decrease linearly with
nucléon number, n. The slope in this case depends as well on the exchange
mixture in the zero-range force, but for typical values is (dei/dn) =
-5/9(deo/dn). Experimental data are not sufficiently precise to test the
expectation, but are not inconsistent with it.

In effect only one additional parameter has to be introduced to explain the
puzzling systematics of the data. The additional parameter makes the
isoscalar and isovector effective charges mass dependent and accounts for
the different loci observed for the T^, ~ +T and 1% = -T branches since a
linear correlation in the plots of [A (±T )/M ( i ^ ) , A (+TZ)/M (i^)] for
the data set is no longer expected. ^

2.12 Precise Determination of Q^c Difference Between Four Pairs of

Superallowed ^-emitters

V.T. Koslowsky (GSI), J.C. Hardy, R.E. Azutna (University of Toronto),
E.T.H. Clifford (TRIÜMF), E. Hagberg, H. Schmeing, U.J. Schrewe
(university of Göttingen) and K.S. Sharma (University of Manitoba)

Four (3He,t) Q-value doublet measurements were completed before the tandem
accelerator shut down. Analysis of all four was completed (see PR-P-138:
2.4; AECL-8267) and the results expressed as differences of Ogp values for
the pairs of superallowed 0+ + 0 + ß-emitters: 26mAA and 0; 54Co and
50Mn; ^Sc and 2 6 mA£; and 5I+Co and Sc. The values obtained are shown in
Table 2.12.1, where they are compared with previous work.
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These results were described in a paper submitted to the 7th International
Conference on Atomic Masses and Fundamental Constants, special attention
being given to the sources of experimental uncertainties- The major
advantage of directly measuring Q-value differences rather than absolute
energies is the favourable cancellation of many corrections common to both
reactions. The outcome, as seen from the table, is a significantly smaller
uncertainty in each case than the average of all previous
measurements.

Table 2.12.1 QEC-value differences

Superallowed $-emitters End-Point Energy Difference
(keV)

2 6 r aM, 140

5 4 Co, 50Mn

A2 Sc,

4 2 Sc

Present Work

1401.63 ± 0.15

610.1 ± 0.5

2193.5 ± 0.2

1817.2 ± 0.2

Previous Work*

1402.04 ± 0.39

609.62 ± 0.68

2191.18 ± 0.50

1817.89 ± 0.68

*See Koslowsky et_ al^ Proceedings of 7th International Conference on Atomic
Masses and Fundamental Constants, Darmstadt-Seeheim 1984 (Ed: 0. Klepper)
p. 572.

2.13 Fermi 6-decay: An Experimental Summary

V.T. Koslowsky (GSI), E. Hagberg, J.C. Hardy, H. Schmeing, R.E. Azuraa
(university of Toronto) and I.S. Towner (Theoretical Physics Branch)

A complete survey and reassessment of Ogg-value measurements related to
superallowed 0+ + 0 + ß-decay (see PR-P-138: 2.5; AECL-8267) has been
completed. The Qp^-value measurements were each examined in detail and
from information provided in the original references were corrected to take
account of the 1984 atomic masses and the most recent surveys of a- and
y-decay energies.

In addition, the survey included measurements of half-lives and branching
ratios. Tables of results for references appearing before August 1984 were
presented to the 7th International Conference on Atomic Masses and
Fundamental Constants. The superallowed 0-branches considered were from
14 34 -2 *6 50 5 ^
Fu
14 0, , 38mK>

The averagej^t value for all 8 transitions is 3080.1 ± 2.4 s. Nevertheless,
inconsistencies among the &t values obtained from the survey suggest that
calculated radiative (including charge-dependent) correction terms should be
reexamined now that experimental precision has improved considerably.
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2.14 Intermediate-Mass Fragments from the Reaction of 35 MeV/u N on Ag:
Program Development for Analysis

R. Bougault and D. Horn

The purpose of this experiment was described in PR-P-139: 2.6; AECL-8554.
An analysis program for these data, recorded in the MSU format, has been
developed which is compatible with the Oak Ridge software operating on our
Perkin-Eliner computer. A special routine was created to call each buffer
from the main tape-reader program and an "expand-event" subroutine was built
in accordance with the MSU format. The free-form gating procedure has been
used and shown suitable for this type of analysis. All the routines created
were compiled with the Perkin-Elmer optimized Fortran compiler, which
apparently speeds up tape analysis by a factor of four. It does seem,
however, that an alternative approach must be taken with the bit shift
operations in this case, since they do not appear to survive the optimizing
process.

The first step of the analysis is now complete; calibrations have been
established and are in agreement with those obtained independently by our
MSU collaborators.

Kinematic variables have been generated from the data and will be used to
test for coplanarity and binary character in the reaction mechanisms.

2.15 Multiparticle Correlations in Intermediate-Energy Heavy-Ion Collisions

D. Horn with Z.M. Koenig, G.D. Westfall, G.M. Crawley, R. Fox, D. Fox,
and M.R. Maier (Michigan State University) and R.S. Tickle (University
of Michigan)

Collective, dynamic effects of the type predicted by hydrodynamic models
have previously been observed in heavy-ion collisions of several hundred MeV
per nucléon. The applicability of these models to the transitional energy
range is being explored in a series of experiments at Michigan State Univer-
sity (12C at 30 MeV/u) and Lawrence Berkeley Laboratory ("̂ Ar at 100 MeV/u).
The former experiment was reported in PR-P-139: 2.9; AECL-8554. The latter
experiment was performed at the "Low Energy" Beam Line of the Berkeley
Bevalac. The detector arrangement was similar to that reported for the C
experiment, but with two additional in-plane telescopes positioned at 15 and
20 degrees and sensitive to element numbers 1-4 at «100 MeV/u. A beam of
4-GeV Ar was incident on a gold target, 0.1 g/cm in thickness. Analysis
at Michigan State University is in progress to search for correlated
multiparticle events or "jets" in the plane of the reaction defined by the
projectile fragment detectors.
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2.16 Multiparticle Facility

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

Detailed studies of heavy-ion reaction mechanisms at TASCC energies will
require a multiparticle detector system capable of simultaneously detecting
the large number and the wide variety of reaction products which may be
emitted in a single nuclear collision. It was decided that the goal of
having such a facility at CRNL should be approached along two fronts. In
the short terra, detectors and a scattering chamber should be constructed for
use at the interim target location and the experimental techniques
appropriate to the transitional energy range should be acquired. In the
long terra, the interesting physics accessible in this emerging field should
be identified and a design proposed for a Phase II reaction mechanism
facility.

The first objective has essentially been accomplished. A scattering
chamber, 1.75 m in diameter is now available at the interim target location
(PR-P-139: 2.10; AECL-8554). Two large-area, position-sensitive avalanche
counters (PR-P-138: 2.18; AECL-8267) and one large-area position-sensitive
ion chamber (PR-P-138: 2.16; AECL-8267) have been built and tested with an
a-source. A prototype light-ion phoswich detector has been bought and
tested with a ß-source; 36 modules have been ordered and will constitute a
light-ion array (PR-P-140: 2.17). A prototype Bragg-curve spectrometer has
been built by NSSP branch (PR-P-139: 3.28; AECL-8554). With the exception
of the light-ion array, which is presently being modified by Bicron, the
chamber and detectors are ready to be commissioned with beam. It has also
proven possible to acquire some hands-on experience with reaction mechanism
studies in the 20-100 MeV/u range, with participation in two experiments at
MSU (PR-P-139: 2.6 and 2.9; AECL-8554) and one at Berkeley
(PR-P-140: 2.15). In addition, a major experimental proposal involving four
CRNL workers has been approved by the MSU Program Advisory Committee and
will be scheduled for early 1985.

The second objective has been fulfilled in part. Through attendance at
conferences, participation in workshops, consultation with colleagues at
other laboratories, studies of the literature, and involvement in the
above-mentioned experiments, an examination has been made of promising areas
for experimental investigation. A survey of some reaction mechanism studies
possible with beams from TASCC is presented in AECL-8478, "Physics Case for
a Multiparticle Detector System". The report discusses measurements of
interest for various phenomena and examines the detection capabilities that
would be desirable in a versatile system. A poll of Nuclear Physics Branch
members has shown that enthusiasm for a multiparticle detector facility is
high. Based on anticipated research interests, the amount of time people
plan to spend using such a facility is close to, and second only to, the
amount which they expect to devote to the 8ir spectrometer. A large system
with good ion identification, with good energy, angle, and multiplicity
resolution, and with the flexibility afforded by a "walk-in" chamber, would
appear best suited to the needs of the branch and well justified by the
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level of interest. The demand for a multiparticle detector facility will be
addressed by a thorough study of the conceptual design that has been
evolving over the past years. In this design, as much as possible of 4TT
steradians (except for a small forward cone) would be covered by ion
chambers operating in Bragg-curve mode. An exit window would allow escape
of lighter, faster ions into a thin scintillator, in turn backed by a
thicker scintillator in a phoswich arrangement to allow at least one useful
AE and one useful E for any fragment of any range. It would also be
possible to precede this detector sequence by thin, parallel-plate avalanche
counters which could provide velocity vectors for slow, heavy fragments.
Selection of this basic detector configuration has made it possible to set
up working groups to establish specific design and performance parameters,
along with associated cost and manpower estimates for various aspects of the
facility. Objectives and priorities for each group have been set in a
series of preliminary meetings concerning the large vacuum vessel, detector
geometry, coincidence rates and efficiencies, scintillation detectors,
Bragg-curve spectrometers, avalanche counters, electronics, and data
acquisition. These groups will report their findings in several months;
their reports will provide the detailed planning information necessary for a
formal proposal.

2.17 Forward-Angle Detector Array for Light Ions

R. Bougault and D. Horn

After a prototype module from BICRON Corporation was tested with an electron
source, 36 detector modules (PR-P-138: 2.19; AECL-8267) were ordered. A
38 mm (1.5") Hamamatsu R980 photomultiplifer tube was specified rather than
the 51 mm (2") RCA tube described in PR-P-139: 2.11; AECL-8554. Other
specification changes included epoxy potting of the voltage divider and use
of optical epoxy at the optical interfaces.

The modules were delivered to CRNL at the end of December but were returned
to the manufacturer for reassembly because of a bad optical connection
between the plastic and the phototube; the specified epoxy had not been
used. Before the modules were returned to BICRON, a sample detector was
placed in a vacuum and checked for excessive outgassing and for ability to
hold voltage. The sample appeared satisfactory in these respects.

A computer program to calculate the efficiency of the array for various
types of reactions was written and shows that although the active area of
this device covers only 1,7% of a sphere, the efficiency for detection of
light particles emitted by a moving source at forward angles or emitted by a
fragmentation process is quite high. In the latter case the fraction
focussed in the array can exceed 75% for projectiles in the energy range of
20-50 MeV/A.

The design of a mechanical support for the array was developed by the Civil
and Mechanical Design Branch. The support consists of a metal honeycomb
into which the modules are inserted as shown in Fig. 2.17.1. Each module is
thus oriented precisely with a 5-degree separation between the center lines
of neighbouring detectors.
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Fig. 2.17.1 36-Element Light-Ion Phoswich Array

2.18 8TT Spectrometer

D. Ward, H.R. Andrews, N.C. Bray, L.V. Smith with W. Mellors
(Mechanical Equipment Development Branch), J. Morralee, E. Haines
(Design and Technical Services Branch), P. Taras, J.-P. Martin,
M. Beaulieu, C. Paquette (Université de Montreal), J.C. Waddington and
G. Palameta (McMaster University)

Computer Systems

A DEC PDP 11/73 computer system has been acquired, transshipped to the
Université de Montréal, commissioned, and is being used routinely for
testing of CAMAC modules. Sufficient modules for trying out concepts of
data processing are in place: for example the bit-slice microprocessor (LRS
4805 CAB), fast triple-port memories (LRS 4302), a memory look-up unit (LRS
2372), and a fast readout 16 channel QDC (FERA 4300). Software has been
developed for data display and monitoring and work is beginning on the
programming of the CAB for data acquisition.
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HP Ge Detectors

Orders for 20 HP Ge detectors have been placed. These detectors are
specified at >23% efficiency, and <2 keV resolution for 60Co. They are
packaged in special cryostats (DUET style) which allow close access of a BGO
detector behind the Ge crystal so as to improve Compton rejection
efficiency. The first three detectors have been delivered and have met
specifications. The full order is expected to be delivered by 85 May.

Compton Suppressor System

Each HPGe detector is shielded by a. system of three detectors comprising
1) a snouted axial BGO cylinder, 2) an annular BGO detector situated behind
the Ge crystal (called a catcher), and 3) a Nal(TÄ) entrance shield. Orders
for two axial BGO suppressor prototypes have been placed, and deliveries are
expected in 85 March. Three prototype catchers have been ordered from
different manufacturers, but deliveries on all three are delayed. The
design of the NaI(T£) entrance shields is not yet complete.

BGO Core Elements

The first prototype hexagonal element is presently at CRNL and is being used
to test various light collection techniques, photomultiplier tubes (PMTs)
and in the development of the electronics. A second prototype hexagonal
element has been manufactured and tested in a temporary encapsulation. It
is currently being assembled in the production-type encapsulation. Two
prototype pentagonal elements have been ordered. One of them has been
completed and tested in a temporary encapsulation and is currently being
assembled in the production-type encapsulation. Manufacturing of the other
pentagonal crystal has not been completed on schedule.

BGO Core Electronics

Processing of the signals from the PMT outputs to the FERA QDCs is being
developed at CRNL and key modules such as fast amplifiers and constant
fraction discriminators have been chosen and are being acquired in
quantity. Development from the FERAs to the computer is being done at
Montréal. Special modules such as the time-to-width convertor are being
designed and prototyped at Montréal. About 30% of the core electronics has
been ordered.

Array Electronics

CAMAC modules are being delivered to and tested at Montréal, NIM modules at
McMaster. Most key modules have been selected and ordered in quantity (eg.
spectroscopy amplifiers, ADCs and bias supplies). Other modules are being
tested for suitability. About 80% of the array electronics has been
ordered.
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Mechanism and Structure

The design of the support structure has been considerably refined over that
originally proposed. The main spherical support structure will now be
manufactured as an aluminum casting. Drawings for the casting and final
machining of the spherical element are being prepared. The geometry of the
crystals has been verified by extensive CAD studies. Design of the flange
that connects a cluster of three hexagonal crystals to the spherical frame
is essentially complete and a prototype will be manufactured. Models of an
instrument pod comprising an HPGe detector and associated suppressors have
been completed. A complete set of the 72 core elements modelled in cast
iron is nearing completion. (Iron has essentially the same density as BGO.)
These will be used to check the geometry, investigate loading deflections
and develop procedures for asembling the final instrument.

2.19 The Chalk. River Isotope Separator: Description and Recent Developments

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

The Chalk River on-line isotope separator is a high performance instrument,
capable of accepting ion sources with both axial and slit geometry. With
both types of sources, high transmission, beam purity and resolution have
been achieved. The instrument's performance has been constantly improved
since its start-up in 1978. Recently a resolution of 20,000 (FWHM) has been
achieved, about one order of magnitude higher than that at comparable
on-line facilities. This resolution enables us to measure the masses of
radioactive isotopes directly, free of interference, and with great
accuracy.

It has been suggested that this instrument serve as a model for the on-line
separator proposed for TRIUMF. In this context, the present performance
characteristics have been reviewed and plans have been outlined for the
future development of the local facility. The results were presented to the
TRIUMF-ISOL workshop at Mont Gabriel, Quebec, on June 15, 1984 and are
available in the proceedings of this workshop.

2.20 Direct Mass Measurements with the CRNL Isotope Separator

E. Hagberg, K.S. Sharma (University of Manitoba), H. Schraeing,
J.C. Hardy and V.T. Koslowsky (GSI) with H.C. Evans (Queen's
University)

The five mass-difference values, obtained with the CRNL technique for
measuring the masses of unstable nuclides (PR-P-133: 2.5; AECL-7863), have
been updated to include the most recent values for the reference masses used
in the measurements. The newly published 1983 Atomic Mass Tables were used
as our new reference standard. The results of our measurements were
presented at the 7th International Conference on Atomic Masses and
Fundamental Constants in Seeheim, FRG, 1984 Sept. 3-7. The proceedings of
this conference have already been printed.

The writing up of our results in the form of a journal paper has started.
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2.21 On-line Isotope Separation at Chalk River and Elsewhere

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

Isotope separators are installed on-line to accelerators and reactors at
many laboratories worldwide. A review of the critical aspects of such
facilities has been written to include isotope-production techniques, types
of available ion sources and the quality of separation that is now
available. In the latter context, special emphasis was given to the
properties of the Chalk River separator.

Since by now separators are feeding an enormous variety of experimental
devices, the final section of the review was devoted to separator-fed
experiments. Subjects touched on were: 1) decays of exotic nuclei;
2) masses of exotic nuclei; 3) weak interaction studies; 4) laser
spectroscopy; and 5) nuclear orientation.

This review was presented to the Conference on Instrumentation for Heavy-Ion
Nuclear Research held in Oak Ridge, October 22-24, 1984; and will appear in
the published proceedings.

2.22 The Manitoba - Chalk River Mass Spectrometer

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

A "major installation grant application" was submitted to NSERC by the mass
spectrometer group of the University of Manitoba on October 1, 1983, aimed
at adding a high resolution mass spectrometer to the Chalk River on-line
isotope separator. This application was rejected by NSERC in March, 1984,
for lack of funds. Encouraged by the very positive response from NSERC's
scientific evaluation committee, as well as from the Physics community in
general, a substantially identical but much more detailed proposal was
re-submitted on Nov. 1, 1984. A decision is expected in March 1985.

2.23 Calculations Relating to the Isotope Separator and the On-Line
Mass-Spectrometer

J.S. Guo, H. Schmeing, E. Hagberg and G. Audi

Progress has been made in three areas of ion-beam optics calculations
relevant for the performance of the proposed, combined Isotope
separator-mass spectrometer instrument.

In a first step, calculations on the properties of a beam transport line
connecting the separator with the mass spectrometer have been done with the
TRANSPURT code. In these first-order calculations a quadrupole triplet,
situated inside the collector tank, would be the only element necessary in
order to transport the beam from the image plane of the separator magnet to
the entrance slit of the mass spectrometer.
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In a second step, extensive, detailed calculations have begun in order to
optimize the transmission of the proposed Manitoba-Chalk River on-line mass
spectrometer. We have calculated the beam formation in the plasma ion
source for various source conditions, using the computer code BEAM. The
results of these calculations agree well with our experimental
observations.

We also need to make third order calculations of the ion trajectory in the
whole set-up, from the ion source through the separator, the transport line
and the mass spectrometer up to the detection slit. The TRIO code of
Matsuo, Matsuda, Fujita and Wollnik (Mass Spectrometer ̂ 4 (1975) 19) has
therefore been implemented on the CRNL CDC computer and tested. It will
provide third order transfer matrices for the beam.

2.24 An ISOL at TRIUMF

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

Feasibility studies of a possible configuration and a front-line
experimental program of an isotope separator at TRIUMF (see PR-P-139: 2.14,
AECL-8554) have been continuing during these 6 months. The main proponent
for such a facility is a McGill university - Simon Fraser University
consortium. The contributions from AECL participants have been in the
sharing of their expertise and operating experience with ISOL systems.

An international workshop on the proposed TRIUMF-ISOL facility was held in
Mont Gabriel, Quebec, where two papers were presented by the AECL
scientists. The proceedings of this workshop were published as a TRIUMF
report.

A proposal for the installation of an on-line isotope separator at TRIUMF
was submitted to the TRIUMF long-range planning committee. This proposal
includes a scientific program as well as technical details of the ISOL
facility. Ten proposals, including one from the AECL group, for specific
experiments to be performed at a TRIUMF-ISOL facility were subsequently
presented to the TRIUMF experimental evaluation committee. This committee
has stated positive opinions on the quality of the experimental program.
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2.25 TASCC Accelerator Facility

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

First beam was obtained from the reversed tandem and was transported on
October 11 as far as the last installed Faraday cup near the cyclotron.
This required the successful operation of the ion source, injection line,
tandem and the major portion (16 quadrupoles and 4 dipoles as well as slits,
cups and steerers) of the beam transport line to the cyclotron.

During the next month the tandem was operated at low voltage (4 to 8
MV) for transmission and bunching tests with beams of 127I at 45 MeV, 12C at
37.5 MeV and C at 30 MeV. In all cases the beam transport elements were
set to their theoretical values and no adjustments were required to achieve
100% beam transmission with qualitatively correct optical properties. All
results indicate that the design, calibration and installation procedures
are of the accuracy required to allow predictable and reproducible injection
into the cyclotron.

On November 7, tandem accelerator tube no. 1 was removed and sent to High
Voltage Engineering Corporation for repair of several faulty vinyl acetate
seals. Subsequent examination of the other seven tubes revealed numerous
doubtful seals, so they too were removed and sent to HVEC for repair. All
eight tubes are expected back by the end of February 1985. In the interim,
stability tests are being conducted on the negative ion injector, and
high-voltage tests on the tandem column structure.

Persistent leaks in the cyclotron cryostat piping have delayed final
construction. However, the current schedule calls for first beam to be
injected into the cyclotron by the end of March 1985.

2.26 Progress on the TASCC Phase I BTS Vacuum and Support System

H.R. Andrews, A.S.C. Hyde, P.J. Jones, J.J. Hill, F.J. Sharp,
R.E. Howard, W.G. Davies with M. St. Aubin (TASCC Operations Branch)

Completion of the installation of the beam line on either side of the
cyclotron is awaiting the completion of cyclotron-related work. Various
sub-assemblies have been prepared to expedite the final installation. The
rest of the system is operating satisfactorily under computer control. The
bypass line and the injection line up to BI-5 have operated with tandem
beams without problems.
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2.27 Beam Transport Magnets and Power Supplies for TASCC

W.G. Davies, H.R. Andrews, R.L. Brown, R.E. Howard, A.S.C. Hyde and
K.J. Brown (Design and Technical Services Branch)

All of the dipoles and quadrupoles that can be installed and aligned at this
time are now in place. The assembly of QI15 and QE1 cannot be done until
after the installation and testing of equipment on the cyclotron. This
should be complete before the end of February.

Testing and commissioning of the magnets and their power supplies is
complete except for some elements of QE1.

All injection-line power supplies now operate under computer control as does
the injection switch gear and the NMR system.

The new NMR shims for BE2 were installed and tested in July. The results
were better than expected. (See PR-P-139: 2.20; AECL-8554.)

The NMR system is now installed in all injection line dipoles. The system
is being used to provide an accurate calibration of each dipole's magnetic
field as a function of excitation current.

The calibration data for the quadrupoles have all been analyzed. (See
PR-P-139: 2.28; AECL-8554.) The new calibration function will be
incorporated into the computer-control system as soon as possible, but until
this is done, the quadrupole calibrations will be changed to a linear
function of excitation current, and the "calibration calculations" to relate
current to focussing power will have to be done by hand.

The degaussing system for BI-3, which allows bypass liiie operation, has been
wired and tested. Automatic degaussing of BI-3 has been achieved to within
the specified tolerances.

During initial tests of the injection beam line, beams of V271 5+ at 45 MeV,
r/C 4+ at 37.5 MeV and XlC 3+ at 30 MeV were transmitted from the tandem
through QI9. In all cases the beam transport elements were set to their
theoretical values and except for minor steering corrections, no adjustments
were made to any beam transport elements. Beam sizes at diagnostic points
were qualitatively correct. (Not all beam diagnostic elements were fully
commissioned so accurate quantitative measurements were not possible
everywhere.)
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The second round of quotations for the TASCC Phase II beam-transport system
have been received and are in the final stages of evaluation. A vendor will
be chosen before the end of January 1985.

2.28 Progress in the Safety Interlock System for TASCC

G.C. Ball, J.P.D. O'Dacre and J.S. Wills with N. Burn and S. Whittle
(TASCC Operations Branch), J. Barsczewski and C.E. Langlais (Design
and Technical Services Branch), and R. Roiha (Mathematics &
Computation Branch)

Commissioning of the Safety Interlock System (SIS) and Radiation Monitor
System (RMS) hardware and software has now been completed. Documentation of
SIS hardware was written (TASCC-1-13-03) and the Design and Technical
Services job file was closed in December.

The Final Safety Analysis Report for TASCC (AECL-MISC-263) was approved by
the AECL Accelerator Safety Committee in October and the amendment to the
license required to operate the facility is forthcoming.

2.29 Beam-Pulse Detector for TASCC Diagnostics

T.K.. Alexander, N.C. Bray, J.J. Hill and R.E. Howard

One of the beam-pulse detectors purchased from the State University of New
York at Stony Brook has been installed in the beam injection line between
the MP tandem and the cyclotron. It is located just in front of the
high-energy buncher. Some quantitative measurements on beam pulses were
made with this device during buncher tests from October 30 to November 7.
For a 30 MeV C 3+ beam, the minimum observed fwhm of the beam pulses was
1.6 ns.

The detector consists of a thin 50 pra wire which can be positioned in the
beam by a stepping-motor drive system. This wire is held at approximately
-2000 V. Electrons ejected by the wire when a pulse of beam strikes it are
accelerated to a grounded cylinder around the wire. A slot in the cylinder
allows some electrons to enter a channel-plate where they are multiplied and
collected at ground potential. The signal from the 50 ohm collector Is fed
directly to a fast discriminator. The fast discriminator pulse is fed to
the stop input of a time-to-amplitude converter (TAC) started by a reference
pulse derived from the radio-frequency waveform to the buncher. The output
of the TAC is analyzed in a pulse-height analyzer located in the accelerator
control room.
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The performance of the beam-pulse detector is affected by the high-energy
buncher. It is believed that electrons produced by the beam in the residual
gas in the buncher are accelerated back to the beam pulse detector and can
be detected.

2.30 CAMAC Hardware for the TASCC Control System

R.B. Walker

The TASCC ion-cage communication committee has agreed that a CAMAC crate and
spark protected interface should be installed in the cage. The necessary
hardware has been ordered and a prototype spark-protected interface is being
constructed.

Following failure of the six fibre-optic U-port adaptors (model 5210) (see
PR-P-138: 2.30; AECL-8267) the manufacturer has supplied two units of new
design (model 5211) for our appraisal. Initial tests of these units showed
an unacceptably high error rate and the manufacturer was advised that they
did not meet specifications. Discussions with representatives of LeCroy
revealed that the fibre optic cable connectors supplied with their CAMAC
U-port adaptors did not have the plastic alignment sleeves necessary for
proper optical transmission. The units were retested with sleeves installed
and the model 5211 units still did not meet specifications. A visit by the
manufacturer's engineer is expected shortly.

Technical assistance was provided to several groups during commissioning of
accelerator and beam transport hardware. CAMAC modules that failed or were
damaged during commissioning were repaired when time permitted.

2.31 TASCC Electronics Pool

E. Hagberg and R.L. Brown

An inventory of our electronics pool has been made in preparation for the
start-up of the TASCC experimental program. Electronic modules borrowed
from the control room have been returned from many areas inside and outside
building 137. At the end of the inventory we were not able to locate nine
modules but we are continuing our search for this missing equipment.

Our electronics pool has been augmented in areas where there has been a
shortage and we have begun to acquire i number of high-density modules
suitable for multiparameter experiments. Many new modules follow the Lemo
standard so we have obtained additional Lerao cables and adapters.
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2.32 Automatic Analysis of Beam Profile and Beam Pulse Length Monitor Data

W.G. Davies

A computer program has been written and installed on the cyclotron control
computer that automatically identifies the peaks associated with the
cross-sectional profile of the beam both in transverse and longitudinal
phase space, (see PR-P-140: 2.29; AECL-8648). The program calculates the
area, the RMS width and an estimate of the error of the RMS width.

Initial peak identification is achieved by locating the largest area peak in
the background-subtracted "reduced" spectrum Rj where the "reduced"
spectrum is

Si is the original spectrum, i = 1,2,...N. The RMS width aR of this
peak is used to generate a symmetric Gaussian band-pass filter, which
filters the Fourier transform of S. The filter suppresses the background
and smooths the peak in such a way that (i) the area of the peak is
preserved, (li) the RMS width of the filtered peak af=ao, the width of
the true peak, if the true peak has a Gaussian shape. Neither of these
properties hold exactly for skewed peaks, but data-simulation calculations
show that for all reasonable peak shapes the errors in the area and width
are usually less than 1%.

This information is used in calculating the detailed beam properties. (See
PR-P-140: 2.36; AECL-8648.)

2.33 Experimental Control Room

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

Considerable progress has been made during the past year to revamp the
experimental control room for TASCC. A separate enclosure (Room 101A) was
constructed at the north end of the control room 101 to house the new
Perkin-Elmer 3230 acquisition computer. The room is equipped with computer
flooring and a separate 5 ton air conditioning unit.

The layout of a new on-line data acquisition area (experimental station #1)
was finalized. It utilizes the existing electronics racks located at the
north end of the control room. All unnecessary cabling and electronics have
been removed from the racks. The automatics console ftl was discarded and
the other units from that console have been mounted in the electronics
racks. The relocation and cabling of the electronics hardware required for
Phase I operation of TASCC is nearing completion. New furniture was
ordered to provide a work space for on-line display terminals.
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Phase II plans for modifications to the south end of the experimental
control room were completed. The final design provides for a separate
enclosure (Room 101H) to house a new analysis/acquisition computer, a second
experimental station, separate off-line analysis areas and a new passageway
(Room 101G) connecting the main corridor of building 114 with the target
room corridor (Room 103) of building 137 that will completely bypass the
experimental control room.

2.34 Data Acquisition

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

The data acquisition system was relocated in the experimental control room
101A in August. Commissioning of the new Data Scanner and the associated
electronics hardware resumed in October. Extensive testing of twelve
channels of the data scanner operating in both singles and coincidence mode
has been completed. Computer control of the data scanner via the
"automatics" was implemented. Data can now be transferred to the
Perkin-Elraer and written on magnetic tape at the maximum transfer rate
(« 100 K bytes/s) of our 1600 bpi tape drives.

Significant progress has also been made in the programming modifications
required to adapt the ORNL software to the TASCC environment. A new
programmer, Martin Thompson, joined the Mathematics and Computation Branch
in October and has spent nearly full time on software support for the
Perkln-Elmer 3230 computer system.

A second magnetic tape drive, an additional 2 MB memory board and a remote
diagnostics unit were installed on the system. A Printronix line printer
and a 6250 bpi tape drive were delivered in December. A new colour graphics
terminal has been ordered. It will be used for the display and interactive
analysis of multidimensional spectra and will also serve as a back-up
on-line display.

After evaluating commercially available front-end processors for fast
multiparameter data acquisition from CAMAC hardware we decided to purchase a
LeCroy programmable bit slice micro-processor configured as a branch
driver. This unit is identical to the one that will be used to process data
from the 8TT spectrometer.
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2.35 Isotope Separator Relocation

J.C. Hardy, H. Schraeing, E. Hagberg, J.S. Guo, W.L. Perry and
J.S. Wills

The relocation of the isotope separator is completed. The commissioning of
the instrument has begun, and first beam is expected in February.

The relocation took us 26 months to complete, a factor of two longer than
originally anticipated. The delay is due partially to heavy competition for
tradesmen from high-priority TASCC construction jobs, and partially to
steady implementation of improvements to the system. The goal, to have the
instrument available before the tandem beam becomes available for
experiments, has been met.

2.36 Semi-Automatic Procedures for Matching the Emittance of the Injected
Beam to the Chalk River Superconducting Cyclotron

W.G. Davies

Matching the MP Tandem beam to the cyclotron (W.G. Davies and A.R. Rutledge,
IEEE Trans, on Nucl. Sei. NS-26, #2, April 1979, p2086; W.G. Davies, Proc.
9th Int. Conf. on Cycl. and Appl. Caen, Sept. 1981, ̂ 'Editions de Physique,
p349) requires the setting of 23 parameters, 7 of which are dependent on
beam phase-space. All parameters must be redetermined for each ion-energy
combination. A system of programs and procedures has been developed that
will allow efficient beam matching to the cyclotron as follows: i) Given
the cyclotron injection transfer matrix and the "theoretical" beam
emittance, the program CYCMATCH uses a 9-step procedure to obtain the 23
parameters ii) Diagnostics measurements (see also PRP-139: 2.22) are used
to obtain the actual phase-space at 3 diagnostics stations. iii) The
program DIAMATRIX uses the measured beam emittance to reoptimize the 7
phase-space-dependent parameters by reoptimizing QI1, QI7, QI8 and the
rebuncher. DIAMATRIX also generates the subsidiary information required for
a detailed analysis of the beam and predicts the beam (signal) matrix at all
diagnostics points. iv) The solution is checked with the diagnostics
procedures given by W.G. Davies (Proc. 10th Int. Conf. on Cycl. and Appl.,
Lansing, IEEE, 84CH1996-3, p328).
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2.37 A Monte Carlo Simulation of the Bunchers and Phase control analyser
for TASCC

W.G. Davies

A Monte Carlo program has been written to analyze the operation of the low-
and high-energy bunchers and the phase-control system. The program
simulates the action of both the low- and high-energy bunchers on a segment
of the d.c. beam one RF wave-length long. The ion-source and stripper
straggling are folded in as well as the finite size of the beam at the phase
slits. Spectra are generated for both the bunch length and momentum
distributions at the entrance to the high-energy bunchers and at the
cyclotron center.

The calculations show that most of the "dark" current can be removed at the
phase-analyser slits and that the scraper slits can be at a fixed distance
from the phase slits. The consequences for the phase-control system of the
dark current intercepted on the phase slits is still being studied.

Since the buncher non-linearities are explicitly included, this program
gives a more realistic estimate of the longitudinal beam phase—space than
the linear models used previously, and thus provides more accurate input to
the program CYCMATCH.

2.38 TASCC - Phase II

H. Schraeing and J.C. Hardy

Successive versions of the request for authorization of Phase II of the
Tandem Superconducting Cyclotron (TASCC) project have been discussed at
several meetings involving all levels of line management at CRNL. Phase II
covers the construction of target locations for the cyclotron beam as well
as other items which are necessary to commission the entire facility. At
present, we are seeking additional input from Head Office concerning scope
and format of the request before submitting a final version.

2.39 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)

The Phase II design has been modified to incorporate several changes
including the facts that BE2 and BE2A will be separate dipoles, some
quadrupoles will be larger than anticipated, necessitating changes in the
support cabinets, T-8 has been moved from room 104 to 108 and the number of
vacuum sections has been reduced. General arrangement drawings have been
completed for both Phase I and II and drawings have been completed for the
CAMAC Serial Highway Crate locations.
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2.40 Target Preparation Laboratory

J.L. Gallant and P. Dmytrenko

During this period the target laboratory was involved in development work
for experimental research and commercial applications; also, in the direct
production of several items for commercial sales. The laboratory has
fabricated and provided materials for other Chalk River Nuclear Laboratory
Branches.

Development Work

1. Neutrino mass measurement sources

Work is proceeding in the development of H sources suitable for the
measurement of the mass of the neutrino. This is discussed in another
contribution to this report (PR-P-140: 2.2; AECL-8648).

2. Preparation of tritium targets suitable for neutron sources

Equipment was developed to prepare custom-made tritium sources suitable for
use as neutron sources.

3. Radiographie plate development

Work is proceeding in the development of highly uniform tritium sources for
radiographie use. A vacuum system has been built to deposit a hard coating
of magnesium fluoride onto the tritiated titanium to replace the cellulose
nitrate film which proved to be less suitable as a contaminant shield.
Also, the copper substrate is now polished before the titanium is deposited
on the surface.

4. Preparation of thick boron targets

A method was developed to prepare self-supporting boron-10 targets in the
range of 10 mg/cm . This cannot be achieved by vacuum evaporation, pressing
or rolling.

Preparation of Materials for Commercial Sale

1. Seven tritium sources of 1.8 x 1011 Bq (5 Ci) were prepared for sale
to the Defense Research Board.

2. Two tritium radiographie plates were prepared and are now to be
tested for uniformity.

3. Natural and isotopic carbon-13 foils were prepared for sale to
University of Washington, University of Melbourne, Notre-Dame
University, University of Hamburg and the Seoul National
University, Korea.

4. University of Melbourne has purchased eight boron-10 targets
which were used in a proton-scattering experiment at TRIUMF.
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Preparation of Materials for Nuclear Physics

Several ytterbiutn-169 sources were prepared as calibration sources for Che
neutrino-mass experiment. Stretched polypropylene films were metallized for
the same experiment.

Preparation of materials for other branches

1. Semi-reflective underwater mirrors, coated with a protective coating
of SiO2 were prepared for the Electronics Branch.

2. Stainless steel discs were coated with a 125 jjg/cm2 film of palladium
and electrodes were platinum coated for the Systems Materials Branch.

3. Ceramic capacitors were titanium coated for the Accelerator Physics
Branch.

4. Silicon single crystals were chromium coated for the Solid State
Science Branch. Polyethylene and deuterated polyethylene thin-film
targets were prepared for the same Branch.

5. Isotopic lithium-7 as the fluoride compound was deposited on graphite
discs for the Health Physics Branch.

6. Tests on ionizers for the new tandem ion source were performed in the
laboratory for TASCC Operations Branch.

2.41 A Method of Determining the Relative Importance of Particular Data
on Selected Parameters in the Least Squares Analysis of Experimental
Data

W.6. Davies and G. Audi

Least squares and maximum likelihood techniques are extensively used in the
analysis of experimental data because, when appropriate, they result in the
minimum error (or variance) for the parameters determined from the
data. The objective of such analyses is ultimately to understand the
physical relationships and often, as a result, to design better and more
efficient experiments. This work is concerned with the problem of
identifying which data are the most important (i.e. carry most of the
information or have the most influence) in determining a given parameter or
set of parameters. The method also provides a powerful means of estimating
how an improvement in the accuracy of certain data points can improve the
accuracy of selected parameters.

The results are quite general and can be used with least squares (maximum
likelihood for Gaussian errors), maximum likelihood with a Poisson error
distribution, and other related distributions for which the basic formalism
applies.
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Briefly, the maximum likelihood for a Gaussian error distribution is
achieved when

2 r l i
S = 2. n is a minimum.r

 U l " yi
2. n
1 °"

The Ĵ i's are the experimental data and y^'s are a function of the set of
parameters %\, where A = 1, N. The condition for the minimum can be
written ?x S - 0 which leads to the matrix equation

which is inverted and solved for I<Sx> and iterated until convergence is
achieved.

A"1|6X> = A"1 K W | i - y >

where

A"1

|6x> is a vector with elements x. - x. etc.,A A

wi * I / oi' a n di

We define the vector J5x'> by the equation |Ä-—y> = K J6x'> and form the
scalar product

<6x|6x> - <6xl A~l K W K |5x'>

Now A"1 K M K - A"1 A =• I

Hence <6x|<5x> * <<5x|dx'>

We define the matrix F such that

E»J 3 A"~ If 1J If
AY AV Vj j VY

Thus I Fj - I .
j

We define the diagonal elements of r to be the influence of datum j on
parameter A.

A paper on this work is in an advanced stage of preparation.
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2.42 Fermi Beta Decay and the Weak Vector Coupling Constant

I.S. Towner and J.C. Hardy

See PR-P-14O: 4.6; AECL-8648

2.43 Data Acquisition System for the Neutrino-Mass Experiment

R.L. Graham et al.

See PR-P-140: 3.33; AECL-8648

2.44 Pulse Height Differences in Surface Barrier Detectors

T.K. Alexander et al.

See PR-CMa-67: 1.2.2; AECL-8704

20
2.45 Energy-Angle Distribution Measurements for 0.8 vo Ne Ions

Penetrating Thin Carbon Foils

H.R. Andrews and D. Ward et al.
See PR-CMa-67: 1.2.3; AECL-8704

2.46 Depth Profiles of 35 keV 3He Ions in Metals

T.K. Alexander et al.

See PR-CMa-67: 1.2.1; AECL-8704
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2.47 Publications, Reports and Lectures

a) Publications

FERMI 3-DECAY: AN EXPERIMENTAL SUMMARY
V.T. Koslowsky, E. Hagberg, J.C. Hardy, H. Schmeing, R.E. Azuma and
I.S. Towner
Proceedings of the 7th International Conference on Atomic Masses and
Fundamental Constants (AMCO-7), Darmstadt-Seeheim, Fed. Rep. of Germany,
1984 September 3-7, pg. 572.

PRECISE DETERMINATION OF QEC DIFFERENCES BETWEEN FOUR PAIRS OF
SUPERALLOWED ß-EMITTERS
V.T. Koslowsky, J.C. Hardy, R.E. Azuma, E.T.H. Clifford, E. Hagberg,
H. Schmeing, U.J. Sehrewe and K.S. Sharma
Proceedings of the 7th International Conference on Atomic Masses and
Fundamental Constants (AMCO-7), Darmstadt-Seeheim, Fed. Rep. of Germany,
1984 September 3-7, pg. 60.

THE DIRECT DETERMINATION OF THE MASSES OF UNSTABLE ATOMS WITH THE CHALK
RIVER ON-LINE ISOTOPE SEPARATOR
K.S. Sharma, H. Schmeing, H.C. Evans, E. Hagberg, J.C. Hardy, V.T. Koslowsky
Proceedings of the 7th International Conference on Atomic Masses and
Fundamental Constants (AMCO-7), Darmstadt-Seeheim, Fed. Rep. of Germany,
1984 September 3-7, pg. 68.
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V.T. Koslowsky, E. Hagberg, J.C. Hardy, R.E. Az»ma, E.T.H. Clifford,
H.C. Evans, H. Schmeing, U.J. Schrewe and K.S. Sharma
Proceedings of the 7th International Conference on Atomic Masses and
Fundamental Constants (AMCO-7), Darmstadt-Seeheim, Fed. Rep. of Germany,
1984 September 3-7, pg. 580.

AN EXPERIMENT TO MEASURE THE ELECTRON ANTI-NEUTRINO MASS FROM TH7* S DECAY OF
3H
R.L. Graham, M.A. Lone, H.R. Andrews, J.L. Gallant, J.S. Geiger,
G.E. Lee-Whiting and G. Audi
Proceedings of the 7th International Conference on Atomic Masses and
Fundamental Constants (AMCO-7), Darmstadt-Seeheim, Fed. Rep. of Germany,
1984 September 3-7, pg. 646.

CORRECTIONS TO SUPERALLOWED FERMI BETA-DECAY AND THE DETERMINATION OF THE
WEAK VECTOR COUPLING CONSTANT
I.S. Towner and J.C. Hardy
Proceedings of the 7th International Conference on Atomic Masses and
Fundamental Constants (AMCO-7), Darmstadt-Seeheim, Fed. Rep. of Germany,
1984 September 3-7, pg. 564.

PROSPECTS FOR NUCLEAR PHYSICS WITH RADIOACTIVE BEAMS AND TARGETS
E. Hagberg, J.C. Hardy, H. Schmeing and G. Audi
Radioactive Beams from Heavy Ion Accelerators, Washington, D.C., 1984 April,
LBL-18187, UC-34A, CONF-8404154, pg. 71.
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MEASUREMENT OF THE ABSOLUTE CROSS SECTION OF THE He( He,y) Be REACTION AT
E C M - 525 keV
T.K. Alexander, G.C. Ball, W.N. Lennard, H. Geissel and H.-B. Mak
Nuclear Physics A427 (1984) 526.

THE BRANCHING RATIO IN THE DECAY OF 7Be
H.C. Evans, I.P. Johnstone, J.R. Leslie, W. McLatchie, H.-B. Mak,
P. Skensved and T.K. Alexander
Canadian Journal of Physics Vol. 62, #11 (1984) 1139

ACCELERATOR MASS SPECTROMETRY AT CHALK RIVER
H.R. Andrews, G.C. Ball, R.M. Brown, N. Burn, W.G. Davies, Y. Imahori,
J.C.D. Milton and W. Workman
3rd International Symposium on Accelerator Mass Spectrometry, April 10-13,
1984
Nucl. Instr. & Meth. in Physics Research JJ5_ (1994) 134-138.

MEASUREMENTS OF THE RESPONSE OF A HYBRID DETECTOR TELESCOPE TO
MONO-ENERGETIC BEAMS OF POSITRONS AND ELECTRONS IN THE ENERGY RANGE 0.8 -
3.8 MeV
E.T.H. Clifford, E. Hagberg, V.T. Koslowsky, J.C. Hardy, H. Schmeing and
R.E. Azuma
Nucl. Instr. & Methods 224_ (1984) 440

ACCELERATOR lifC DATING OF THE TABER CHILD
R.M. Brown, H.R. Andrews, G.C. Ball, N. Burn, Y. Imahori and J.C.O. Milton
Can. Journal of Archaeology Vol. ]_ (No. 2) (1983) 233

INJECTION DIAGNOSTICS PROCEDURES FOR THE CHALK RIVER SUPERCONDUCTING
CYCLOTRON
W.G. Davies
Proceedings of the Tenth International Conference on Cyclotrons and their
Applications, April 30-May 3, 1984.

DEPENDENCE OF SPECIFIC ENERGY LOSS ON TARGET THICKNESS FOR LOW VELOCITY
IONS: 0 • C
W.N. Lennard, D. Phillips, I.V. Mitchell, H.R. Andrews and D. Ward
Nucl. Instr.& Meth.in Physics Research j$2 (1984) 153

SEARCH FOR PRE-EQUILIBRIUM STOPPING FOR <*He IONS IN THIN CARBON FOILS
W.N. Lennard, D. Phillips, I.V. Mitchell, H.R. Andrews and D. Ward
Nucl. Instr.& Meth. in Physics Research B2_ (1984) 116

DIRECT MASS MEASUREMENTS WITH THE CHALK RIVER ON-LINE ISOTOPE SEPARATOR
K.S. Sharraa, H. Schmeing, H.C. Evans, E. Hagberg, J.C. Hardy and
V.T. Koslowsky
Proceedings of the TRIUMF-ISOL Workshop, Mont Gabriel, Quebec, 1984 June
13-16, pg. 70.

THE CHALK RIVER ISOTOPE SEPARATOR: DESCRIPTION AND RECENT DEVELOPMENTS
H. Schmeing, E. Hagberg and J.C. Hardy
Proceedings of the TRIUMF-ISOL Workshop, Mont Gabriel, Quebec, 1984 June
13-16, pg. 148
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b) Reports

A FUNCTIONAL DESCRIPTION OF THE GENERAL RESISTANCE INC. PROGRAMMABLE
DIAL-A-SOURCE UNIT MODEL 97AX
R.L. Graham, J.S. Geiger, R.J.E. Deal, M.A- Lone and L. Milan!
TR-312

PHYSICS CASE FOR A MULTIPARTICLE DETECTOR SYSTEM
D. Horn
AECL-8478, 1984 April

A GUIDE TO THE MICROCOMPUTER-BASED PROCESS CONTROLLER FOR THE SAFETY
INTERLOCK SYSTEM
J.S. Barsczewski (Design and Technical Service Branch)
TASCC-1-13-03, 1984 November

GAMMA-RAY ANGULAR CORRELATIONS WITH THE 8TT SPECTROMETER
D. Ward, H.R. Andrews and J.S. Geiger
TASCC-1-19-07, 1984 November

32 BIT OPTICAL DATA LINK
R.E. Howard
TASCC-1-05-01, 1984 October

TASCC - THE NEXT FIVE YEARS
J.C. Hardy, D. Horn and D. Ward
AECL-8556, 1984 July

PROPOSAL FOR A NATIONAL FACILITY - THE 8ir SPECTROMETER
H.R. Andrews, E. Hagberg, D. Horn, M.A. Lone, H. Schraeing, D. Ward,
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D. Horn
Seminar presented at Laval University, 1984 November 27.
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R.L. Graham, M.A. Lone, H.R. Andrews, J.L. Gallant, J.S. Geiger,
G.E. Lee-Whiting
XXII International Conference on High Energy Physics, Leipzig, Germany,
1984 July 19-25.
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3.2 Neutron Scattering from a Fractal: Fumed Silica

G. Dolling with J.P. Harrison (Oueen's University)

Fumed silica is a special low-density form of SiC>2 produced by oxidizing
in a stream of oxygen and hydrogen; it consists of tiny spherical particles
(mean diameters in the 100 A range) that bind loosely together in long flexi-
ble strings. The strings are tangled together in open, random agglomerations
whose linear dimensions range from 200 Â to 200 \m (2x10 m to 2x10" m). The
density of the resulting fluffy white powder is less than 2% of the density of
solid SiOj« The agglomerations have the fractal property of self-similarity
(B.B. Mandelbrot, "Fractal Geometry of Nature", 1983). Their properties are
believed to be explicable in terms of a fractional dimension: in particular,
their vibrational modes should exhibit anomalous behaviour (as compared with
normal 3-dimensional solids) for wavelengths larger than the basic Si0 2 parti-
cle diameter but smaller than the largest agglomeration. These modes corre-
spond to vibration frequencies of order 0.1 THz, which are accessible to
neutron scattering techniques.

Preliminary test scans at several small neutron momentum transfers failed to
reveal any anomalous behaviour, but the results were obscured by incoherent
scattering from hydrogen in water adsorbed onto the particle surfaces. Pro-
longed drying at 200°C removed all but the final H2O monolayer; additional
heating under high vacuum, perhaps to 800°C, will be required to remove all
water before further neutron scattering experiments are attempted.

3.3 Evidence for a Gap In the Heavy-Fermlon Superconductor UPta

W.J.T.. Buyers with J. Kjeras (Riso National Laboratory) and J.E. Greedan
(McMaster University)

Neutron measurements were made at Riso on a new UPt3 crystal, /' 5 in the
series, that is the first to show essentially the full superconducting transi-
tion temperature, determined to be Tc » 480 ± 10 mK. At the high resolution
set by a 5 meV scattered neutron beam it was possible to detect a magnetic
signal near Tc only by combining a vertically focussing, 20 cm high, graph-
ite monochromator with a horizontally focussing graphite analyser. The quan-
tity measured was the difference between S(O,E) at a high temperature, 1.2 <_ T
< 3.1 K, and at 0.3 K, a low temperature inside the superconducting phase.
For the energy transfers studied, 0.4 meV <_ E jC 2.8 meV, this difference is a
measure of the temperature induced change in dynamic susceptibility,
Ax"(Q»E)> For T-1.65 K and E - 0.8 meV, the difference exhibits a broad maxi-
mum at (001). As phonon scattering is independent of temperature in this
regime the enhanced scattering is therefore magnetic. The location of the
wave vector maximum shows that the symmetry of the spin fluctuations that have
been excited is antiferromagnetic. The spectrum of the fluctuations at 1.65 K
is unusual; independent of energy from 0.4 to 0.8 meV it falls rapidly, most
steeply at 1.4 meV, to essentially zero by 2.0 meV. The energy at the point
of steepest descent is comparable with the Kondo temperature (17 K). The
spectral intensity at a fixed energy e.g. 0.8 meV (corresponding to 9 K) drops
dramatically on cooling; it falls from the high value reached in the 2.0-2.5 K
range to its low temperature value at 1.2 K. In other words the scattering
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has been activated by temperatures an order of magnitude less than the thermal
equivalent of the spectral energy. Such activation of Ax" is consistent with
the existence of a quasi-gap (a region of low density of states) in the heavy-
fermion spectrum. A gap energy of order 1.4 ± 0.3 K or 2.9 Tc is indicated.
The thermally induced magnetic scattering is thought to arise from initial
states above the quasi-gap. Such a gap is unlikely to arise from f-d hybridi-
zation which is expected to occur at much higher temperatures (17-19 K) i.e.
the Kondo temperature. The relation of the quasi-gap to Tc is comparable to
that expected in the superconducting phase itself. This suggests that there
may be a significant density of precursor pairs forming dynamically at 2-3
times Tc. Such effects have not been observed in ordinary BCS superconduc-
tors. Alternatively a gap is forming in the quasiparticle spectrum on a
temperature scale rauch lower than the Kondo temperature. The observations,
through the magnetic cross section, provide direct evidence that the spin
fluctuations play an essential role in the superconducting pairing at UPt3»

3.4 Phase Transition in a

W.J.L. Buyers with K.M. Hughes, M.F. Collins and J.E. Greedan (McMaster
university)

Measurements were made of the temperature and field dependence of the neutron
scattering from the first large crystal of UPt3 grown at McMaster. It was
known from cooperative experiments at- Oak Ridge that the superconducting
transition was suppressed below 0.1 K by impurities or non-stoichiometry
introduced by the growing and annealing procedures. To enhance the spectro-
meter's sensitivity to the weak continuum of magnetic intensity the high
acceptance analyser, set for E\ = 3.3 THz, was equipped with a newly built
focussing monochromator (PR-P-140: 3.7 AECL-8648). An increase observed in
the quasielastic scattering in cooling from 165 K to 9 K is attributed to the
increased Debye-Waller factor. No change was observed at 9 K when a 3.8 T
Field was applied. No significant changes in the inelastic scattering were
observed with temperature and field variations. Field induced changes were
discovered in the (002) Bragg intensity. Following a sharp increase at 1.7 T
the intensity continued to increase reaching 15% more than its zero-field,
value at 4 T. The (202) peak showed a sharp decrease at the same 1.7 T field-
By contrast the (300) peak, which like (002) has a magnetic structure factor
of ferromagnetic symmetry, showed no significant change. The observation of a
sharp change at one field suggests either a specimen mount with two stable
positions or the presence of a first-order transition. The experiment will be
repeated with a higher purity crystal.

3.5 Spin Waves and a New Phase In the One-Dimensional Antiferromagnet
CsMnBr3

W..T.L. Buyers with B. Gaulin and M.F. Collins (McMaster University)

In hexagonal CsMnBr3 below 8.9 K the spins of the Mn + ions are arranged with
a 120° structure in the basal plane with adjacent planes coupled antiferromag-
netically. Above 8.9 K the dominant one-dimensional interaction leads to a
set of essentially independent chains of alternating Mn spins oriented perpen-
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-.licular to the C chain axis by the weak XY dipolar anisotropy. Measurements
made in the low-rfmneratnre ordered phase revealed two modes at (001) as well
-is a yap mode and fioldstone mode at (1/3,1/3,1). In a magnetic field of 3.8 T
) now phase of CsMnBrj was discovered between 7.5 K and 9.1 K. In the ordered
phase, increased central peak intensity, often associated with solitons, was
shown to arise from the movement of a spin wave under the more intense central
peak. True soliton scattering In the one-dimensional phase was found to be
very weak.

3.6 Spin Waves and Ordering in the One-Dimensional Canted Antiferromagnet

W..I.L. Buyers and P.N. Gerlach with R.M. Morr.i and R.T,. Armstrong
(University of >roronto) and K. Hirakawa (University of Tokyo)

Spin waves have been observed in the ordered and paramagnetic phases of
CsNiCJ!3 from 1.5 K to 18 K. Three-dimensional interactions were sensed
through the gradual disappearance with temperature of the dependence of the
frequency on the basal plane component of the wave vector. The interactions
appear to be small by 15 K where the frequency of the spin wave at
(-0.2,-0.2,1) has risen from 0.30 THz at 2.5 K to 0.50 THz, close to the
0.55 THz frequency of the (0,0,1) mode. For the (0,0,1) mode the intensity
decreases and the width increases monotonically as the temperature is raised
from 1.8 to 16.0 K. There is little change on traversing the three-dimensio-
nal phase transition, determined in this experiment to occur at 4.5 + 0.1 K.
There is a shoulder in the Bragg intensity at the ordering wave vector
(1/3,1/3,1) suggesting a second phase transition at 3.9 ± 0.1 K.

3.7 High-Effiencv Focussing Neutron Monochromator

W..I.L. Buyers and A.H. Hewitt

A horizontally focussing monochromator assembly has been designed and built.
It consists of five 1.2 cm x 8.9 Cm vertical strips of graphite which can be
independently rotated about their vertical axes. The plane containing the
axes is rotate from the usual mirror position of a conventional monochrotna-
tor. Each of the five graphite strips is separately tuned to focus scattered
neutrons on the detector. The result is that neutrons scattered by a small
specimen may be collected over a large horizontal angular range while maintai-
ning good energy resolution. Since the angle of acceptance of each graphite
strip is set by its mosaic spread, no colltmators are used before or after the
monochromator. For 3.3 THz neutrons the acceptance angle is 3°,about four
times greater than the acceptance of a conventional colllmator and flat
crystal assembly of comparable energy resolution.

3.8 The Crystal Structure of P~CaNi5(Do.77)

B.M. Powell with L.D. Calvert and J.J. Murray (National Research
Council)

The analysis of the neutron powder profile of ß-CaNi5(Dn..77) described
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previously (PR-P-138: 3.3; AECL-8267) has been completed. The difference
analysis suggested the most probable coordinates for the Ca and Ni atoms and
two probable sites for the D atoms in the assumed space group Pm2m. These
parameters were refined by a full scale Rietveld analysis of the profile. The
refinement converged to give a weighted R-factor of 9.2%. All atom coordina-
tes and the D site occupancies were determined. However, analysis of the
resulting structure revealed the presence of a possible c-glide plane perpen-
dicular to b, suggesting the data might be interpreted in terms of the higher
symmetry space «roup Pmcm. Refinement with this assumed space group gave a
weighted R-factor of 9.8%. The similar structure and residuals obtained with
the two space groups imply that the higher-symmetry space group Pmcm should be
preferred.

The arrangement of the metal atoms in P-CaNi5(00.77) is a distortion of
the hexagonal CaCus-type structure of a-CaNig. Infinite chains of tilted
(Nii,Ca2) "octahedra" run parallel to a with the octahedra sharing Ca atoms at
their apices. The octahedra are inequivalent due to the orthorhombic distor-
tion and the deuterium atoms occupy these octahedra. Approximately 80% of the
O atoms are in the less distorted octahedra while the remainder lie in a site
for which the Nil* "square" is distorted into a pronounced diamond shape.

3.9 Structure and Dynamics of Clathrate Hydrates

B.M. Powell with T.S. Tse and C.I. Ratcliffe (National Research

Council)

Detailed analysis of the experimental powder profile of Kr/r>20 (PR-P-138:
3.12; AF.CL-8267) clathrate hydrate confirmed the hydrate structure to be of
type II with a lattice oarameter, a » 17.01 + 0.01 A at 5.7 K. The intensi-
ties of the Debye-Scherrer peaks were fitted in an effort to determine the
guest molecule occupancies of the two water cages. However, since the data
extend over a limited range of scattering angles, these occupancies could not
he unambiguously determined. Analogous powder profile measurements for 0/D2O
clathrate show that this hydrate also has the type II structure with a =
17.09 + n.01 fl.

Further inelastic scattering measurements were made on CHi»/D20 at 5.4 K to
investigate the momentum dependence of the three frequencies observed pre-
viously (PR-P-138:3.12;AECL-8267). Measurements were made at five momentum
transfers, lo I between 2.67 £~ and 1.01 tr and the frequencies showed no
change over this range. However, the observed intensities showed significant
variations. The peaks at 0.85 THz and 1.80 THz both decreased in intensity
with decreasing momentum transfer, the latter peak vanishing at the lower end
of the range. The peak at 0.25 THz showed a maximum in its intensity at |Q|=
1.55 A- . This peak is tentatively interpreted as the lowest rotational exci-
tation of CHi, in the water cage. Further analysis is in progress and addi-
tional measurements are planned.
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3.10 Collective Excitations In Orientationally Disordered SF6

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

Inelastic neutron scattering measurements of the translational collective
excitations propagating in the orlentattonally disordered (OD) phase of SFg
all showed broad, diffuse peaks (PR-P-132: 3.2; AECL-7605). It has not proved
possible to Interpret these data in terms of any existing theories for the
dynamics of OD solids. The success of molecular dynamics simulations of SFg
and the interpretation of the disorder In terms of orientational frustration
(M.T. Dove and G.S. Pawley, Molec. Physics, to be published) suggested that
such calculations may also be useful in understanding the inelastic neutron
scattering data. A molecular dynamics simulation of SFg at the experimental
conditions was made on the DAP computer in Edinburgh and the time autocorrela-
tion function of the density operator was calculated. The Fourier transform
of this function Is the dynamical structure factor. Following several small
corrections, this function Is directly comparable with the neutron scattering
data. The calculated lineshapes are in fair agreement with those observed and
show that even the translational collective excitations in SFs are heavily
overdaraped. The similarity between the total structure factor and the centre
of mass component shows that the coupling between the orientational disorder
and the centre of mass motion is strong. The calculation shows that although
short wavelength collective excitations cannot propagate in SFß, well-defined
acoustic phonons do exist at wave vectors smaller than those studied experi-
mentally. The wave vector at which the transition between the regime in which
acoustic phonons propagate and that in which overdaraped, non-propagating exci-
tations exist is found to be temperature dependent. This result necessitates
a revision to current theories of collective excitations in OD molecular
solids. Neutron scattering measurements are planned to investigate this
transition regime.

3.11 Low Temperature Structure of S?6

B.M. Powell with M.T. Dove (University of Edinburgh)

Despite repeated efforts to analyse the experimental neutron powder profile of
SFg at low temperature (PR-P-129: 3.4; AECL-7328) it has proved impossible to
determine the crystal structure of the low temperature phase. A possible
explanation for this difficulty Is that some of the low angle Debye-Scherrer
lines are actually unresolved doublets. Consequently test measurements were
made on a polycrystalllne specimen of SF6 at 5 K with neutron wavelengths of
4.1975 A and 4.9978 Â to see if any of the low angle peaks could be separated
into obvious doublets. Filters of 30 cm of quartz and 5 cm of Be were inser-
ted in the Incident beam to suppress higher order contamination. Several of
the lines observed in the earlier measurement were now found to be split,
while others were broader than the resolution width but not split even at the
longer wavelength. A total of 19 possible peaks were observed in the present
measurement at X • 4.1975 A, whereas only 10 peaks had been observed previous-
ly in the corresponding inge of scattering angles. A comprehensive profile
measurement is now requited at the higher resolution with much better statis-
tics and a more precisely measured resolution function. It is hoped
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that these data would then lead to a determination of the low temperature
structure of SF6-

3.12 Phonons in

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

Measurements of the phonon dispersion curves of sym-CgFsCJ^ at 4.2 K have been
continued with the crystal reoriented to have the basal plane as the scatter-
ing plane. With the aid of structure factors calculated from an assumed
rigid-molecule model, six branches of the dispersion relation along [110] have
been outlined and the six branches along a* which were unobservable in the
previous orientation (PR-P-137: 3.11; AECL-8106) have now been determined.
The agreements between the observed and calculated frequencies and intensities
are only fair. This suggests that although the model is qualitatively correct
the present data will allow a more detailed refinement of its parameters.

3.13 Molecular Dynamics Simulation of ft-N;

L.M. Powell with O.S. Pawley (University of Edinburgh)

A program has been written to carry out on the DAP computer in Edinburgh a
molecular dynamics simulation of the orlentationally disordered phase of solid
nitrogen (ß-N2)> The behaviour of the simulation sample is monitored during
the calculation by computing its pressure and temperature, together with the
temperature fluctuations. The molecular potential energy and total energy are
also computed. The crystal structure into which the sample evolves is inves-
tigated by calculating molecular centre of mass positions together with their
mean square displacements. The bond orientation distribution function and the
intensities of specified Bragg peaks are also computed. The code was then
further developed to compute parameters which characterize the time evolution
of the simulation sample. The time dependence of the translational and orien-
tational velocity auto-correlation functions and the time dependence of the
density operator can all he computed by setting appropriate switches in the
input data. The Fourier transform of the latter quantity is directly compara-
ble with Inelastic neutron scattering measurements of the excitations in ß-N2
made previously (PR-P-128: 3.3; AECL-7234).

A simulation for T = 55 K and for zero pressure is presently equilibrating
from the starting configuration and the crystal structure appears to be hexa-
gonal, in agreement with experiment.

3.14 Crystal Structure and Phase Transition In Deuterated Methyl Bromide
(CD3Br)

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

The structure determination of CD3Br forms part of a series of investigations
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of various haloeenated met'ian.-.. < 'T<-Y- i i1 : "<. '• ; .V CL - 7 5 1 0 ) . Methyl bromide is
of special interest ber.iüKO i! .•••-1 '' if. a ' i r: ! order plinse transition. The
low temperature phase, n< . iri •• • > ! ... ; .'• i , w.n reported Lo be orthorhombic,
space group Pnma (T. KauigrHii ,M d . , 'li-.11 . O-^m. Soc. Tapan _46_ (1973) 5 3 ) ,
bat the crystal structure froT. !7i K •!•> to fh>> ii.-ltint» point at 179 K was u n -
known. We have invest i gat er] Mi.- crv»l al strnctnres in both crystalline phases
by neutron diffraction from a pol/rry~tal î i ne-, fully deuterated sample.
A profile analysis of t!u> ;1.ita t.iV.en ai: 14-J K confirmed the low temperature
structure reported earlier (ljiti:^ p.iramc-crs a = 4.511 #, b = 6.504 A, c =
9.350 Ä ) . The structure- ran !-.-• -!.>•. :ri K?J ,,:; ,-i cv.'O-dîmensional arrangement
with the halogen and carbon atoms lying on a mirror plane. The molecules in
one plane are parallel to nach ofhnr, whilo molecules in alternate planes are
arranged antiparallel.

The transition to the hi eh trnpiiramrp ph.isr» was found to occur at about
174 K« The Structure at 175 V. i<; r'oterminod ilso to be orthorhombic (a =
6.637 A, b - 5.400 A, c = 1.1'.^ ') 'rut with a different space group, Cmc2^.
Surprisingly It appears that this phase is isostructural with CH3CÄ, which
ahows no phase transition nt all. Molecules lying In the mirror plane are in
an antiparallel configuration in this structure. ftx both temperatures no
indication of orientational disorder was found. This should show up either as
a modulated diffuse background or as a poor profile refinement. An analysis
using anisotropic temperature factors and intermolecular potentials is under-
way to explain the very large change in the orientation of the molecules at
the transition.

3.15 Low Frequency Phonon Modes in UTe

T.M. Holden and W..J.L. Buyers with J.A. Jackman (Materials Science

Branch) and 0. Vogt, E.T.H., Zürich

Measurements of the low frequency (v < 1.5 THzi phonon modes in UTe were made
at 300 K on a crystal with a mosaic spread < 0.2° (PR-P-139: 3.11; AECL-8554).
The measurements were made to Improve our earlier results(PR-P-133: 3.11:
AECL-7683), which were of limited accuracy at low frequencies due to the large
mosaic spread of the previous sample, and to compare with recent ultrasonic
measurements (Neuenschwander et al. Proc. 14th Journées des ActinHes, Davos,
Switzerland (E.T.H. Zurich) 1984 p. 30). The experiments were carried out at
the C5 spectrometer with a Si (111) monochromator and a pyrolytlc graphite
(002) analyser. The frequencies were corrected for the vertical divergence of
the neutron beam. The velocity of the [00C] LA phonons agreed, within experi-
mental error, with the velocity determined ultrasonically, but the velocity of
the [00C] TA branch was slightly below the ultrasonic value. The velocities
of the LA and TA branches in the [ÇÇO] and [ÇCC] directions were less than the
velocities computed from the ultrasonic elastic constants. It is concluded
that the systematic differences found between the elastic constants determined
by ultrasonics and by neutrons arise from the different frequency range of the
two probes. For both UTe and US the differences are tentatively ascribed to
the Interaction of the lattice vibrations with electronic quadrupolar excita-
tions of the 5f electrons on the urnnium ions.
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3.16 Neutron Diffraction from New and In-Servlce Turbine Blades

T.M. Holden and B.M. Powell with S.R. MacEwen (Materials Science
Branch)

Diffraction experiments were carried out on the C5 spectrometer on new and in-
service nickel-based turbine blades in order to find a parameter which is
sensitive to in-service ageing of the blade. The neutron wavelength was
1.748 Ä, obtained from the (111) planes of a Si monochromator. Three classes
of strong peaks were observed: NiCrAA f.c.c. solid solution peaks, peaks from
regions of Ni3A-? in the blade, and peaks fom a ß-NiAA surface coating designed
to prevent oxidation. Two very weak peaks were observed which correspond to a
cubic lattice parameter of 4.41 Â; the peaks were ascribed to the (002) and
(220) reflections from the mixed carbide phase (Nb, Ti)C for which the h+k+Jl =
odd reflections would be expected to be several times weaker in intensity. A
further weak peak with a d-spacing of 2.72 A could not be identified. It was
originally thought that a deleterious carbide phase (M23C6) formed from the
mixed carbide on ageing might have been detected. However, the Bragg scatter-
ing from this phase is masked by the 5 barns of incoherent scattering from Ni
which Is observed at all scattering angles.

A slightly smaller lattice parameter of the f.c.c. solid solution was observed
in the used blade. Since ageing may only be one cause of such a decrease,
composition variations being another obvious cause, lattice parameter
measurements are an unsatisfactory diagnostic. A small decrease in the
linewidth of the Ni3AA phase, barely larger than the experimental error, was
observed from the in-service blade which might indicate a slight coarsening of
the particles of this phase. In conclusion, no simple signature of blade
ageing could be identified.

3.17 Measurements of Crystallographic Texture

T.M. Holden and M.M. Potter with J. Scott-Thomas (Queen's University)

The kappa diffractometer is ideally suited to measuring crystallographic tex-
ture because any direction in the sample can be rotated along the scattering
vector without any part of the supporting equipment obscuring the incident or
scattered beams. The kappa diffractometer is programmed to collect data by
the PDP11/34 network system and the data is then transferred from the network
storage disks to the CDC 6600 for analysis. The samples for the first experi-
ments had been previously studied by neutron diffraction viz. Incoloy-800
steam generator tubing (PR-P-139: 3.3; AECL-8554), 36" pipeline steel
(PR-P-139! 3.4; AECL-8554) and Ti doped with deuterium (PR-P-132: 3.7;
AECL-7605). The present experiments were carried out on the C4 spectrometer
at a wavelength of 1.179 Â. The (111) and (002) pole figures of Incoloy-800
steam generator tubing, the_(110), (200) and (211) pole figures of pipeline
steel and the (0002) and (ll~20) pole figures of Ti doped with deuterium were
measured.
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3.18 Measurement of Strain in 36" Pipeline Steel

B.M. Powell, T.M. Holden, H.F. Nieman, A.H. Hewitt and S.R. MacEwen
(Materials Science Branch)

Preliminary measurements of axial strain close to the girth-weld of a section
of 36" pipeline steel were made at the C5 spectrometer. The section, exten-
ding 18 cm on either side of the weld and weighing about 110 kg, was set up on
an XY translator with its axis horizontal and with one wall centred in the
beam. The sample and a counterweight were hung from the crane at the C5 loca-
tion. Preliminary results indicate that the texture of the pipe varies
through the wall thickness and that there are measurable differences between
the strains near the inner and outer wall surfaces. The differences are a
function of distance from the weld. The neutron beam was incident on the
pipeline below its its horizontal diametral plane, a poor geometry for experi-
ments since the vertical ribbon beam samples too large a fraction of the
thickness of the wall. For subsequent measurements, a section of the spectro-
meter will be removed so as to place the diametral plane of the pipeline in
the neutron beam.

3.19 Vacancies in CU3AU and CuAu by Positron Annihilation

S.M. Kim

The temperature dependence of the positron annihilation peak counting rate has
been measured in CU3AU and CuAu between 20°C and 860°C in increasing and de-
creasing temperature scans. In CU3AU the peak rate increased linearly with
temperature up to <= 38O°C with a slope equal to 5.4 x 10" /°c. When the
temperature was raised above the order-disorder transition temperature of
388°C, the peak rate abruptly increased by 0.64%. Above 39O°C the peak rate
showed an S-shaped rise and saturation due to positron trapping at vacancies.
The peak rate did not show any hysteresis effect although it is known that the
ordering transformation in this alloy is exceedingly slow.

The alloy CuAu undergoes two first-order phase transitions, from an ordered
tetragonal phase to an ordered orthorhomblc phase at 38 5°C and then to a dis-
ordered f.c.c. phase at about 410°C. The peak rate in chis alloy was measured
between 20°C and 800°C. No hysteresis effect was seen for temperatures above
4.10°C. Below 4l0°C, however, reproducible results could only be obtained in
very slowly increasing temperature runs since the geometry of the specimen
surface changed appreciably near 400cC. The peak rate increased linearly with
temperature up to about 34O°C. Between 34O°C and 400°C the peak rate rose
slightly and at 410°C it decreased abruptly by about 0.5%. Above 410°C the
peak rate showed the usual S-shaped rise and saturation due to positron trap-
ping at vacancies.

Detailed theoretical analyses have not yet been made, but preliminary analyses
show that the vacancy formation energies determined by the threshold tempera-
ture method are = 1.05 eV in disordered C113AU and ~ 1.00 eV in disordered
CuAu. These values agree (to within 5%) with those calculated from the recent
theory (Phys. Rev. B30 (1984) 4829).
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3.20 Fourier and Patterson Analysis of Neutron Diffraction by Membranes

P. Martel

The change In the ratio of the Integrated intensities of the first and second
interlayer diffraction peaks on going from pure dlpalmltoylphosphatidylcholine
(DPPC) to DPPC plus tetrahydrocannablnol (THC) Is qualitatively as might be
expected if THC molecules were lodged just inside the headgroups of the DPPC
layers (PR-P-139: 3.5; AF.CL-8554). In order to quantify this conclusion
Fourier and difference Patterson profile analyses have been employed in making
computer fits to the data. A step-function model of the various layers was
assumed. Using calculated neutron scattering densities, the width and posi-
tions of water, DPPC head group, THC and lipid layers were varied. In some of
the calculations the scattering densities were also varied. The best fits
were compatible with a thin THC layer just inside the outer DPPC head group
region.

3.21 Computation of Small Angle Neutron Scattering from Molecules of
Arbitrary Shape

F.U. Ahmed and P. Martel

A novel method for calculating the neutron scattering from randomly oriented
molecules of complex shape has been reported by 0. Glatter (Acta Phys.
Austriaca J>2_ (1980) 243, I.L.L. Annual Report (1983) p. 62). It consists of
filling the molecular volume with a large number of small spheres and taking
account of the interference effects by using the Debye formula. With this
method the problem of spatial averaging does not exist.

Whereas Glatter deconvolutes the data to obtain the scattering function which
may be compared with theory, our approach is to convolute the theoretical cal-
culations with the spectrometer resolution and then to perform least squares
fitting. In the present program (written without reference to Glatter's code)
the scattering calculated analytically for regular shapes e.g. cylinders,
ellipsoids and spheres has been reproduced. In addition, the program goes
beyond regular shapes and permits a "goodness of fit" comparison to be made
for any arbitrary shape. The radius of gyration may also be calculated for
any shape. Initial calculations on the scattering from cobra neurotoxin
assume a three ellipsoid model as suggested by the single crystal X-ray
diffraction measurements of Walkinshaw et al. (Proc. Nat. Acad. Sei. USA TT_
(1980) 2400). To date these calculations have yielded the same "goodness of
fit" values as were obtained with the ellipsoidal model (PR-P-139: 3.7;
AECL-8554).

3.22 Dehydration of DMA at Physiological Temperatures

D.C. Tennant and P. Martel

The posibility that DNA might lose water of hydration near 37°C was indicated
by previous measurements on DNA bases (P. Martel and B.M. Powell, Biophys. J.
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41 (1983) 91). Measurements have therefore begun on calf rhymus DNA which was
hydrated in an atmosphere of 100% relative humidity (R.H.). These measure-
ments are carried out using a computer-controlled thermogravimetric system
(PR-P-140: 3.24; AECL-8648).

Preliminary measurements indicate that the sample loses water rapidly
as the temperature is increased (« O.5°C/h) from 20°C to 25°C in air at R.H.
*> 20%. Between 25°C and 30°C little weight loss occurs. Accelerated weight
loss is again observed between 30°C and 40°C. Further measurements are in
progress and the possibility of bacterial contamination is being examined.

3.23 Single-Particle Scattering in Superfluid ''He at Low-Q

D.C. Tennant and E.C. Svensson

The search (PR-P-139: 3.2; AECL-8554) for the single-particle scattering in
superfluid He at low momentum transfer, Q, expected because of the existence
of a substantial fraction (K 13%) of Bose-condensed atoms is continuing. The
requirements that the detection system be stable and noise-free are exceeding-
ly stringent since one is searching for a very weak signal. The study was in
fact plagued for several months by low-level (and very infrequent high-level)
intermittent noise in the detection system. After several changes and exten-
sive testing, a sufficiently good detection system was assembled, and we were
then able to establish that there were very weak but well-defined peaks
centred, within experimental uncertainty, on the free-particle energies for
both Q = 1.00 A"1 (vr = 0.126 THz) and Q = 1.13 A"1 (vr = 0.161 THz) at
a temperature of 1.04 K and a pressure of 2 atra. These peaks were approxima-
tely 40 times weaker than the one-phonon peaks at the same Q values and 250
times weaker than the one-phonon peak in the roton region (Q = 1.926 A )•
Similar results were obtained at a pressure of 12 atra. Subsequent investiga-
tion of possible spurious processes that could give rise to these weak peaks
has shown that at least a substantial part of their intensity can be attribu-
ted to higher-order neutrons (mainly 3rd and 4th order) leaking through the
room-temperature 5 cm thick beryllium filter. [When one is doing a measure-
ment at the free-particle energy, Er = ft Q /2m, at momentum transfer Q with
first-order neutrons, one is simultaneously doing measurements at the free-
particle energies fi (n0) /2m at momentum transfers nQ with nth-order neutrons.
Since the main response by liquid He for Q values > 3 Ä" is in fact centred
near the free-particle energy (R.A. Cowley and A.D.8. Woods, Can. J. Phys. U9_
(1971) 177), the presence of higher-order neutrons will thus give rise to
spurious peaks at the expected free-particle energies.] To reduce the number
of higher-order neutrons to a negligible level, the spectrometer has been
modified to accept a longer (10 cm) beryllium filter cooled to 77 K. This
filter transmits less than 0.05% of the higher-order neutrons, about 40 times
less than the previous beryllium filter. Measurements using this new filter
are now in progress.

3.24 Computer Temperature Control and Data Acquisition System

D.C. Tennant

A versatile Aata acquisition and temperature control system has been designed
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to operate from a Commodore CBM 8032 computer. A digital interface has been
designed that permits 24-bit communication between the computer and up to 7
input-output devices. Software has been developed to control the temperature
while biological specimens are being weighed.

In this system, a thermometer analog signal is measured by a voltmeter which
is interfaced to the computer. The signal or temperature is compared to a set
temperature and an error signal sent to a power supply which drives a heater.
Temperature control is better than 0.1°C over a range of 25°C to 70°C. A
Mettler PE 160 electronic balance is interfaced with an IEEE-488 GPIB. The
balance can measure up to 160 g and has an accuracy of 0.001 g.

3.25 Orientation Program for the ic-Diffractometer

M.M. Potter, B.M. Powell with R. Morelli (University of Toronto)

The sections in the ic-diffractoraeter control program (PR-P-137: 3.19;
AECL-8106) that search for specified reflections and then optimize their
angles have been written and have undergone initial testing. The user inputs
a list of reflections, for which the diffractoraeter must search, and
approximate orientation angles, if known. Further user input specifies the
character of the search e.g. the range and step size of each angle, the
sequence in which the angles are to be scanned and criteria which specify
whether a peak has been detected or not. The diffractoraeter will search for
the first reflection in the input list starting the search with all angles set
to either the values given in the input or 0".

When a peak is detected the program enters the optimization routine. A scan
of one angle is performed and the angle set to the centroid of a gaussian
fitted to the data. The procedure is repeated for each angle in turn until
convergence is achieved. The program outputs these optimized angles and
repeats the procedure for the next reflection in the input list.

3.26 Spectrometer Control System

M.M. Potter

The PDP11/34 computer and TU10 tape system acquired from Bldg. 114 have been
incorporated into the network system in Bldg. 150. The computer is being used
as a satellite work station and as a source of spare parts for the host
computer. The tape system is being used to store back up system programs and
data.

A Zeta 8 plotter/controller has also been added to the system. The plot
program (PR-P-134: 3.13; AECL-7778) has been modified to support additional
features available on the new plotter.

The spectrometer control program (PR-P-139: 3.14; AECL-8554)has been revised.
New features included on-line statistical analysis of the data to detect
spurious noise, the additional of a half-angle mode and support for sequential
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loading of two input data files. On-line data analysis is achieved by segmen-
ting each total counting period into equal intervals. At the end of the coun-
ting period the interval counts are statistically analyzed. If the variation
in the segmented counts exceeds a user defined acceptable statistical fluctua-
tion, the individual segmented counts are printed; otherwise only the total
count is printed. The half-angle mode keeps the specimen orientation angle
PSI equal to half the scattering angle PHI throughout the scan. This mode
ensures that when correctly oriented at PHI equal to zero, a planar specimen
will always be maintained In a specified configuration e.g. perfect trans-
mission geometry. The ability to load two input data files sequentially per-
mits unattended scan mode switching and the execution of up to 100 consecutive
scans.

3.27 Enhancements to the LSIWOS Program

M.M. Potter

LSINOS, the program that supports communication between a PDP-11 computer and
the Cyber 170/720 computer in Bldg. 508, has been modified. The new version
now operates under a TSX monitor (a time-shared operating system used by two
other branches at CRNL) as well as under RT-11 single job and foreground-back-
ground monitors. A second mode of transmission that does not perform any data
verification during file transfer has been added. This mode reduces trans-
mission time by a factor of 5. The commands format has been modified to
accept an abbreviated input structure, to permit optional debug printouts and
to provide local echoes. The command to transfer files to the Cyber has been
expanded to accept multiple file names. Error recovery and reporting have
been improved and the HELP printout has been expanded.

3.28 Single Crystal Growth System using a Displex Refrigerator

J.C. Rvans, H.F. Nieman and B.M. Powell

A Displex closed-cycle refrigerator has been modified for use In growing
single crystals of substances that are gases or liquids at room temperature.
The growth chamber Is a 15 mm ID quartz tube whose lower end is drawn out to a
tip which fits into a copper cone. A central heater and temperature sensor
form an integral part of this cone. The top of the chamber is sealed to an
invar transition block which contains a second heater and sensor assembly.
The gas/liquid inlet line with its associated heater passes through the invar
block. A third heater and temperature sensor assembly is attached to the cold
finger of the Displex unit.

The system allows the temperature at the tip of the chamber to be varied from
20 K to 250 K and controls the temperature gradient across the growth chamber.
The system is presently being tested by attempting to grow a single crystal of
hexafluoroethane.
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3.29 Reactor Beam-Hole Use

H.F. Nieman and E.D. Earle

The C-2 fast-neutron chopper facility and the Guelph University spectrometer
were shut down for the period. The McMaster University spectrometer operated
for 83% of the time. Utilization at the other occupied beam holes was as
follows:

Beam
Hole

Cl

C4

C5

L3

N5

No. of
Experiments

1

2

12

3

5

No. of
Participating
CRNL Scientists

1

2

7

2

3

No. of
Participating
Non-CRNL
Scientists

0

1

9

1

5

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

40

74*

94

98

36**

Total reactor operating time was 159 days.
* The C-4 spectrometer was shutdown for six weeks to install a new

control system.
** The N-5 facility was re-installed. It had been removed to allow access

to a reactor heat exchanger.

3.30 Additional
Section of

eh Resolution Measurements of the Photofission Cross
U Near Threshold

J.W. Knowles, W.F. Mills and R.J.E. Deal with J.C. Kim and P. Rullhusen
(University of Illinois)

238

Measurements of the photofission cross section of U have been made between
4.96 and 6.35 MeV with a resolution of 12 - 14 keV with the Chalk River
hremsstrahlung raonochromator at the University of Illinois. A significant
improvement in reproducibility over previous measurements (PR-P-134: 3.18;
AECL-7778) has been obtained by monitoring the relative counting rates in the
electron detectors of the bremsstrahlung monochromator (J.W. Knowles et al.,
Phys. Lett. 116B (1982) 315) during the photofission measurement. This was
done by monitoring the intensity of the bremsstrahlung beam transmitted
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through the fission counter with a Nal(TA) detector behind a lead slit.
Pulses from the fission counter and from the NaI(T£) were recorded in coinci-
dence with pulses from the electron detectors. In this way, relative irregu-
larities in the fast counting rates of the plastic and wire-counter electron
detectors caused by high-frequency erratic behaviour in the intensity of the
incident electron beam are compensated to first order. The reproducibility of
the ' U cross section measurements at low energies has been improved by
approximately a factor of four and six peaks between 5.06 and 5.50 MeV have
been resolved. Because these peaks are well below both the inner and outer
fission barriers at 5.88 and 6.40 MeV respectively (PR-P-136: 3.14; AECL-7982)
they are interpreted as intermediate structure in the outer well of a two well
potential describing the fission process.

3.31 Bremsstrahlung and Co Gamma-Ray Energy Utilization Efficiencies

M.A. Lone and F.U. Ahmed with P.Y. Wong (Mathematics and Computation
Branch, O.E. Lee-Whiting (Theoretical Physics Branch) and S. Douglas
(Reactor Physics Branch)

For industrial irradiation a competitive assessment of an Isotropie y~ray
source (such as Co) and an anisotropic electron-linac-based bremsstrahlung
source requires data on the y~ray energy utilization efficiencies. These
depend on the source characteristics, the chemical and physical composition of
the irradiated medium, the irradiation mode and the desired dose uniformity
within the medium. Because of the complexity of the electron and y-vay inter-
actions, Monte Carlo codes are needed for an accurate calculation of the these
efficiencies. However, for a large system involving extended source and
medium, the Monte Carlo technique is very time consuming and expensive.

We have developed a code GAMDOSE that uses a finite source and the one-dimen-
sional Monte Carlo results to compute the dose profiles in an extended three-
dimensional medium analytically. This composite technique provides good
accuracy and spatial resolution at considerably lower computation cost than is
possible with the straight forward Monte Carlo technique. Table 3.31.1 shows
some examples of the calculated efficiencies for a Co (1.17 and 1.33 MeV)
Isotropie y~ray irradiation and an anisotropic 5 MeV electron-beam bremsstrah-
lung irradiation. In these calculations the medium is water, with various
effective densities, flowing in a plane perpendicular to the irradiating beam.

The data show that for a comparable irradiation mode and medium the 5 MeV
electron induced bremsstrahlung from a Ta target is about 50% more efficient
than the Isotropie gamma radiation from a Co source.
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Table 3.31.1

Calculated beam energy utilization efficiencies (assuming two sided

irradiation, a water medium and a source to target-face distance = 20 cm.)

Source

60Co

Brem. from

5 MeV

Electrons
on a
1.4 g.cm"

Ta
radiator

Dose Ratio*

max mln

2.0
2.0
2.0
2.0

2.0

2.0

2.0

Source
Height

(cm)

120
120
120
120

120

120

120

1

Height

(cm)

110
130
130
100

120

130

150

Medium

Depth

(cm)

20
25
45
60

25

40

60

Density

(g cm"2)

1
0.5
0.15
0.15

1

0.5

0.15

Efficiency
Energy used/
Beam energy

%

38.4
31.0

16.2
14.9

55.5

47.9

26.8

* For each case efficiency is calculated only for that part of the medium

within which the dose ratio is equal to 2.0.

3.32 Electron Dose Distribution in Large Media from Extended Sources

M.A. Lone with P.Y. Wong (Mathematics and Computation Branch)

The calculation of electron dose distribution using the three-dimensional
Monte Carlo code SANDYL can be very time consuming and expensive when the
electron range In the medium Is large. The calculation becomes even more
demanding when the electron source is also large so that many more source
particles have to be used in the simulation in order to obtain good statis-
tics. One way to speed up the calculation for a large electron source is to
run the Monte Carlo simulation with a small source and then apply the results
to other source positions. In this way, the dose distribution for a large
electron source can be obtained by adding up the appropriate contributions
from many small sources. This is the principle behind the ELDOSE code which
has been developed for calculating electron dose distribution. The SANDYL/
ELDOSE package has been used for the calculation of isodose curves for 300 -
750 keV electron beams. Preliminary results showed that the dose resolution
is poor because the spatial resolution from the SANDYL calculations is not
good enough. Modifications to the SANDYL code for high-resolution dose calcu-
lations have been made and early results are promising.
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3.33 Data Acquisition System for the Neutrino-Mass Experiment

M.A. Lone and R.J.E. Deal with R.L. Graham and J.S. Geiger (Nuclear
Physics Branch)

The ND6600 data acquisition system was upgraded with the installation of a 160
MB Winchester disk drive and a general purpose analog board. The computer
controlled analog voltage from this board will be used to generate bias
voltages for the tritium source elements.

Electronics recently installed (PR-P-138: 3.28; AECL-8267) were successfully
tested. These include a veto generator for suppression of data accumulation
during abnormal circumstances, a digital channel offset generator for multi-
scan spectrum accumulation from multiple detectors and external timer cir-
cuitry for the detector multi-input scaling unit.

3.34 Parity Violation In the Photodlslntegratlon of Deuterium

E.D. Ear le, S. Kldner, R.J.E. Deal with A.B. McDonald, T. Chupp and
M. Schneider (Princeton University) and E.T.H. Clifford (TRIUMF)

The parity violation experiment on the photodisintegration of deuterium had
exclusive use of the electron test accelerator for four months during this
period.

Initially the stability of the electron energy between alternate 16 ms
measuring periods could not be determined to better than 10" and instabili-
ties In the Pockels Cell generated Instabilities In the neutron yields at
about the same level. These problems were solved by replacing the commercial-
ly purchased y-ray i°" chamber (PR-P-139: 3.9; AECL-8554) with a BGO Y"ray
detector and by replacing the defective Pockels Cell.

Attempts to improve the electron source lifetime by using NF3 instead of O2
were prompted by reported successes at Stanford but proved to be unsuccessful
In our high current application.

Each of two major vacuum failures in electron source hardware delayed data
collection by several weeks while the source vacuum was returned to < 5 *
10" Pa. The run was concluded when the laser Intensity and hence the elec-
tron beam intensity dropped by a factor of five because the Kr gas in the Kr-
ion laser had been exhausted. The poorer source operation following the
vacuum failures and the reduced laser Intensity increased the time required to
reach a given statistical accuracy by two orders of magnitude. Nevertheless,
data were collected at electron energies of 3.2 and 4.1 MeV. Analysis of 150
magnetic tapes will be carried out on the CDC 6600 computer. The statistical
accuracy of these data Is better than 10" but it remains to be seen if the
data can be corrected for the systematic effects observed during data collec-
tion.
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3.35 Tritium Contamination Background In a Heavy Water Cerenkov Detector

E.D. Earle

A possible real time solar neutrino detector Is a 1000 Mg D2O Cerenkov detec-
tor in a deep underground mine. The major technical limitation of such a
detector is the background counting rate in the photomultipliers used to
detect the Cerenkov light. A trace amount of H In the D2O is one potential
source of background.

Samples of tritiated D2O ( H concentration: 70 to 700 GBq/kg) have been exami-
ned with a RCA 8850 phototube and the number of photoelectrons (p.e.) emitted
by the photocathode measured. A pulsed diode emitting yellow light and a
sample of tritiated liquid scintillator were used for calibration purposes.
The measurements indicate that tritiated D2O emits enough photons into 4it sr
to produce 10~ p.e./s/Bq in the photocathode material.

The 50 cm diameter hemispherical phototubes proposed for the solar neutrino
detector exhibit a dark current noise of 20,000 p.e./s (Nucl. Inst. and Meth.
205 (1983) 443). A proposed experimental configuration with 40% phototube
coverage consists of 2000 of these tubes surrounding 1000 Mg of D2O. In such
a configuration a background of at least 20,000 p.e./s/phototube is expected
if the tritium contamination is 10 Bq/kg (30 uCi/kg).

3.36 International Comparisons

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

Ba The BIPM has issued a preliminary report listing the 18 results recei-
ved before 1984 August 3 for the Ba activity concentration. The unweighted
and weighted means at the reference date are (1160.90 ± 0.98) and (1161.55 +
0.90) Bq.mg which may be compared to the CRNL value of (1163.7±19.4)Bq.mg
(PR-P-139: 3.24; AECL-8554). The uncertainty is a ± Iff estimate of combined
random and systematic errors. It might be inferred from the small spread in
the reported values that the uncertainty quoted for the CRNL measurement is
significantly overestimated but this is not necessarily the case. All the
laboratories used similar extrapolation procedures and are subject to similar
systematic errors which are not well understood for the complex Ba decay.
In a later communication the NPL reported an extensive series of measurements
leading to results ranging from 1133 to 1194 Bq.mg" and concluded that the
most probable activity concentration was (1146.3 ± 10.4)Bq.mg~ , a result just
covered by the uncertainty quoted by CRNL. Further analysis and probably more
research will be needed before Ba activity can confidently be measured to
1% or better.

GAM83 An Interim report on the GAM83 exercise (PR-P-139: 3.24; AECL-8554) to
compare procedures for Interpolation of Ge-spectrometric efficiency data has
been received from the ECN, Petten. The results indicate that the differences
between simple and sophisticated fitting procedures are generally inconsequen-
tial; nearly all gave reasonably accurate results. Compared to procedures In
other laboratories the simple CRNL procedure ranked low In fitting precision,
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as judged from the computed residuals. However, for routine y-ray
spectrometry the differences in the accuracy of efficiency or activity
determinations are insignificant (Table 3.36.1).

Table 3.36.1

Data
Set

1
2
3
4

109Cd

Range
(keV)

60-2754
60-1836
6-184
60-1335

Data
Accuracy

High
Low
Low
High

Set
Size

Large
Small
Large
Small

Number of
Results

39
39
32
35

GAM83 Preliminary Results

Number of Results CRNL Difference
Within 1% of Mean from Mean, %

34 -0.1
17 -0.5
19 -0.6
32 -0.3

109
The Cd sample distributed for the BIPM by the 0MH, Budapest, has arrived
and measurements for a preliminary comparison of this nuclide have begun.

3.37 Surface Contamination Standards

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

A series of 16 distributed sources (60Co(5), 90Sr+90Y(6), 137Cs(5)) with
activities in the range 20 to 10 Bq has been prepared as beta-ray surface
contamination standards for R.&.I.S. Branch. Each source was made by
depositing 25 equal aliquots of standardized solution on a 5 * 5 grid scribed
on a 10 * 10 x 0.2« cm acrylic sheet. Self-adhesive polyester tape (6.3
mg.cra" , 3M # 850) was used to protect the active surfaces. To relate the
2n sr emission rates from the standards and from uncovered surfaces to the
source activities it Is necessary to take into account the effects of beta
backscatterlng, Internal conversion, daughter activities and polyester tape
absorption. For each nuclide, covered and uncovered point sources of known
activity were deposited on mounts of the same thickness of acrylic sheet as
the distributed sources and were counted in 2% sr geometry to obtain the
appropriate correction factors.
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3.38 Standards Issued

R.H. Martin

(a) Standard Sources

Co - Reactor Loops Branch
Co - Accelerator Physics Branch

<jn <jn " *'&'z's' Branch (5)
Sr/SUY - R. &.I.S. Branch (6)

- Health Physics Branch (2)
- Chemical Operations Branch

Ba - Health Physics Branch (3)
1 'Cs - Accelerator Physics Branch

- R.&.I.S. Branch (5)

(b) Solution Standards

Mn - Biomédical Research Branch
Fe - General Chemistry Branch
Co - R.&.I.S. Branch
Co - Biomédical Research Branch

..„ - R.&.I.S. Branch
Cd - Biomédical Research Branch
Ba - Biomédical Research Branch

- R.&.I.S. Branch
Cs - Biomédical Research Branch

- R.&.I.S. Branch

(c) Gas Standards

Xe - Reactor Loops Branch (2)

(d) An uncalibrated solution of Yb was prepared from irradiated 16 Yb
and purified by ion exchange for the neutrino-mass experiment.

3.39 K in a Commercial Detergent

R.H. Martin, M.A. Gulick and J.G.V. Taylor

A high background counting rate («• 30 min" as compared to - 3 min"1) in a
guarded low-level counter was not improved by washing the Au-plated Cu cathode
with detergent and rinsing with HNO3. It has been reported that a commercial
detergent left a K-active residue in a Cu counter. The residue could not be
completely removed with concentrated HCX (I. Carrai, Int. J. Appl. Radiât.
Isotopes VL_ (1970) 377). The K content of Alconox, a detergent used at CRNL,
has been determined by measuring the 1460-keV Y ray of K with a Ge(Li)
detector. A 32 g sample of detergent powder was compared to a 25 g KCi sample
in the same geometry. The Alconox was found to contain (0.05 ± 0.02)% K by
weight where the uncertainty is almost entirely due to counting statistics.
Therefore even a gross residue of this detergent would not make a measurable
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contribution to the background rate In a counter (< 5 x 10 min. .mg
detergent; natural K has a specific activity of « 30 Bq.g" ).

3.40 Data Acquisition System for Radlonuclide Metrology

G.A. Tapp and R.H. Martin

Both the 4u ß-y coincidence system and the ion-chamber system are running
smoothly. Plots of y-ray spectra from the series 85 MCA or data entered
manually are now available via a Hewlett-Packard 7470A graphics plotter inter-
faced to the system. A new ion-chamber control module has been designed and
components for it have been ordered. A dual 24-bit CAMAC port has been
purchased to interface the new controller and ion-chamber digital voltmeter to
the system. A user's Manual has been written for the control part of the
software and a technical manual is being prepared.

A program, S85MCS, for the analysis of Ge y-ray spectra has been written. It
is based on the peak search, area and error calculation routines developed by
R.L. Graham (CRNL-731) for the PDP-8 based SUCCEED system. The program was
written in FORTRAN with provision for saving data and results on floppy disks.
The program, IONCLC, for the reduction of ion-chamber data has been modified
to accommodate an unlimited number of data sets. The program corrects
averaged sample readings for background and Ra reference-source readings.
From the intermediate results the mean value and standard deviation of the
mean are calculated for each of up to 14 samples. Results are corrected to a
common reference time by means of decay constants stored in the system.

3.41 Semiconductor Detector Systems

R.J. Toone

Three commercially supplied Ge detector systems have been pumped out and
restored to service for Materials Science, Health Physics and Nuclear Physics
Branches. Two CRNL-built detectors have been pumped and put back in service
for Fuel Engineering Branch and Section TI. A CRNL-built detector used in
Reactor Loop Branch was repaired after its mount became loose and its leads
broke.

Residual gases In the vacuum of six commercial detector cryostats have been
analyzed under contract.

3.42 Bragg-Curve Spectrometer Shells

R..I. Toone, J.G.V. Taylor and G.A. Tapp

An experimental series of glass-cloth/epoxy-resin shells for Bragg-curve spec-
trometers has been successfully molded in two different shapes, tapered hexa-
gonal, sized to suit a 32-face semi-regular ("soccer ball") polyhedron and
tapered pentagonal, sized to suit a 72-face irregular ("8n" spectrometer)
polyhedron, both with an inscribed radius of 20 cm. The inner molds were made
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of wood and the outer molds were made of glass-cloth/polyester resin by using
the inner molds as molds. The constant taper of the shells allows automatic
alignment of the mold parts for various shell-wall thicknesses. Painted-on
polyvinyl alcohol and polyethylene films have been used to release the shells
from the molds. Shells are pressed in the molds with an arbor press by
hanging suitable weights from the lever arm until the resin has hardened.

Four types of glass cloth have been used singly and in combination with enough
layers to give the thickness and strength required. Each layer was cut as one
piece and the joints of successive layers staggered. The epoxy resin Araldite
6010 with hardener 951 has been used for the prototype shells. With optimum
resin/cloth ratios and molding pressures it has been possible to get shells of
50% glass by weight with a wall thickness variation of * 10% in any one shell.

Inner window support grids with >_ 90% transmission were made from 0.25 mm
diameter piano wire wound on steel pins in aluminum frames. A torque motor
was used to provide constant tension on the wire spool while winding the
grids. Grids on an hexagonal frame 160 cm in area with 34 wires at 4 mm
spacing and covered with 12.7 \m thick Mylar film supported a pressure
of 130 kPa before the wire broke.

Flanges were formed in glass cloth and epoxy resin on an hexagonal shell and a
sllicone rubber gasket was cast in place to form a seal to the window frame.
The shell was provided with gas entry tubes for pressure testing. The com-
plete shell with inner window sealed in place and a temporary 127-pun-thick
Mylar gas-tight outer window was clamped between plates and pressurized to
100 kpa co simulate a spectrometer in a vacuum with internal gas at atmos-
pheric pressure. In this test a dial gauge at the centre of the 150-cm
trapezoidal wall, 1.8 ± 0.1 mm thick, registered a maximum deflection of
1.5 mm. In a complete system the outer window would be replaced by a plastic
sclntlllator. This shell thickness and strength would appear to be suitable
for production models.

A trial set of field electrodes has been etched from a sample of flexible
printed-circuit board but has not been tested in a spectrometer.

3.43 Filling System for He Counters

w.M. Inglis

The filling system for He counters has been pressure and vacuum tested with
the trap heated and cooled. Nitrogen gas has been circulated, pumped into a
counter, extracted, stored and pumped back into the counter. These tests will
be repeated with He-Ar mixtures to simulate He-Kr counter fillings.

At the centre of the apparatus is a metal diaphragm pump that displaces » 15
cm per stroke. The pump is operated by alternately applying external vacuum
and pressure and the stroke rate can be varied electronically. The pump is in
the common side of two pressure loops; a detector loop and a gas-supply loop.
Valves are placed so that gas can be pumped from either loop to the other.
The pumping arm through which the system is evacuated, a 0-1.3 MPa
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capacitance manometer and two valve-isolated stems to which counters may be
connected are attached to the detector loop. A 0-1.7 MPa strain-gauge pres-
sure transducer and a cold trap leading to a gas cylinder manifold with pro-
vision for attaching four cylinders are attached to the gas supply loop.
One cylinder is a storage tank in which gas pumped out of a counter can be
held for recycling. The system is designed to fill counters to a pressure of
1.3 MPa. The system, mounted on a cart, is completely mobile and can be moved
from the cryo-pumping station to the counter testing room.

3.44 Helium Leak netector

W.M. Ingiis and M.A. Gulick

The sensitivity of the 15-year-old Veeco helium leak detector had deteriorated
despite periodic maintenance to the point where it could not detect the
standard He leak used for its calibration. It was stripped down for cleaning
and repairs. The diffusion pump heater was replaced, the jet and boiler
assembly cleaned and the oil replaced. The spectrometer tube collector and
electron multiplier were cleaned. The source was disassembled, the focus
plate and grid assemblies cleaned and new filaments installed. The discharge-
gauge liner and anode shield were replaced and the anode cleaned. The accumu-
lator valve was stripped and cleaned. All 0-rings were replaced on reassem-
bly. The oil in the two mechanical pumps was changed. Vacuum tubes were
replaced and electronic voltages and currents adjusted to align the helium
peak.

The system now pumps down to about 30 |iPa with a calibrated sensitivity of
10 cm (STP)s at least an order of magnitude better than before.

3.45 Gas Counters

M.A. Gulick, W.M. Ingiis and J.rt.v. Taylor

A 3He counter, type HP-4A (PR-P-139: 3.27; AECL-8554), was assembled and fil-
led for Section I. The perforated Zircaloy rib deflected visibly with a
filling pressure of 600 kPa. Smaller perforations may be necessary for higher
pressures. The omission of cathode dividers appears to increase the dif-
ference in gas multiplication among the three anodes at constant bias.
Section I will advise if this is acceptable for future counters. Four HP-7
He counters have been assembled ready for filling.

A large counter made in the Nuclear Physics Branch shop for the neutrino-mass
experiment was cleaned, degreased and fitted with 22 individually sprung 100
mm * 50 Mm diameter Au-plated-W wires.

A guarded, low-level flow counter was repaired for the Biomédical Research
Branch. Later this counter developed a high background and was returned for
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cleaning. Several cleanings and acid washings were ineffectual. The counter
has been dismantled and a thin layer machined from the inner surface of the
Au-plated-Cu cathode. The cathode will be replated before rebuilding the
counter.

3.46 Glassblowing Shop

J.G. Wesanko and D.A. Doering

A series of quartz vessels with thermocouple wells and heat dissipation rings
attached were made for heat treating zirconium crystals for safeguards
research in Electronics Branch.

Apparatus constructed for the Catalysis and Isotope Chemistry Section of
Physical Chemistry Branch included six water-jacketed constant-temperature
ion-exchange columns fitted with fritted discs, three water-jacketed columns
with septum entry ports (the largest being 75 cm in diameter by 2 m long), a
vacuum line and assorted containers for a Cahn vacuum balance, six gas-sample
cells and an apparatus for measuring the effective area of metal surfaces for
hydrogen absorption.

Seven silvered dewar flasks were constructed, one for E.I.&.P. Branch, four
for positron lifetime measurements In Materials Science Branch and two very
large (15 cm in diameter by 75 cm long) ones for perturbed angular correlation
experiments in Solid State Science Branch

Twelve reaction filter flasks were made and 30 recovery columns and twelve
headers were repaired for Mo production in Chemical Operations Branch.

Four I production flasks and six iodine recovery capsules were made for
Fuel Materials Branch.

A glass gas rack was rebuilt, two infra-red cells were made and several
repaired for laser photochemistry experiments in Physical Chemistry Branch.
Glass apparatus for anesthetizing mice was constructed for Radiation Biology
Branch.

Twelve furnace tubes were constructed for Chemical Engineering Branch and
twelve quartz furnace tubes Incorporating quartz-to-pyrex seals, manufactured
on site, were supplied to General Chemistry Branch. Twelve ceramic cups were
fused to pyrex tubing to be used for welding electric heaters in the U-l loop
at NRU.

3.47 Machine Shops

A.H. Hewitt and H.C. Spenceley

During the period the Bldg. 116 machine shop effort was divided approximately
as follows; He counters anri filling system, 30%, neutrino-mass experiment,
Bragg-curve spectrometers and work for the glassblowing shop, 20% each and 10%
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parity-violation experiment. A large (15 cm) CVC vacuum gate valve was
dismantled and all steel parts replaced by parts machined from nonmagnetic
materials so the valve could be used at the iron-free n/2 beta-ray spectro-
meter.

In Bldg. 459 machine shop, a three-axis positioner was built to mount a 36 cm
sample of 36" pipeline steel on the C5 spectrometer. A weighted lever
arrangement was used to counterbalance the 110 kg weight of the pipe
(PR-P-140: 3.18; AECL-8648).

A fixture was made to hold a gas turbine engine blade on the three-axis
positioner of the kappa dlffractoraeter.

A new monochromator crystal system was made to enable each of five pyrolytic
graphite crystals to be accurately rotated about its vertical axis, thereby
horizontally focussing the neutron beam (PR-P-140: 3.7; AECL-8648)

Other work included construction of a cadmium lined collimator extension,
containing a 15 * 50 mm aperture with provision for mounting masking slits, a
pair of 25 x 75 mm quartz window specimen chambers with a 1 mm cavity for DNA
experiments, a fixture to hold a 75 * 2 mm thick D2O ice specimen and a
crystal mount for McMaster University.

3.48 Neutron and Gamma-Ray Leakage out of a Cylindrical Shield Assembly of
Lead and Water

M.A. Lone et al.

See PR-P-140: 5.17.3; AECL-8648

3.49 Modification of the SANDYL Code for the Calculation of High Resolution
Three-Dlmenslonal Radiation Dose Distribution

M.A. Lone et al.

See PR-P-140: 5.17.2; AECL-8648

3.50 Stretched Polypropylene Films for the Multi-Element Counter of the
Neutrino-Mass Experiment

M.A. Lone et al.

See PR-P-140: 2.3; AECL-8648

3.51 Multi-Element Counter for the Neutrino-Mass Experiment

M.A. Lone et al.

See PR-P-140: 2.4; AECL-8648

3.52 Counter Electronics for the Neutrino-Mass Experiment

M.A. Lone et al.

See PR-P-140: 2.5; AECL-8648
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3.53 Neutron Diffraction

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

See PR-CMa-67: 4.4.9; AECL-8704

3.54 Temperature-Dependent Angular Correlation Measurements of Positron
Annihilation in Single Crystal Zinc

W.J.L. Buyers, S.M. Kim et al.

See PR-CMa-67: 4.4.12: AECL-8704

3.55 Publications and Lectures

Publications

BOOK: MOMENT FORMATION IN SOLIDS
Ed. W.J.L. Buyers (Plenum, New York) 1984

SPIN DYNAMICS
W.J.L. Buyers
Proceedings of the Summer School on Magnetic Phase Transitions, Erice, Italy,
1983 July 1-15, Springer Verlag (Berlin) Vol. 48. Eds.
M. Ausloos and R.J. Elliott

MAGNETIC EXCITATIONS IN URANIUM NITRIDE
T.M. Holden, W.J.L. Buyers, E.C. Svensson and G.H. Lander
Phys. Rev. B30_ (1984) 114

STATIC AND DYNAMIC SPIN CORRELATIONS IN THE RANDOM ONE-DIMENSIONAL
ANTIFERROMAGNET CsCoxMgi_xC.*3
S.E. Nagler, W.J.L. Buyers, R.L. Armstrong and R.A. Ritchie
J. Phys. C: Solid State 17_ (1984) 4819

VACANCY FORMATION ENERGY IN THORIUM BY POSITRON ANNIHILATION
S.M. Kim, J.A. Jackman, W.J.L. Buyers and D.T. Peterson
J. Phys. F: Met. Phys. 14̂  (1984) 2323

MAGNETIC EXCITATIONS IN DyA*2
T.M. Holden, W.J.L. Buyers and H.-G. Purwins
J. Phys. F: Met. Phys. 14_ (1984) 2701

EXCITATIONS OF ISOLATED CLUSTERS OF Co2+ MAGNETIC IONS IN

KZno.92Coo.O8F3
W.J.L. Buyers, T.M. Holden, E.C. Svensson and D.J. Lockwood
Phys. Rev. B3£ (1984) 6521

A TECHNIQUE FOR THE PREPARATION OF LOW-TEMPERATURE POWDER SAMPLES OF NOXIOUS
MATERIALS
B.M. Powell, G. Dolling, J.C. Evans and H.F. Nieman
J. Appl. Cryst. 17 (1984) 372
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VACANCY FORMATION ENERGIES IN DISORDERED ALLOYS
S.M. Kim
Phys. Rev. B30_ (1984) 4829.

PROPOSAL FOR A NATIONAL FACILITY - THE 8n SPECTROMETER
H.R. Andrews, E. Hagberg, D. Horn, M.A. Lone, H. Schmelng, D. Ward,
P. Taras, J. Gascon, J.C. Waddington, G. Palameta, V. Koslowsky and
0. Hausser, AECL-8329

DIMER FORMATION BY ULTRAVIOLET LIGHT IN CRYSTALLINE 1-METHYLTHYMINE
P. Martel and B.M. Powell
Proceedings of the Xth IUPAC Symposium on Photochemistry, Presses
Polytechniques Romandes, Lausanne, Switzerland 1984, p. 329

MOLECULES TO FORM CLATHRATE HYDRATES OF STRUCTURE II
Y.P. Handa, C.I. Ratcliffe, J.S. Tse and B.M. Powell
Nature 311_ (1984) 142

Lectures

Non-Destructive On-Line Chemical Analysis Using Nuclear Techniques
M.A. Lone
CSIRA Workshop on Sensors, Burlington, Ontario, 1984 May 8-10

An Experiment to Measure the Electron Neutrino Mass from the
ß Decay of H
R.L. Graham, M.A. Lone, H.R. Andrews, J.L. Gallant, J.S. Geiger
G.E. Lee-Whiting
XXII International Conference on High Energy Physics, Leipzig, Germany,
1984 July 19-25.

Dimer Formation by Ultraviolet Light in Crystalline 1-Methylthymine
P. Martel and B.M. Powell
10th IUPAC Symp. on Photochemistry, Interlaken, Switzerland, 1984 July 22-27.

Moment Suppression and Spin Relaxation in Magnetic and Superconducting
Actlnide Systems
W.J.L. Buyers
Gordon Conference on Quantum Solids, Tilton, NH, 1984 July 23-27

Ground States of Heavy-Fermion Systems
W.J.L. Buyers
Riso National Laboratory, Denmark, 1984 August 16

Epilogue Experimental
W.J.L. Buyers
International Conference on Valence Fluctuations, Köln, Germany
1984 August 27-30
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Assessment of Residual Stresses in Zircaloy 800 Tubing Using X-Ray and Neutron
Diffraction
R. Holt, .T.E. Winegar, B.M. Powell, G. Dolling and T.M. Holden
International Symposium on Microstructural Characterization of Materials by
Non-Microscopic Techniques, Ris0 National Laboratory, Ris0, Denmark,
1984 September 3-7

Neutron Diffraction Determination of the Residual Stress Tensor in an
Overrolled Pressure Tube
T.M. Holden, B.M. Powell, G. Dolling and S.R. MacEwen
International Symposium on Microstructural Characterization of Materials by
Non-Microscopic Techniques, Ris0 National Laboratory, Ris0, Denmark,
1984 September 3-7

An Experiment to Measure the Electron Anti-Neutrino Mass from the ß Decay to
3H
R.L. Graham, M.A. Lone, H.R. Andrews, J.L. Gallant, J.S. Geiger, G.E.
Lee-Whiting and G. Audi
AMCO-7 Conference, Darmstadt, W. Germany, 1984 September 3-7.

Investigation of P-wave Neutron Resonance near Binding Energy
Y.K. Ho, F.C. Khanna and M.A. Lone
5th International Gamma-Ray Spectroscopy and Related Topics Symposium
Knoxville, Tenn. U.S.A., 1984 September 10-14

Channel Wave-Functions and Radiative Capture Cross Sections
Y.K. Ho and M.A. Lone
5th International Gamma-Ray Spectroscopy and Related Topics Symposium
Knoxville, Tenn. U.S.A., 1984 September 10-14

Proposal for a High-Throughput Diffractometer and Polarized Beam Neutron
Spectrometer at Chalk River
W.J.L. Buyers
Meeting of Canadian Neutron Scattering Users, Toronto, Ontario, 1984
September 21

The Chalk River Perspective
G. Dolling
Meeting of Canadian Neutron Scattering Users, Toronto, Ontario, 1984
September 21

Neutron Scattering Investigations of Orientationally Disordered Solids
B.M. Powell
University of Montreal, Montreal, PQ, 1984 October 23

Collective Excitations
W.J.L. Buyers
Workshop on Scientific Opportunities with Advanced Facilities for Neutron
Scattering, Shelter Island, N.Y.
1984 October 23-26

The Chalk River Neutrino-Mass Experiment: A Progress Report
R.L. Graham, M.A. Lone, H.R. Andrews, J.L. Gallant, J.S. Geiger,
D.W. Hetherington, G.E. Lee-Whiting and G. Audi
Abstract submitted to the Telemark III Mini-Conference on Neutrino Mass and
Low Energy Weak Interactions, Cable, Wisconsin, 1984 October 25-27.
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Applications of Neutron Diffraction to Engineering Problems
T.M. Holden, G. Dolling, S.R. MacEwen, J. Winegar and B.M. Powell
5th Canadian Conference on Nondestructive Testing
Toronto, Ontario, 1984 October 28-31

Thermal Neutrons - What Use Are They?
G. Dolling
McMaster University, Hamilton, Ontario, 1984 October 31

Energy Future for Canadians
G. Dolling
High School in Belleville, Ontario, 1984 November 7

Energy and Nuclear Energy in Canada
G. Dolling
2 Middle Schools in Lindsay, Ontario, 1984 November 14-15

The Condensate Saga
E.C. Svensson
Ohio State University, Columbus, Ohio, 1984 November 20-21

Superfluid Helium - A Most Fascinating Material
E.C. Svensson
Royal Military College, Kingston, Ontario, 1984 November 22

Energy and Nuclear Energy in Canada
G. Dolling
7 Highschools in P.E.I., 1984 November 25 - December 1

Heavy-Fermion Ground States and Superconductivity
W.J.L. Buyers
Queen's University, Kingston, Ontario, 1984 December 5
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4.2 Neutron Scattering in Almost-Classical Liquids

V.F. Sears

In the last report [PR-P-139:4.2 (AECL-8554)] we described the development of
a theory of quantum corrections for thermal-neutron scattering in almost-
classical liquids. This theory goes beyond the usual quasi-classical approx-
imations, which take only detailed balance and translational recoil into
account, by also including quantum effects in the structure and dynamics of
the liquid itself. This work has now been completed and submitted for publi-
cation to Physical Review A.

4.3 Refinement of Neutron Scattering Lengths by the Inclusion of Local
Field Effects in the Refractive Index

V.F. Sears

We have investigated the way in which local field effects in the neutron
refractive Index affect the values of coherent scattering lengths as deter-
mined by various kinds of neutron optical measurements. These effects are
analogous to those that enter in the derivation of the Clausius-Mosotti rela-
tion for the static dielectric constant and the Lorentz-Lorenz relation for
the ordinary optical index of refraction.

Using a method that we have described elsewhere (Sears, Phys. Rep. 82(1982)1)
we have found that, at the present levels of accuracy, the local field cor-
rection is negligible for interferometry with thermal neutrons. However, for
gravity refractoiaetry with cold neutrons the correction is typically of the
same order of magnit ide as the experimental uncertainty. The available grav-
ity refractometry data have been re-analysed to correct for local field
effects and refined values of the scattering length have been obtained for H,
XH, 2H, C, 0, F, S, Ci, Ga, Br, Sn, Hg, Tl, Pb, and Bi.

The local field effects are also responsible for the attenuation of the
coherent wave in the medium by diffuse scattering (Sears, loc. cit.).
However, no explicit correction for these effects is required in the analysis
of neutron transmission data since they are already included implicitly in
the total collision cross section. There Is, nevertheless, an additional
correction In transmission experiments resulting from the fact that the neu-
tron wave vector In the medium is slightly different from the incident-neu-
tron wave vector as a result of refraction. However, this effect is found to
be negligible for the epithermal neutrons used for accurate scattering length
measurements.

4.4 Penetration of Heavy Ions in Solids

K.B. Winterbon

The paper with P. Sigmund, Odense University, on multiple-scattering energy-
loss distributions (PR-P-139:4.7 (AECL-8554)) has been accepted for pnolica-
tlon by Nuclear Instruments & Methods B. It is expected that the work will
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be continued on other aspects of multiple scattering energy loss, such as its
variation with angle.

Calculations of implanted-ion range distributions are usually done through
the calculation of depth moments of the distribution. These moments are
obtained as solutions of an integro-differential equation in energy. Direct
numerical solution of the equations, by various methods, is somewhat
unstable, so that it is difficult to go to arbitrarily high energy. An
alternative method of solution uses a differential-equation approximation to
the integral equation but is not sufficiently accurate for moments beyond the
second. A new method has been devised that iterates a differential equa-
tion. A computer program has been written and debugged. The new method is
faster than the integral-equation method at moderately high energies, yet of
comparable precision. It is sufficiently stable that it can be readily
extended to higher energies. It appears to be stable to arbitrarily high
energies. Electronic stopping has been included both as a path-independent
frictional force and as a scattering process acting with a specifiable cross-
section. The latter is more appropriate for high energies.

4.5 Chiral Soliton Bag Models

M. Harvey and T. Koppel

Systematics of the solutions for the chiral soliton bag model have been
sought, as a function of varying coupling constants and masses for sigma and
pion fields, by using the numerical techniques developed previously
(PR-P-139: 4.9 (AECL-8554)).

With the "hedge-hog" ansatz for the baryon Fock state the systematics of both
winding number (W) zero and one solutions have been found for many parameter
sets both for &\n and Pi/2 occuPied orbits. We have failed to find any
solution with W > 1. Where parameters overlap we find agreement with the
(W»l) work of Birse and Bannerjee (Phys. Lett. 136B(1984)284) and the (W=0)
work of Kalbermann and Eisenberg (Phys. Lett. 139B(1984)337) but suspect some
numerical Inaccuracies in the (W*l) work of Kahana, Ripka and Levy (Nucl.
Phys. A415(1984)351).

Solutions with the quantum pions ansatz for the Fock state have been sought
for increasing values of the mass (ma) of the sigma field. For reasons
unknown we are failing to find solutions for m o >j 600 MeV. Work continues
to find the reason for this instability.

The non-linear nature of the problem prevc.i.s us from getting a good à priori
"feel" for the character of solutions. We are therefore still forced to pro-
ceed In an unsatisfactory and time consuming, trial and error basis.

4.6 Fermi Beta Decay and the Weak Vector Coupling Constant

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

Recent experimental advances (PR-P-139:4.11 (AECL-8554)) make It timely to
review the « tatus of superallowed 6-decay. Eight transitions are known with
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sufficient precision to test the conserved vector current hypothesis (CVC).

The test is that the ft-values, when suitably corrected for electromagnetic
effects, should all be constant. We write

ftd+ORHl-oc) =$t = constant .

The four low-Z cases ( 0, Ai, CSL and K) are mutually consistent with
an average Jft value of 3075.2 ± 2.1s. Likewise the four high-Z cases ( Sc,
k6V, 50Mn, 5<*Co) are also consistent with an average ̂ t value of 3087.7 ± 2.6
s, but the two groups differ from each other by about five standard devia-
tions. This is a serious discrepancy for which we have no explanation. It
is tempting to suggest that the corrections applied to the high-Z cases might
be in error. For example, the order Za and Z 2a3 contributions to the radia-
tive correction, fijj, of about 1.0% would have to be reduced to 0.6% or the
Coulomb correction, 6C» of about 0.5% would have to be increased to 0.9% to
restore agreement. These are large changes, much larger than the assumed
uncertainties in the theoretical calculations. Until the discrepancy is
resolved, we scale the errors on the data until the x o n the average reduces
to one. This results in a recommended value:

ft - 3080.1 ± 2.4s

and an effective vector coupling constant:

Gy(hc) 3 - (1.14809 ± 0.00045) x 10"5 GeV" 2 .

I* value can then be combined with data on rauon, pion and hyperon decays to
!he universality of weak interactions and to derive values for the

-•'ibi>o angle or its more generalised form, known as fhe Kobayashi-Maskawa
matrix. Details are in a talk prepared for the AMCO-7 <. nference.

4.7 Hindrance Factors in Favoured Gamow-Teller Transitions

I.S. Towner

Proton-rich nuclei between 93Tc and 100Sn, in which the proton g«/, shell
1K7 152.

is being filled, and between Tb and xb, in which the proton hn/2

shell is being filled, decay by 0-transitions that are expected to be highly
favoured. In a shell-model description, a proton in an orbit j> = Jtf-1/2
decays to a neutron in an orbit that is the spin-orbit partner, j. = £-1/2:

j"~\vj<;jf> (i)

The transition rate is characterized by an ft-value defined as

g, B(GT)



where the axial-vector coupling constant has the free-nucleon value,
gA * 1.263, and B(GT) is the square of a nuclear matrix element, which for
the shell-model specification of eq. (1) is

B s p(GT) = n < l y / £ L
100

For the doubly magic nucleus, Sn, thi. single-particle estimate leads to
the extremely low ft-value of logjoft = ^.34 indicating these transitions
should be very fast indeed. In practice, there is a retardation mechanism at
work that can be quantified by defining a hindrance factor as:

h - Bsp(GT)/Bexpt(GT)

Typical hindrance factors are large and in the range h = 5 to 8.

We have calculated contributions to h from core polarisation and pairing cor-
relations, and note the following points:

(1) The calculated hindrance factor is dominated by first-order core polari-
sation which is governed by two factors: the repulsive strength of the par-
ticle-hole force and the energy splitting between the spin-orbit partners
K and jx. (ii) Two-body core-polarisation graphs are very important and
lead to a mass dependence in h that should be amenable to experimental veri-
fication, (ill) Pairing correlations also give a mass dependence with the
opposite but smaller effect. (iv) Higher-order effects (second-order core
polarisation, isobar currents, meson-exchange currents) have only been esti-

eff
mated using a quenched effective axial-vector coupling constant, gA ~ 1.

(v) The calculations give about the right amount of hindrance for nuclei in
which the go/2 shell is being filled, but insufficient hindrance for the
h21/2 nuclei. It is conceivable that not all the shell-model strength has
been experimentally observed in the latter case.

4.8 Effective Charges from E2 Mirror Transitions

I.S. Towner with T.K. Alexander (Nuclear Physics Branch)

See PR-P-14O:2.11 (AECL-8648).

4.9 Fermi ß-Decay: An Experimental Summary

I.S. Towner with V.T. Koslowsky, E. Hagberg, J.C. Hardy, H. Schmeing
(Nuclear Physics Branch) and R.E. Azuma, (Univ. of Toronto)

See PR-P-14O:2.13 (AECL-8648).

4.10 Pulse Height Differences in Surface Barrier Detectors

K.B. Winterbon with W.N. Lennard, J.S. Forster, H. Geissei and
D. Phillips (Solid State Sei. Branch); T.K. Alexander (Nucl. Phys.
Branch)

See PR-CMa-67: 1.2.2 (AECL-8704).
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4.11 Yang-Mills Theories In the Axial and Light-Cone Gauges

H.C. Lee

A set of notes based on lectures given in Taiwan, China and Japan in the
period 1984 February-May has been prepared as AECL-8630. The notes give a
pedagogical exposition of aspects of Yang-Mills theories in the axial gauges,
emphasizing new results partly devised in collaboration with M.S. Milgratn in
the last two years. Some of the topics covered by the lectures are: gauge-
fixing in Yang-Mills theory and ghosts, axial and light-cone gauges, analytic
regularization, techniques for integration in Euclidean and Minkowski spaces,
representation for two-point functions, separation of ultraviolet and infra-
red divergences, Ward identities, renormalization and asymptotic freedom.

4.12 Light-Cone Gauge in the Mandelstam Prescription

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

Our continued effort (PR-P-138:4.12 (AECL-8267)) has enabled us to demon-
strate that Yang-Mills theory in the light-cone gauge is renormalizable after
all. There are two elements in our demonstration:

(1) Instead of the principal value prescription

i_. U B —-£ (1)
q+ *0 <q+) + T,

used previously, the Mandelstam prescription (Nucl. Phys. B213(1983)189)

— - lim - (2)
q+ TV»O+ q+ + iT)q~

is used to define the left-hand side when q » 0, where the superscripts ±
denote projections of any vector along the two light-cone null vectors n~ »
(1,0,0,±l)//2 in Minkowski space with metric (1,-1,-1,-1); the light-cone
gauge is defined by the constraint

A+ = A/n+ - 0 . (3)

(ii) The Yang-Mills theory is reduced to an effective theory involving two
(instead of four)-component Yang-Mills fields A , i « 1 and 2, the two
light-cone components A- having been eliminated via (3) and the equation of
notion

oV - aV + (ôV^A1 * aV) . (4)
The second point is crucial. With only the Mandelstam prescription the
four-component theory is not manifestly renormalizable.
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Using and improving upon integration techniques developed previously (PR-P-
149:4.15 (AECL-8554)), we have completed a full study of the two-component
theory at the one loop level. A similar study of the four-component theory
is near completion. A short report of this work has been written and submit-
ted for publication.

4.13 Role of the Weyl Factor in Quantum Kaluza-Klein Theory

H.C. Lee with G. Kunstatter (Univ. of Toronto)

A basic problem in Kaluza-Klein taeories (PR-P-139:4.12 (AECL-8267)) is to
explain the dynamics of the contraction of the extra dimension(s). One
approach, pioneered by Appelquist and Chodos (Phys. Rev. Lett. 50(1983)141)
is to attribute the contraction to ouantum fluctuations. These authors
supported their conjecture by showing that, in the five-dimension (5-dim)
model, the quantum one-loop effective potential versus the size of the extra
dimension is attractive.

Without loss of generality, the metric for the (d+l)-dim space-time can be
written as

6AB (g + <J)2A A *A \

where the tensor field g v is the metric for the d-d im Minkowski space and
Au and $ are respectively vector and scalar fields. The factor <Sp is
known as the Weyl factor. Appelquist and Chodos studied the case where d = 4
(naturally) and s = -1/3.

A physical quantum effect should not depend, on the choice of the Weyl
factor. We have therefore re-examined the matter in a more general
framework, including re-computing the effective potential with arbitrary d
and s. After a lengthy computation we obtain

V°JJ"l00p(Ry) « (-)
1+d/2[(d+l)(d-2)/r(d/2+l) ]C'(-d)Ry

d1 (2)

where Ry is the effective radius of the extra dimension and Ç(z) is
Riemann's zeta function. The result gives an attractive potential for
integer d >_ 3 and does not depend on the Weyl exponent s, as desired.

A paper based on this study is being prepared for publication.

4.14 Bremsstrahlung and Co Ganyna-Ray Energy Utilization Efficiencies

M.A. Lone and F.U. Ahmed with P.Y. Wong (Mathematics and Computation
Branch, G.E. Lee-Whiting (Theoretical Physics Branch) and S. Douglas
(Reactor Physics Branch)

See PR-P-14O:3.31 (AECL-8648).
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4.15 Spectrometer Modifications for Neutrino-Mass Experiment

G.E. Lee-Whiting

A new mathematical model, which is much more realistic than those used earl-
ier (PR-P-137:4.13 (AECL-8106)), has been devised for the electric field sur-
rounding the electrified source. The source material is assumed to be dis-
tributed on a zero-thickness, charged, circular disc. The charge density on
the disc is written as a polynomial (in the Cartesian coordinates in the
plane of the disc) divided by a factor (r -r )^'^, where r is a distance
along the disc from its centre and ro is the disc radius. Such a charge
distribution produces a polynomial potential distribution on the disc. The
disc is then surrounded by a grounded, conducting shell in the form of a
semi—infinite cylinder. The disc lies near the conducting basal plane of the
shell, with its centre in or near the axis of the cylinder. In general the
angle between the disc normal and the cylinder axis will not be zero. The
problem of calculating the electric field is thus genuinely
three-dimensional. The new model is believed to be sufficiently realistic to
be useful for design purposes and at the same time sufficiently simple to
allow calculations to be performed.

The potential ard field for a disc at a general point in space has been
expressed in terms of elementary functions in a form suitable for numerical
calculation. The effect of the conducting basal plane of the shell is
treated by the method of images. Computer codes for second-order potentials
have been written and tested. An integral representation of the effect of
the charges on the curved portion of the shell has been derived by a Green's
function method; the result has been coded and is being tested.

The Monte Carlo line-shape program described in PR-P-139:4.17 (AECL-8554) has
been used in an attempt to understand the results of tests of the focusing
properties of the u/2 beta spectrometer (PR-P-139:2.3 (AECL-8554)). Compari-
son of measurement and calculation suggested that the angle between the
source and the detector was not as close to TI/2 radians as had been believed.
A tentative re-analysis of the test results was consistent with this sugges-
tion. The origin of the discrepancy is not yet understood.

4.16 Modification of SUPERFISH

M. Couture

The program has been modified so that the two Hertz's potentials themselves
are used as dependent variables; this allowed us to calculate the m = 0 mode,
and therefore to test the boundary equations independently. Imposing the
boundary conditions on the metal surface involves approximating a first and a
second order differential equation. Tests on an m = 0 case showed that our
approximation for the second order differential equation is poor. Obtaining
an accurate approximation of a second order derivative on a curved boundary
proves to be very difficult; we do not know of any method that could improve
the results significantly. Therefore the approach in which the electromagne-
tic fie'ds are expressed in terms of Hertz's potential in a Lorentz gauge has
been tentatively abandoned.
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Meanwhile, a new model is being explored. In the previous model (Lorentz
gauge) the electromagnetic fields were expressed in terms of two Hertz vec-
tors, both pointing in the Z-direction; in this new model (Coulomb gauge) the
fields are expressed in terms of the two components of a single Hertz vector
which is perpendicular to the Z-axis. A simple gauge transformation connects
the two models. The Coulomb gauge has two interesting aspects. The electric
field components are now expressed in terms of only first derivatives of the
dependent variables (the components of the Hertz vector), and therefore it
should be easier to approximate boundary conditions. Also, in the case of
m = 0 the model reduces to the one used in SUPERFISH. The new model will be
tested in the next few months.

A.17 Reports, Publications and Lectures

Reports

A NEW METHOD FOR THE REGULARIZATION OF A CLASS OF DIVERGENT FEYNMAN
INTEGRALS IN COVARIANT AND AXIAL GAUGES
H.C. Lee and M.S. Milgram
AECL-8261 (1984) 86 pp.

DETAILS OF THE GENERAL NUMERICAL SOLUTIONS OF THE FRIEDBERG-LEE SOLITON MODEL
FOR GROUND AND EXCITED STATES
Th. Koppel and M. Harvey
AECL-8440

Publications

ON THE REGULARIZATION OF A CLASS OF DIVERGENT FEYNMAN INTEGRALS IN COVARIANT
AND AXIAL GAUGES
H.C. Lee and M.S. Milgram
Ann. Phys. 157(1984)408

BOOK - AN INTRODUCTION TO KALUZA-KLEIN THEORIES
H.C. Lee (Editor) (World Scientific, Singapore, 1984) 320 pp.

SPONTANEOUS COMPACTIFICATION - A SHORT REVIEW
H.C. Lee, in "An Introduction to Kaluza-Klein Theories", ibid, pp.116-133

ABSORPTION FACTOR FOR CYLINDRICAL SAMPLES
V.F. Sears
J. Appl. Cryst. 17(1984)226

SCALING AND FINAL-STATE INTERACTIONS IN DEEP-INELASTIC NEUTRON SCATTERING
V.F. Sears
Phys. Rev. B30(1984)44

CONSEQUENCES OF A DESCRIPTION OF THE NUCLEON AND DELTA SPECTRA IN TERMS OF A
NON-RELATIVISTIC QUARK-POTENTIAL MODEL WITH OSCILLATOR VARIATIONAL STATES
M. Harvey and J. LeTourneux
Nucl. Phys. A424(1984)419
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NUCLEON-NUCLEON SCATTERING IN THE QUARK CLUSTER MODEL
M. Harvey, J. LeTourneux and B. Lorazo
Nucl. Phys. A424(1984)428

A STUDY OF NN PHASE-SHIFT CALCULATIONS IN A QUARK POTENTIAL MODEL
M. Harvey
Proceedings of Bonn Conference on "Quarks and Nuclear Structure", Bonn,
Germany 1984 (1983 June 13-16)

ROLE OF ONE-BODY TENSOR OPERATORS IN QUENCHING SPIN MATIX ELEMENTS
I.S. Towner
in 'Electromagnetic properties of atomic nuclei1, Proceedings of an Int.
Symp., 1983 November, ed. H. Horie and H. Ohnuma (Tokyo Institute of
Technology, Tokyo, Japan) pp.403-414

CORRECTIONS TO SUPERALLOWED FERMI p-DECAY AND THE DETERMINATION OF THE WEAK
VECTOR COUPLING CONSTANT
I.S. Towner and J.C. Hardy
in 'Proceedings of the 7th Int. Conf. on Atomic Masses and Fundamental
Constants', 1984 September, ed. 0. Klepper (Darmstadt, 1984) pp.564-571

FERMI ß-DECAY: AN EXPERIMENTAL SUMMARY
V.T. Koslowsky, E. Hagberg, J.C. Hardy, H. Schmeing, K.E. Azuma and
I.S. Towner, ibid, pp.572-579

Lectures

THE ENERGY PROBLEM: THE CANADIAN NUCLEAR OPTION
M. Harvey
Talks at seven High Schools in Nova Scotia, 1984 October 21-26

A CHIRAL MODEL FOR NUCLEON AND DELTA WITH QUANTUM PIONS
M. Harvey
Seminars at University of Maryland and Carnegie Mellon University,
1984 September 16-21

FERMI BETA DECAY AND THE WEAK VECTOR COUPLING CONSTANT
I.S. Towner
at 7th Int. Conf. on Atomic Masses and Fundamental Constants,
Darmstadt-Seeheim, 1984 September 03-07

HINDRANCE FACTORS IN FAVOURED GAMOW-TELLER TRANSITIONS
I.S. Towner
at Int. Symp. on Nuclear Shell Models, Drexel University, Philadelphia, 1984
October 31 - November 03

TABLES OF DIVERGENT FEYNMAN INTEGRALS IN THE AXIAL AND LIGHT-CONE GAUGES
M.S. Milgram and H.C. Lee
at XXII Int. Conf. on High Energy Physics, Leipzig, 1984 July 19-25
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(1) On contract to Mathematics and Computation Branch, 1984 July 1 to 1985
March 31.

(2) Temporary replacement for J. Mackie (see item 4 below); terminated
1984 August 15.

(3) Junior Summer Student, terminated 1984 August 31.

(4) Nee Livingston, married 1984 December 22.

(5) On extended sick leave and maternity leave from 1984 January 20 to
1984 October 23. Terminated effective October 23.

(6) Joined Branch 1984 November 5; transferred from General Services Division.

(7) Junior Summer Student, terminated 1984 August 24.

(8) Joined Branch 1984 September 12; transferred from General Services
Division.
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(11) Waterloo University Co-op Student, terminated 1984 August 31.
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(13) Waterloo Univeristy Co-op Student, joined Branch 1984 September 10;
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(14) New employee, joined Branch 1984 September 27.

(15) Reclassified from 'regular part-time1 to 'full-time, short term* for the
period 1984 October 18 to 1985 April 12 (see item 11 above).

(16) Joined Branch 1984 October 9; transferred from Environmental Research
Branch.

(17) National Summer Student, terminated 1984 August 31.
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5.2 CDC 6600/CYBER 175 System Extended Memory

B.B. Ostrom

One million words of Extended Semiconductor Memory (ESM) has been added to the
CYBER 175. The half-million words of Extended Core Storage (ECS) formerly
shared by the CDC 6600 and CYBER 170/Model 175 is now used solely by the 6600.
In addition to more than doubling the extended memory available to programs, ESM
operates at CYBER 175 memory speeds, thus reducing the execution time of
extended memory programs on the 175.

5.3 CYBER 720 System

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

During the last half of 1984, the CYBER 720 system hardware was upgraded:
memory was increased to 262 K 60-bit words from 131 K; a second Central
Processing Unit (CPU) was installed; and the disc subsystem was augmented by the
addition of a third disc controller and a dual-density disc drive. Another
drive is on order and will be installed early in 1985.

In addition to the improved performance gained by the hardware upgrades, the NOS
1.4 system software was tuned (software modules moved from disc to central
memory) to match the new configuration.

5.4 Subroutine Libraries

5.4.1 IMSL

L.S. Yamazaki

Edition 9.1 of the International Mathematical and Statistical Library (IMSL) for
both FORTRAN Version 4 and FORTRAN Version 5 have been tested and installed both
on the 6600/175 and on the CYBER 72O's at CRNL and Sheridan Park.

5.4.2 AELIB Modification

L.S. Yamazaki

An error in the memory management routine CHNGEX has been corrected in the
FORTRAN 4 and FORTRAN 5 libraries on the 6600/175 and the CYBER 720 systems.

5.4.3 AELIB/AELIB5 New Routines

L.S. Yamazaki

Two new engineering functions for the calculation of the latent heat of vapori-
zation of light water - HFGLWP (as a function of pressure) and HFGLWT (as a
function of temperature) - have been added to AELIB for FORTRAN 5 on both the
NOS and NOS/BE operating systems.
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5.A.4 AELIB - Weighted Least Squares Software

J.M. Blair, L.E. Evans and L.S. Yamazaki

A number of AELIB routines for weighted least squares computations have the
requirement that Wi=l/sj , where w^ is the weight and s^ is an
estimate of the error variance of the i-th data value; other routines have the
less stringent requirement that w^°=l/sj^. The latter assumption is more
useful in practice and is the one commonly used in statistical software packages
(e.g., BMDP). An investigation is underway to determine which of the routines
requiring Wj^l/s^ can be deleted and which can be modified to accept the
second requirement.

5.4.5 POLSAW

L.S. Yamazaki

An error in POLSAW, a collection of routines for the calculation of the thermo-
dynamic properties of light water and steam, has been identified and corrected.
All branches of the code are currently undergoing extensive testing before
upgrading the program and tests to FORTRAN 5.

5.5 Programming Languages and Utilities

5.5.1 BASIS Information Retrieval System

C.J. Tanner

BASIS was installed on NOS/BE on the 6600/175 during this period. BASIS has
been operating on NOS on the CYBER 720 for over eighteen months now and has
proven very successful, supporting more than ten applications throughout CRNL.
The new NOS/BE version makes possible the use of the faster computers for very
large updates or report-generating runs.

5.5.2 Scientific Information Retrieval (SIR) Query Access

C.J. Tanner

An end-user query module, SIR/SQL+, was installed on NOS recently. This product
is based on the popular SQL query language from IBM and provides easy access to
data in a SIR database to produce simple reports and statistics tables. This
product will add to the usefulness of the SIR system as an excellent means of
storing and processing experimental or statistical data.

5.6 Graphics

5.6.1 Nicolet Zeta Plotter

B.B. Ostrom

The Nicolet Zeta plotter was installed and placed in operation, phasing out the
fifteen-year-old Calcomp plotters that were supported by the CDC 3300. The new
plotter runs many times faster than the Calcomp plotters, has the ability to
provide higher quality coloured plots, and supports the multi-pen feature.
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5.6.2 Software for the Nicolet Zeta Plotter

G.S. McQuade

The NOS/BE translator program to convert AELIB plot files to Nicolet Zeta plot
files was completed and put into production in August. For the first six weeks
of operation, plots were produced on both the Calcorap plotters and the Nicolet
Zeta plotter, thus helping to identify and eliminate miscellaneous subtle
problems with the translator. Since the end of October only the Nicolet Zeta
has been used for plotting.

The automated spooler/controller program has been implemented on the NOS
system. It is as complete as possible on the NOS 1.4 system. The queue access
can be improved on NOS 2.3 which will give the operators better control over
file priority and the order of plotting.

5.6.3 General Graphics Support

G.S. McQuade

The plot file previewing program FPLOT is nearly complete. The program will
replace the use of FPRINT for previewing plot files on NOS.

5.7 Communications

5.7.1 PACX Upgrade

E.A. Okazaki, B.B. Ostrom and J.F. Steljes

The Gandalf Private Automatic Computer exchange (PACX) II, installed in 1976,
was replaced by a PACX-IV, which allows users to queue for ports, provides
informative messages to the terminal users, provides the ability to subdivide
ports by port speed, restricts access to selected ports via passwords, and
allows terminal-to-terminal connections.

5.7.2 WNRE Statistical Multiplexor

P. McGandy, E.A. Okazaki and B.B. Ostrom

The synchronous link between CRNL and WNRE was upgraded from 4800 to 9600 baud.
The DCA statistical multiplexors, purchased by WNRE, have been installed on this
link providing, in addition to the synchronous connection between the VAX 780
at WNRE and the CYBER 720 at CRNL, five asynchronous paths. Four of the five
asynchronous links originate in the WNRE Computing Centre PACX-IV, thereby
allowing WNRE staff to access the CRNL CYBER systems via the DCA statistical
multiplexor or Datapac; the fifth asynchronous link allows CRNL users, via the
CRNL PACX-IV, to access the WNRE VAX system.

5.7.3 Local Multiplexors

D. McPherson, E.A. Okazaki

The Gandalf packet assembler/disassembler (PAD) installed in Bldg. 375 has been
expanded to support up to sixteen interactive terminals. A similar sixteen-
channel PAD has been installed in Bldg. 145. A four-port Gandalf "Line Miser"
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multiplexor has been installed in Bldg. 227 to overcome the unavailability of
additional data circuits into that building. Four more "Line Misers" have been
acquired to meet new terminal requirements in other areas of CRNL, and will be
installed during the first quarter of 1985.

5.7.4 Intersite Data Communications

D. McPherson

Following discussions between WNRE and CRNL Computing Centre staffs in 1983,
WNRE promoted a series of three meetings amongst people concerned with data
communications at all AECL sites. Two of these meetings have now been held.
The first was primarily an exchange of information covering current operations,
future plans and existing and foreseen problems. At the second meeting, repre-
sentatives of GTA, Telecom Canada and CNCP Telecommunications presented
overviews of facilities and services offered by their organizations. (A later
presentation by Telecom Canada gave a preview of as yet unannounced office
information services to be supported by their SL-1 EPABX.) The third meeting,
scheduled for the spring of 1985, will endeavour to prepare a comprehensive
picture, for AECL management, of the uses, importance and costs of intersite
data communications, and suggest a framework for future collaborative develop-
ments at the various sites. The Computing Centre has organized and is
administering a trial of Telecom Canada's ENVOY 100 electronic messaging service
for the participants of these meetings. The objectives of the trial are
familiarization with the capabilities of ENVOY-type services, evaluation of the
potential role of such a service for AECL and exchange of information amongst
the participants.

5.8 Nuclear Physics Computer Systems

5.8.1 Perkin-Elmer Data Acquisition System

R. Roiha and M.A. Thompson

The following hardware was added to the system:

1. A second 800/1600 BPI tape drive.

2. An additional two megabytes of memory.

3. A remote diagnostic modem and associated hardware.

4. The locally-designed data scanner using the first twelve input
data channels.

Locally-written software to handle the data scanner was installed and is being
tested.

The data acquisition and analysis software is being modified to customize it for
the local hardware configuration. Additional software has been written to
provide a better user interface to the system. Documentation for the software
modifications is being prepared.
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5.8.2 Safety Interlock System

R. Roiha

The Safety Interlock System has been tested under controlled conditions and
found to function correctly. It has also been inspected and passed by the AECB
Licensing Review Board. Software development is underway in the following
areas: ease-of-use modifications, fire alarm interlock testing, and oxygen
interlock testing.

5.8.3 Data Acquisition

G.C. Ball, E. Hagberg and F.J. Sharp (Nuclear Physics Branch), with
R. Roiha and M. Thompson

See PR-P-140: 2.34; AECL-8648.

5.9 Microprocessor System Support

5.9.1 Environmental Research Z80

G.S. McQuade

The data logging system used by the Environmental Research Branch was updated
to provide the new log on procedures required by the PACX IV that was i.. stalled
in August.

5.9.2 280 Cross-Assembler

E.G. Long

A cross-assembler for the Z80 microprocessor has been purchased from Microtec
Research Inc., and installed on NOS and NOS/BE. It is in the final stages of
testing. Included in this package are:

1. A Relocatable Macro Assembler that produces either relocatable
object modules for processing by the LiiiK-ing Loader or an absolute
object module.

2. A Linking Loader which can comblets several independently assembled
relocatable object modules into a single absolute object module.

3. An Object Module Librarian that is used to maintain a Program
Library which is a collection of relocatable object modules
residing on a single file.

A document that summarizes the contents of the reference Trjnuals has been

prepared.



5-11

5.10 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 Blowdown Test Facility normal rate data collection system consists of an
LSI-11/23 control computer running an RT11 operating system, a CANBERRA-S90 MCA,
and a Z80 spectrometer positioning computer. The normal rate collection system
will accumulate data from three spectrometers that require movement and one that
is stationary.

DARTS, a software design method for real-time systems described in
Communications of the ACM, September 1984, Volume 27 Number 9, is being used to
design data collection software. Beginning with the requirements specification,
the system state transition, data-flow analysis, task definition and task commu-
nications have been defined. The final phase of DARTS, task design and software
coding, is now underway.

Since the X2-GAMMA Spectroscopy replacement monitoring system referred to in
PR-P-139: 5.13; AECL-8554, was based on an LSI-11/23 running an RT11
operating system and a CANBERRA-S90 MCA controlling data collection from
stationary spectrometers, software from this system will be incorporated in the
normal rate collection system of the Blowdown Test Facility.

b.

5.

11

11.1

Stress Analysis Programs

MARC -- Applications

S. Baset

At the request of M. Karima of CANDU Operations, two finite element models using
the MARC program have been prepared. The first model was used to estimate the
buckling strength of both Darlington 'A' and Pickering 'A' calandria tubes from
wear at garter spring locations. The second model was used to estimate the
burst pressure strength of calandria tubes under internal pressure from failure
of pressure tubes. In both models, MARC capabilities in the areas of large
displacement, large strain and plasticity proved to be quite accurate. However,
some suspected errors were observed in the area of anistropic plasticity which
were reported to MARC Analysis Research Corporation for further investigation.

At the request of M. Tayal of CANDU Operations, a finite element model composed
of MARC beam and gap elements was proposed to predict the deformation behaviour
of fuel elements under various conditions of loading, boundary conditions and
temperature gradients. The model is currently used to check results obtained by
other special purpose programs developed by M. Tayal. MARC results are quite
acceptable and the model can be easily utilized to investigate other conditions
that are not easily possible with the special purpose programs. It remains to
demonstrate that the cracking of pellets under tensile strains can be easily and
economically modelled with MARC.
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5.11.2 STARDYNE

S. Baset and G.A. Petrovich

Preliminary testing has shown that serious problems exist in the new versions of
STARDYNE received during the second half of 1984. Systems Development
Corporation, the vendor of STARDYNE, is investigating the errors.

5.11.3 MENTAT

S. Baset and G.A. Petrovich

The interactive graphics program, MENTAT, has been installed on the NOS system.
It requires at least 270 K words (octal) of central processor memory. The
response time seems slow because of excessive swapping between central memory
and disc. Based on limited testing, it seems that the program meets most of the
graphics requirements of finite element modelling. More testing in the first
half of 1985 is planned to find ways of improving the performance of MENTAT on
NOS.

5.12 Gas Release from UO2 Fuel Grains

D.B. Duncan

A new technique for the solution of the equations describing the release of
fission products from irradiated UO2 fuel grains during temperature transients
has been developed. The problem involves diffusion and radioactive decay of the
fission products and is solved by analytically splitting the region into
interior and surface-boundary-layer components and approximating both components
by numerical methods. The thickness of the boundary-layer varies with
temperature and this variation is followed by means of moving finite elements.
The method can be used for decay chains of any length and complexity and can
easily be used in slab, cylindrical and spherical geometries.

A computer code (SIRE), based on this numerical approximation technique, has
been written to predict the fission product generation and release from
spherical fuel grains. It is intended to incorporate the SIRE code in the
larger ELESIM and ELOCA codes.

This work was carried out at the request of the Fuel Engineering Branch in
collaboration with Fernando Iglesias of that branch and will continue in 1985.

5.13 Computer Simulation of ultrasonic Testing

D.B. Duncan

A new numerical scheme was devised to improve the efficiency of the computer
model of ultrasonic waves in metals. This new scheme combines the previously
reported modification (see PR-P-139: 5.18; AECL-8554) with a new numerical
approximation scheme to give a four-fold increase in efficiency over the
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original version of the code. The increase in efficiency and the addition of
Extended Semiconductor Memory to the computer system will allow much larger and
more detailed problems to be tackled.

The model was used to predict the reflected energy from a crack at various
angles of incidence as part of a commercial contract undertaken by the NDT
Development branch for NOVA.

5.14 Modelling of Ultrasonic Waves by Modal Superposition

J.M. Blair and F.K. Skinner

Existing methods of modelling ultrasonic waves, based on finite difference/
finite element techniques, are limited in accuracy by the limitations imposed by
the finite size of computer memories. The classical method of modal super-
position is being investigated to determine if it is competitive with the purely
numerical schemes for problems of practical interest and to provide independent
numerical results.

A two-dimensional model problem, consisting of a rectangular block with stress-
free boundaries and loaded impulsively on one edge, is being studied. We have
computed the lowest 350 normal modes, using a method based on truncated Fourier
series expansions. Since the computational effort and the computational error
increase as the eigenvalue increases, and since practical problems involve high
frequency loading, asymptotic methods of solution are being sought. A method
due to V.V. Bolotin (PMM, Volume 25, No. 1, 1961, pp 155-158) has been applied
to the model problem, but provides only about 20% of the elgenfunction set.

The work is continuing.

5.15 Interpretation of Pulsed Photoacoustic Experiments

W.N. Selander

Pulsed photoacoustic experiments in gases have been analysed using a diagnostic
CW laser beam which is deflected by changes in refractive index caused by the
density wave travelling through the gas at the speed of sound (S.L. Chin,
U. Laval, private communication). This allows a more direct interpretation of
the observed pulse than by the microphone method (S.L. Chin, D.K. Evans,
R.D. McAlpine and W.N. Selander, Applied Optics, Vol. 21 (1982), p 65). A
relation between the observed laser deflection and the density wave profile has
been formulated using the variational principle for geometrical optics. For the
experiments of current interest, the small-signal approximation appears to be
adequate for computing the deflection, which is proportional to the local
transverse derivative of the refractive index and the square of the beam
length. The density wave can be time-resolved by integrating the observed
deflection pulse«
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5.16 Thermal Analyses for Ll/T Capsule Designs

P.Y. Wong, with R.A. Verrall (Fuel Materials Branch)

One objective of the lithium/tritium (Li/T) sweep gas capsule experiment, now
planned for 1985 summer in the NRU reactor, is to study the tritium behaviour
inside the capsule which will be operating at temperatures ranging from 300°C to
1000°C.

Thermal analyses for Li/T capsule designs were performed with the heat transfer
code TRUMP. Effects of such parameters as the thicknesses of the lithium
ceramic and the gap gas regions, structural materials and gap gas composition,
gamma-ray heating, method of cooling, were explored. Our results indicated that
the temperature distribution in the ceramic region is reasonably flat and that
good temperature control can be achieved if a mixture of helium and argon is
used as gap gas.

5.17 Shielding and Radiation Calculations

5.17.1 Radiation Field Surrounding a Radioactive Waste Drum

P.Y. Wong with V.T. Le (System Materials Branch)

Bitumenized waste products in 200-litre drumc will be produced by the CRNL Waste
Treatment Center when it becomes fully operational. The radiation field
surrounding each waste drum, and the shielding required, will depend on the
composition and source strength of the isotopes in the bitumen.

The fields surrounding a waste drum containing an isotope of one curie strength
have been calculated using the Monte Carlo code, MORSE. Three drum
configurations were considered: (a) a drum with no shielding; (b) a drum
surrounded by 10 cm concrete; and, (c) a drum surrounded by 20 cm concrete.
The isotopes considered in the calculations were: Co-60, Zr-95, Ru-103, Cs-134,
Cs-137, Ce-141 and Ce-144.

The following table shows a sample result of the radiation fields from a drum
containing 0.321 Ci Co-60, 0.058 Ci Zr-95, 0.26 Ci Ru-103, 0.721 Ci Cs-134,
2.93 Ci Cs-137, 0.005 Ci Ce-141 and 2.56 Ci Ce-144. The results indicate that,
in the absence of shielding, the radiation in the top direction is considerably
stronger than in the side direction.

'Radiation (rads/h) by Location*

Drum
Configuration

No Shielding
10 cm Concrete
20 cm Concrete

0-cm

4.36
0.61
0.11

30-cm

1.25
0.24
0.05

100-cm

0.32
0.07
0.02

0-cm

15.70
1.12
0.14

30-cm

2.93
0.53
0.09

100-cm

0.46
0.13
0.03

*Locations are measured from the concrete wall, or from the drum wall
if there is no shielding.
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5.17.2 Modification of the SANDYL Code for the Calculation of
High Resolution Three-Dimensional Radiation Dose Distribution

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

Energy depositions in the SANDYL code are tracked by zone. The spatial resolu-
tion for radiation dose distribution Is thus determined by the fineness of the
zoning one is able to set up for the calculation. Due to the limitation on the
number of zones allowed, it is often necessary to repeat the Monte Carlo calcu-
lations with more zones centering on the regions of interest when better spatial
resolutions are needed. Our recent experience with three-dimensional isodose
calculations suggested that for high resolution many such calculations are
required, especially in regions where the doses are varying rapidly. These
calculations are not only expensive and time-consuming, but are also difficult
to set up when a large number of zones is involved.

The dose calculations can be considerably simplified if energy depositions are
not recorded by zones. Accordingly, the following modifications for dose calcu-
lations have been made: (a) energy deposition at each collision site is
properly identified and stored; (b) a collision tape which can be processed
separately for dose calculationsis produced. A computer program to read the
collision tape and calculate the dose at a spatial resolution specified by the
users has been written. These modifiications have been successfully implemented
and tested. Experience so far with the new modifications is very satisfactory.
Not only can the dose be readily calculated to a high degree of resolution; the
SANDYL calculation can also be set up very easily as one no longer needs to
specify a large number of zone connections which would otherwise be required.

5.17.3 Neutron and Gamma-Ray Leakages Out of

A Cylindrical Shield Assembly of Lead and Water

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

The neutron and gamma-ray leakages out of a cylindrical shield assembly designed
for a modified version of a SLOWPOKE-3 reactor were calculated using both the
Monte Carlo code MORSE and the one-dimensional discrete ordinate code ANISN.
The shield assembly considered in the MORSE calculations was cylindrical but in
the ANISN calculations the assembly was approximated by a spherical system
approximately 3.05 m in diameter. Both calculations were made using a 38-group
coupled neutron-photon cross-section library. The dose requirement at the
shield boundary, both for neutrons and gamma-rays, is not to exceed 10 mrem/h.

The Monte Carlo calculations indicated that an excessive amount of computer time
would be needed if it were to produce results at the shield boundary that are
statistically acceptable; however, other results at locations where good
statistics were available agreed well with estimates from analytical approxi-
mations. The ANISN calculations showed that the neutron dose rate is
approximately 21 mrem/h and could be reduced to 2 mrem/h if an extra 30 cm layer
of water is added to the shield. The ANISN calculations also showed that the
gamma-ray dose rate is very high, approximately 715 rads/h at the shield
boundary and can only be reduced to 475 rads/h if an additional 30 cm layer of
water is added to the shield. The gamma-ray dose rate at the shield boundary
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was mainly caused by gamma rays produced at the lead and water regions via the
(n,y) interaction. These results suggest that if the gamma-ray dose rate at the
boundary is to meet the shielding requirement, a neutron-absorbing material such
as boron must be added to the shield.

5.17.4 Radiation Dose Calculation Program

G.A. Petrovich

An interactive program has been written for the Environmental Research Branch to
calculate radiation doses received by the public from radioactive releases into
the air and/or surface water. The program is based on the Draft CSA Standard
N288.1, "Guidelines for Calculating Derived Release Limits for Radioactive
Material In Airborne and Liquid Effluents for Normal Operation of Nuclear
Facilities". Minor additions and the creation of a 'help' file are all that
remain to complete the project.

5.17.5 Electron Dose Distribution in Large Media From Extended Sources

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

See PR-P-140: 3.32; AECL-8648.

5.17.6 Bremsstrahlung and
Gamma-Ray Energy Utilization Efficiencies

M.A. Lone, F.V. Ahmed (Neutron and Solid State Physics, with
P.Y. Wong, G.E. Lee-Whiting (Theoretical Physics Branch), and
S. Douglas (Reactor Physics Branch)

See PR-P-140: 3.31; AECL-8648.

5.18 Heat Transfer and Fluid Flow Service Programs

5.18.1 HTFS/PPDS

G.A. Petrovich

New versions of five HTFS codes were installed: ACOL 4.1, DYML 1.1, WIFE 2.0,
TASC 2.11, and TUFC 2.0. Four User Guide modifications were implemented and a
user subroutine option was incorporated into ACOL 4.1.

Twenty-one magnetic tapes containing HTFS codes were prepared and distributed.

At the request of P. Kiameh of Thermalhydraulics Development Branch (formerly
Advance Engineering Branch), assistance was provided in accessing PPDS data
points for the creation of interpolation tables. Modifications were made to
PPDS data retrieval routines to greatly increase 10 efficiency for his
application.
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5.18.2 Conversion of the HTFS OPTU3 Code to Use the CALCOMP Routines

G-N. Williams

The 0PTU3 code, originally written in the U.K., was modified to allow selection
of graphical output using the CALCOMP routines, a set of graphical subroutines
in common use in North America. These routines are the ones that will normally
be selected by North American HTFS customers.

5.19 Studies on Heated Plumes

P.J. Barry, D.P. Wildsraith (Environmental Research Branch), with
W.N. Selander and V.R. Ruddock.

See PR-HS-18: 3.3.1; AECL-8647

5.20 Information Handling Programs

5.20.1 Central Personnel Records System (CPRS)

C.J. Tanner and M.A. terHuurne

The number of fields in the terminated employee file was expanded to satisfy
requests from the Radiation and Industrial Safety Branch, CRNL Employment Office
and Corporate Personnel Office. Both the disc and tape versions of the file
were modified and necessary changes were made to the programs accessing them.

A data dictionary for CPRS is nearing completion. The code expansion file has
been modified to include definitions of the fields that are found in the various
files that make up the CPRS system. Programs have been provided to update this
information about a field (including code expansion tables) and to list
information about a field both interactively and in batch mode to produce a hard
copy data dictionary. This system will also provide help information for the
various programs that are used to update data in the CRPS system.

5.20.2 AECL Applicants Data Retrieval System

M.A. terHuurne

An existing Applicants Data Retrieval System, using FORTRAN 5 and Query Update
programs was replaced by an interactive system using a COBOL 5 program running
on NOS and Query Update on NOS/BE. The COBOL 5 program adds, modifies and/or
deletes information on the applicant file and then sends it to NOS/BE where
Query Update can be used to produce reports from the file.

This greatly improves the user interface to the system. Currently the system is
in use at CRNL only.
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5.20.3 Manpower Schedule

M.T. Miller

The Manpower Scheduling System (see PR-P-139: 5.9.3; AECL-8554) has been
completed. CYBER Control Language (CCL) procedures have been set up to
facilitate the task of entering and editing data, and creating reports. A new
version of the report by employee has been written. A draft copy of the
documentation is now available.

5.20.4 Supplier's Data Entry System

V.R. Ruddock

A data entry program has been written for the Design and Technical Service
Branch to replace the current punched-card system. This program was written in
FORTRAN 5, using the MMIK interactive routines. The procedure used for running
the program was set up in a procedure file (PROCFIL) and is accessed by a
one—line command.

The COBOL program used to set up the data in an indexed-sequential file will be
rewritten early in the new year.

5.20.5 SDTIME

M.T. Miller

The SDTIME system (see PR-P-138: 5.20.5; AECL-8267) is now complete. COBOL 5
programs have been written to create requested reports and CYBER Control
Language (CCL) procedures have been set up to submit required programs. A draft
copy of the documentation is now available.

5.20.6 NMC Data Entry System

V.R. Ruddock

A collection of data entry programs is being written for the Nuclear Materials
Control Branch to replace the existing punched-card-based system (see PR-P-139:
5.9.3; AECL-8554). The procedures used by the users to run these programs are
stored in a procedure file (PROCFIL), and the users then type a single command
to access the procedures. A user's guide has also been written to document the
system.

A total of four programs has been completed.

5.20.7 Mortality Database

L.S. Yatnazaki

Data input to the mortality database for Radiation Biology Branch is nearing
completion. Data has been input using both the SIR Editor and SIR FORMS Screen
Editor. SIR process retrievals are being developed to manipulate the data as
well as data records and to perform calculations of total lifetime dosages in
preparation for the use of the SPSS package.
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5.21 Miscellaneous Programs and Subroutines

5.21.1 Permanent Files to Multifile Magnetic Tapes

L.S. Yamazaki

Assistance was given to the Environmental Research Branch in preparing a proce-
dure to write data files residing on permanent files to multifile magnetic tapes
with appropriate labelling of data files.

5..21.2 Channeling Calculations of Relativistic Particles in Si and Ge

J.S. Forster (Solid State Science Branch) with K.D. Clark

See PR-CMa-67: 1.5.2; AECL-8704.

5.22 Operations

5.22.1 usage Statistics and Accounting for CYBER 720

D. McPherson

Programs have been developed to analyze the CYBER 720 system log, generate
reports of resources, and prepare summaries by charge number and user. Two
operating system changes are required before these data can be compared fairly
with corresponding usage reports from the 6600/175 systems and from comparable
service bureaux: the weights assigned to the various execution time resources
and the mechanism to identify owners of permanent files by both charge number
and user identification is required. These changes are planned for the first
quarter of 1985.
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5.22.2 Computer Use by Division

The following table Is an analysis of the jobs processed during the second half
of 1984:

No. of Jobs
Utilization
System Seconds

(X)

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

3776
805
361

18471
9721
162

46927
1830
1210
11525
5043
15061

871

42322
21122
2419
4849
7769

0
340

2438
7273
426
266
149
393

1
0
0
8

.84

.39

.18

.99
4.73
0

22
0.
0.
5.
2,
7,

0.

20.
10.
1.
2.
3.
0.
0.
1.
3.
0.
0.
0.
0.

.08

.83

.89

.59

.61

.45

.33

.42

,59
28
18
36
78
.00
17
19
54
21
13
07
19

205529

106248
7277
1888

395449
873440

2340

943361
68009
38909
218638
181529
751289

134355

2154490
551906
40730
109630
383653

0
11214
36064
153763
4814
6300
1072

27732

7204101

1
0
0
5
12
0

13
0
0
3
2
10,

1,

29.
7.
0.
1.
5.
0.
0.
0.
2.
0.
0.
0.
0.

.47

.10

.03

.49

.12

.03

.09

.94

.54

.03

.52

.43

.86

.91

.66

.57

.52

.33

.00

.16
50
13
07
09
01
38
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5.23 Reports, Publications and Lectures

Reports

AECL-8572, GPSS MODEL OF A REMOTE FUEL FABRICATION FACILITY
J.M. Blair
1984 September

Publications

COMPUTING CENTRE NEWSLETTER, Vol. 11, Nos. 7 through 12
Edited by E.A. Okazaki

VERIFICATION OF THE FROM MODEL FOR ZIRCALOY OXIDATION DURING HIGH TEMPERATÜRE
TRANSIENTS
F.C. Iglesias, D.B. Duncan, S. Sagat and H.E. Sills
Symposium on Thermodydnamics of Nuclear Materials, Hamilton, Ontario, 1984
August 13-17

COMPUTER SIMULATION OF ULTRASONIC TESTING
D.B. Duncan
Proceedings of the Fifth Canadian Conference on Nondestructive Testing, Toronto,
Ontario, 1984 October 28-31

BREMSSTRAHLUNG AND PHOTONEUTRON YIELDS FROM 5 TO 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
Paper presented at the Eighth Conference on the Application of Accelerators in
Researach and Industry, Denton, Texas, 1984 November 12-14

STATUS OF INTERNATIONAL WORKING GROUPS ON TOPICS COMMON TO PROGRAMMING LANGUAGE
STANDARDIZATION
C.J. Tanner
CSA Committee on Programming Languages, Ottawa, Ontario, 1984 September 18

STATUS OF WG16 - GUIDELINES FOR STANDARDS WITHIN SC5
C.J. Tanner
CSA Committee on Programming Languages, Ottawa, Ontario, 1984 December 4

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
Unpublished report, available from Atomic Energy of Canada Limited, Chalk River,
Ontario, KOJ 1J0

MCTD-26, FILESET - A NOS FILE MANAGEMENT PACKAGE
G.N. Williams and M. Shaarani
Unpublished report, available from Atomic Energy of Canada Limited, Chalk River,
Ontario, KOJ 1J0
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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
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6.1 Staff

BRANCH HEAD: J.H. Ormrod

Professional Staff

c
J

K.C
B
M
L
F
J

C.R
J
R.
J.-

G
H.
S.
M.

.B.

.C.

.D.

.0.
• S.

.w.

.A.

.D.

.J.

.A.

.M.
-P.
J.
.E.
.R.
.0.
,R.
T.
J.

, Bigham
Brown

. Chan
Chidley
de Jong
Funk
Heighway
Hepburn (1)
Hoffmann
Hulhert
Hutcheon
Labrie
McKeown
McMichael
Schneider (2)
Schriber (3)
Shubaly
Tran Ngoc
Ungrin (4)

Mechanical Laboratory

J.
R.
0.

R.
J.

.R.
J.
G.
D.
J.
F.

Anderchek
Bakewell
Hewitt
Jackson (5)
Kelly
Weaver

Attached Staff

R.
R.

Gagnon (6)
Hölzle (7ï

Visiting Scientist

Technical Staff

R.T
L
R
H
n
R
M
J
R
J
W
R
J
J
L.
R

.F.

.F.

.J.

.F.
• W.
„W.
.A.
.C.
.G.
.E.
.L.
• E.
.F.
.G.
.W.
.A.

Bird
Birney
Burton
Campbell
Clements
Davis
Derewianko
Jones
Maggs
McGregor
Michel
Milks
Mouris
Plato
Shankland
Vokes

Laboratory Services

K,,T.
T.

McKee
Hoffman

Secretarial Staff

M.A. Trecartin

Waterloo Student

N.W. Melcher

Concordia Student

H.

Summer

Vallee

Students

(10)

(11)

(12)

M.

N.

F.
N.
E.

Coulas
Rowlands
Gray

(13)
(14)
(15)

N.J. niserens (8)
H. Euteneuer (9)

(1) Attached half time from the Office of the Director of Research.
(2) Resigned 1984 October 25.
(3) Resigned 1984 September 14.
(4) Returned from posting to GST, Darmstadt, West Germany,

1984 September 01.
(5) Transferred from WE&P effective 1984 September 04.
(6) Attached Staff from CEGEP de la Pocatiere, resigned 1984 July 26.
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(7) Attached Staff from Kernforschungsanlage Jülich, FRG, Germany,
arrived 1984 August 07, resigned 1984 September 07.

(8) Visiting Scientist from Rutherford and Appleton Laboratories,
Oxfordshire, England, resigned 1984 September 27.

(9) Visiting Scientist from University of Mainz, West Germany,
arrived 1984 July 06, resigned 1984 September 07.

(10) Transferred from Mechanical Services effective 1984 August 01.
(11) Resigned 1984 August 31.
(12) Transferred from Nuclear Physics Branch effective 1984

September 04, resigned 1984 December 21.
(13) Resigned 1984 August 10.
(14) Resigned 1984 August 28.
(15) Resigned 1984 August 24.
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6.2 Research Applications and Generic Studies

6.2.1 Heavy-Ion Superconducting Cyclotron

J.H. Ormrod and J.A. Hulbert

The superconducting cyclotron is nearing readiness for the first injected
beam from the CRNL MP tandem particle accelerator. The extraction channel has
been completed, operated In a specially designed test cryostat and installed
in the mid-plane of the main magnet cryostat. The main magnet cryostat has
been moved to the cyclotron vault where it is being prepared for insertion
into the magnet yoke. Initial tests of the low-energy buncher and the high-
energy buncher, with beam, have been carried out.

6.2.1.1 Cryogenics

6.2.1.1.1 Cryogenic System

J.A. Hulbert, L.F. Birney, H. Vallée, H.R. Schneider,
D.W. Clements with L.W. Thomson, K.A. Dobbs, R. Lalonde (TASCC
Operations)

Operation of the CTI 1A00 helium liquéfier continued until mid-September in
support of the extraction channel tests. The circulating compressors were
then removed for installation In Building 137 to supply helium to the Koch
2800 HR liquéfier.

The high pressure helium storage racks, the gas holder for collecting overflow
gas and No. 2 high pressure compressor have been moved to Building 137 and
their installation is about 90% complete. The overhaul of No. 1 high pressure
compressor in Mechanical Services Branch has had a low priority during the
report period but is now proceeding.

The move of the 1400 liquéfier, storage dewar and recovery tanks has been
delayed because they are not essential to commissioning the cyclotron and
because of space limitations in Room 209. Continuing difficulties with design
and manufacturing defects in the compressor selector valves have also tended
to delay the move. It appears that for reliability, better valves will have
to be purchased from another supplier.

A minor modification to the temperature monitoring connectors on the main
refrigerator transfer lines has improved accessibility and the thermometer
wiring has been completed and tested. In designing the support brackets for
the transfer lines it was found that the D extension line had been made longer
than specified and that the ceiling height in Room 209 would not accommodate
the excess length. This line has been shortened to the correct length.

The design of a computer-controlled lead gas flow system for the super-
conducting magnet elements in the main cryostat has been completed. The
mechanical parts of this system have been fabricated, leak tested and
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Installed and all necessary electronic components have been obtained. Wiring
design Is proceeding with the assistance of Plant Design.

Work on the satellite computer control has continued In those areas where the
probe and cryogenic controls overlap, in support of the probe system develop-
ment. Some difficulties have been encountered in getting one of the two
LS-11/23 crate controllers and both of the two-port random access memories to
operate on the computer bus. These units will have to be returned to the
manufacturer for test and modification.

6.2.1.1.2 Main Magnet Cryostat Modifications

J.A Hulbert, L.F. Birney, R.E. Milks, H. Vallée with K.A. Dobbs
and R. Lalonde (TASCC Operations).

Following the completion of the extraction channel tests in the test cryostat
the welded lead enclosure was ground open, the current and monitoring leads
disconnected and the channel Installed in the main cryostat midplane. As
expected, the fit of the channel in the cryostat was very close but the
channel was located to the two midplane reference marks to within 0.15 mm
radially and 0.8 mm azimuthally. The close fit of the inner wall cover over
the channel entrance section caused some problems with accommodation of the
superlnsulation due to wrinkling. This was overcome by the insertion of thin
mylar sheets to provide smooth sliding surfaces. The nose of the channel
restricts the motion of the adjacent injection tube on assembly and the
injection tube bellows was damaged by interference with the outer shield.
The injection tube was subsequently remodeled to give adequate clearance.

On completion of the leak testing of the installed channel the shield cooling
system was revised. The former shield cooling flow of high pressure 100 K
helium is now divided between the shield and the beam pipe by a specially
designed compact regulator valve. The valve permits the necessary high
delivery pressure to the beam pipe while reducing the pressure at the shield.
This ensures a low feed pressure to the shield flow venturi for maximum sensi-
tivity. Measurement of the shield flow at low temperature is now necessary
because the shield cooling gas is returned to the liquéfier heat exchanger to
reduce liquid nitrogen pre-cooling requirements. The regulator valve
functions and venturi calibration were bench-checked at 100 K before instal-
lation. The regulator valve set-point is adjustable by inserting a long Allen
key into the transfer tube bayonet at Tower 2.

Transfer of the assembled cryostat to Building 137 was delayed owing to the
occurrence of some elusive leaks In the shield cooling manifold. The shield
cooling pipes have to be unsoldered in order to remove the shield panels for
access to the midplane. This operation has been carried out and the panels
replaced successfully three times previously with only minor problems. On
this, the hoped-for last assembly, an inordinate number of leaks at suc-
cessively different locations led to several cycles of assembly and
disassembly.
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At first the difficulty seemed to be associated with stretching of the now-
softened copper couplings that had been unsoldered several times in the
various assembly cycles.

The cryostat was moved to Building 137 on October 31st, with a small leak
still remaining. Despite one alarming excursion in its gimballed frame as the
tractor crossed an excessive road camber the transfer was effected with great
skill and elan by Mechanical Services Branch. The cryostat arrived in the
cyclotron vault with no change in the leak, indicating that no damage had been
sustained during the transfer.

During the leak tests before the move, the slow process of opening 20 layers
of superinsulation to gain access to the leaky piping and then repair the cut
layers before being able to reassemble to check the pipe repair, had led to a
complete redesign and reconstruction of the shield superinsulation system.
Two sets of precision-cut 10 layer "blankets" of superinsulation were
assembled in polyethylene covers. These blankets are reusable and can be
removed and replaced in a matter of hours instead of days.

It was eventually discovered that the stainless steel distribution manifold
would leak or not as a torque was applied to one of the side arms. On
removing and sectioning the side arm, cracks were evident. Metallurgical
Engineering and Materials Science Branches confirmed that these cracks were
due to intergranular corrosion in the manifold material, sensitized during
manufacture of the manifold and corroded by flux residues wandering along the
pipe from the soft soldered demountable joints.

The defective lower manifolds have been replaced by new ones made from 321
grade, stabilized, stainless steel and the demountable joint design changed to
lessen distortion and make removal easier. The defective upper manifolds
cannot be easily removed now that the channel is installed and so they have
been disconnected. The loss of the upper manifolds should cause a
difference of no more than 5 K in the shield temperature which will be
insignificant in its effect on refrigerant consumption.

Assembly of the cryostat in the cyclotron magnet yoke is expected to be
completed imminently.

6.2.1.2 Cyclotron Magnet Systems

6.2.1.2.1 Main Magnet Power Supply

H.R. Schneider and L.W. Shankland

The cyclotron magnet power supply and switch gear interlock system has been
commissioned in Building 137. Both power supply sections were operated to
2500 amperes and are ready for use.

6.2.1.2.2 Extraction and Injection Steering Magnets

J.H. Ormrod, R.E. Milks and L.W. Shankland

The support brackets for the steering magnets have been installed on the
cyclotron yoke. Development of the magnet control units was completed and the
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full complement of injection controls have been assembled, tested and
installed in the beam line stand adjacent to the injection port. Assembly of
the extraction controls is in progress.

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

The dee tuner push rod vacuum seals were modified to improve the pumping
connections and tested in preparation for installation in the cyclotron.

6.'-.1.3.2 Power Amplifier

Operation at the 80-100 kW rf output level caused overheating in the final
stage high voltage blocking capacitor assembly and failure of one set of
sliding contacts in the plate cavity. The contacts were repaired and the
alignment of the cavity sections improved to give more uniform compression
on the contacts. The plate cavity cooling was improved by mounting two fans
and a shroud to improve the air circulation. The stable temperature at high
power is now significantly lower.

Both of the spare 4CW100000E EIMAC tetrodes have failed. These and the
tetrode now in the amplifier socket are six years old and have been cycled
through the amplifier whenever possible but the long periods of storage may be
the primary reason for failure.

During power amplifier tests, the power transistors in the intermediate power
amplifier (IPA) failed and were replaced. Thp IPA is a broad band solid state
amplifier consisting of four 100 W modules combined to give 400 W to drive the
triode stage. The cause of the failure is believed to be the overdriving of
the IPA by the automatic voltage control circuit during tests with a "fading"
tetrode.

6.2.1.3.3 Control System

The rf control panel for the main control room was installed and tested. The
system of phase stable "Heliax" cables was installed between the rf
distribution panel In Room 209, the control room, the cyclotron, the two
hunchers and the two bunch length monitors.

The control computer interfacing has been essentially completed. About 150
system variables have been installed. MIMIC display diagrams have been set up
for the low energy buncher, the high energy buncher, the phase control system,
the power amplifier tuners and the dee tuners. The dee temperature diagram
remains to be done.

During the first beam tests described below (section 6.2.1.4.4), the system
could be operated from the control room through the control computer, except
during the turn-on period.
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6.2.1.4 Injection

6.2.1.4.1 Low Energy Buncher

E.A. Helghway, J.E. McGregor and N. Melcher with E.P. Stock (TASCC
Operations)

The low energy buncher has been moved to Building 137 where it has been
installed in the beam line and successfully tested.

Attempts to use software control of buncher tuning have been abandoned in
favour of a hardware automatic frequency control circuit driving the tuner
stepping motors. This circuit works well.

Considerable development of the control software has taken place. Graphic
displays have been installed to provide information for both normal operation
and tune-up conditions. System variables have been installed to provide
control and monitoring functions. The control system has proved to be robust,
flexible and easy to use.

Improvements have been made in the performance of the buncher by installing a
new 2f power amplifier, adding air cooling shrouds to the tuning capacitors
and simplifying the grid voltage monitoring probe.

A new design of grid assembly using an integral etched tungsten mesh rather
than discrete wires has been tested and rejected. The assembly exhibited
mechanical oscillations driven by positive feedback conditions when the
buncher was off resonance at high power.

6.2.1.4.2 High Energy Buncher

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

The buncher has been installed in the beam line with a turbomolecular vacuum
pump insted of the beam line standard Vac-ion pump in order to reduce
multipactor problems. The rf drive modulator, power amplifier, control
circuits and interfacing to the control computer and control room panel were
installed and tested.

Start-up under some circumstances is marginal because of multipactoring.
Coupling a resistive load to lower the cavity 0 helped to overcome this
situation. After initial starting, the cavity cleans up quickly and restarts
reliably. A beam (100 nA C + ) passing through the buncher did not affect an
established operating condition but Inhibited start-up by enhancing the
tnultipactoring. The operational limitation of turning off the beam for
buncher start-up Is not expected to cause difficulty.
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6.2.1.4.3 Capacitive Phase Probe and Phase Control Silts

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

A drift tube capacitive beam phase probe (CPP) (see PR-P-139, 6.3.1.2.3;
AECL-8554) was Installed near the Tandem energy slits after magnet BI1 and
connected to the phase stabilization circuit through a low noise amplifier and
band pass filter. (For beam line probe locations see Fig. 6.2.1.) The signal
obtained with a 100 nA beam satisfied the requirements for phase stabili-
zation. The waveform observed without the filter depended on the bunch length
and was demonstrated to be useful for roughly optimizing the low energy
buncher parameters.

A second CPP assembly has been made for Installation after magnet BI6 where
the waveform will depend on the high energy buncher parameters. Two more
assemblies have been ordered. One will be installed after magnet BI4, where
the phase signal should he less dependent on beam position than at the CPP
located after magnet BT1. The other will be located in front of magnet BI1,
where the higher current multiple charge-state (un-analyzed) beam should give
a significantly larger signal and better signal-to-nolse ratio.

The slit current preamplifiers for the phase feedback and scraper slits were
Interfaced to the phase control panel. Experience during first beam tests
(section 6.2.1.3.4) showed some deficiencies in the Interface and also how it
might be optimized. There was an indication in the tests of misleading
signals from lateral beam movements unrelated to beam bunch phase shifts, A
circuit using the scraper slit currents to compensate this effect was
constructed. More beam tests will be required to show that the effect is in
fact present with a well tuned beam and that the compensation is useful.

6.2.1.4.4 Beam Bunching Experiments

C.B. Bigham, R.J. Burton, E.A. Heighway and J.E. McGregor with
E.P. Stock (TASCC Operations), T.K. Alexander (Nuclear Physics
Branch)

The first beam bunching experiments were done during Initial beam line tests
from 1984 October 30 to 1984 November 07 with the beam through both bunchers
up to the entrance of magnet BI4 (magnet BI5 for some tests).

Results were obtained for 37.5 MeV C**+ and 45 MeV I5* beams but most tests
were done with the 30 MeV C 3 + beam at a current of 100 nA and an ion source
cage voltage of 150 kV. The low energy buncher (LEB) was run at 35 MHz,
60 MHz and 31 MHz with the high energy buncher (HEB) at 70, 120 and 124 MHz
respectively. These were not cyclotron Injection conditions and f$A values
were reasonable only for the HEB and capacitive phase probe (CPP) in the
60 MHz tests. The Tandem beam current was steady and large enough for initial
commissioning of the buncher system and for quantitative measurements to be
made using the beam pulse detector (BPD) (referred to as "pulsed beam monitor"
in PR-P-139, 2.27; AECL-8554).
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The tests showed:

1• The LEB parameters could be optimized to the accuracy required by setting
up the "sawtooth" on the oscilloscope In the control room and measuring
the hunch length with the BPD.

2. The signal on the CPP was several times the noise level even with poor ÖA
matching.

3. The best bunch lengths observed with the BPD were about 1.6 ns FWHM for
both 35 and 60 MHz corresponding to 20° and 36°.

4. The phase jitter measured with the vector voltmeter between CPP and rf
reference was generally small, often ± 3° for short periods. There was
however an indication of slower but much larger drifts and Instabilities,
especially In the last two days of tests. Variations of beam position and
energy were made and found to be uncorrelated with the large phase
excursions. However changes in the Ion source terminal voltage produced
large phase excursions indicating that this may be the source of the phase
variations observed.

5. Straggling in the stripper marie a significant contribution to the 1.6 ns
width. This was demonstrated by varying the stripper gas flow (pressure)
and observing the change in bunch length with the BPD.

6. The HEB could not be started with the beam on because of multlpactoring
but started readily with the beam off, as noted above.

7. Oualitatlve measurements of the beam current intercepted by the "phase
stabilizer" slits after magnet BI3 indicated that the energy dispersion
produced by the HEB was as predicted. Rebunching could not be
demonstrated without the following section of beam line in operation.

8. The phase stabilization circuit stabilized for short periods on the slit
error signal but as expected had limited range. The circuit held better
on the CPP error signal but the signal-to-noise ratio limited the degree
of phase stabilization attainable. The control system logic was not well
enough optimized to cope with the large phase shifts encountered.
Consequently, the automatic changeover from slit error to CPP error
control could not be demonstrated.

In summary, the results indicated that the bunching system will be capable of
providing the bunch lengths required for the cyclotron when the ion source and
Tandem are operating at the design levels for cyclotron injection.

6.2.1.4.5 Poll Changer

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

The vacuum envelope that houses the foil magazine and the foil loader and
unloader mechanisms has been fabricated. These mechanisms were installed in
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the envelope and adjusted to achieve smooth operation. Drive feedthroughs
have been Installed and components to mount motors fabricated.

Electronic control circuitry has been designed for stepping motors that drive
the loader and unloader. Circuit assembly and testing is underway. Limit
switches for this circuitry, which operate in high vacuum, have been designed,
fabricated and Installed.

The drive system for the foil transport chain has been modified. Bench tests
showed that a helical gear system required too much torque. It has been
replaced with a worm and gear.

6.2.1.5 Extraction

6.2.1.5.1 Electrostatic Deflector

C.R.J. Hoffmann

The high voltage feed system to the deflector electrode has been redesigned to
include a limiting series resistor in the dee. This resistor is a short
column of high resistivity flowing water located in the body of the main
coaxial support insulator. A standard high voltage cable, contained within
coaxial teflon and copper tubes, connects to the resistor. Water flows to and
from a header in the annular regions between these tubes and the cable. The
header is located at the top of the cyclotron. The copper tube forms the
vacuum envelope for the high voltage feed system. The water header and copper
vacuum envelope have been fabricated and tested.

6.2.1.5.2 Magnetic Channel Développent

C.R.J. Hoffmann

Assembly of the active magnetic channel system is complete, including current
leads, local helium vessels and beam pipe. The system was» tested in a
cryostat separate from the cyclotron without a background magnetic field, and
then installed in the cyclotron cryostat.

Hill lenses and Iron compensation elements have been fabricated and the
cryostat inner wall prepared for mounting them.

6.2.1.5.3 Magnetic Channel Tests

J.A. Hulbert, C.R.J. Hoffmann, L.F. Birney, J.F. Mouris with
K.A. Dobbs, A. Annand (TASCC Operations) and D.R. Proulx (Plant
Design)

The assembly of the channel, ready for insertion into the test cryostat, was
completed on July 17. The assembly had been effected without major problems
owing to the close collaboration of all of the groups involved. The channel
was mounted in the test cryostat and the helium connections and lead connector
box covers welded up.
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At first It proved very difficult to transfer liquid helium Into the test
cryostat. This seemed due to two causes» First, the channel was designed to
be filled from underneath, Whereas to keep the test cryostat to a manageable
size the liquid fill came from above. Second, the design compromise whereby a
cooled radiation shield had been dispensed with to simplify and accelerate the
assembly, combined with a hurried superlnsulatlon job resulted In a high heat
Influx to the cryostat. After several abortiv« attempts, the transfer tube
end was redesigned to seal Into the channel feed tube and a liquid level
established. Measurements then showed that with optimum gas flow, the four
lead pairs contributed 6-1/2 watts of the total heat influx of 21-1/2 watts.

All coils In the channel system were simultaneously excited to 200 amperes and
computed field directions and magnitudes confirmed. The current leads,
originally designed for Nb3Sn coils were rather overrated for the Nb-Ti
coils. However the overrating means that the lead cooling flow needs no
adjustment between zero current and maximum current, simplifying flow control.

The beam tube cooling was checked by inserting a 35 cm long 26 watt header
into the bean tube. A temperature of 80 K could readily be maintained with
the heater on. Higher flows available in the final assembly should make It
possible to operate with beam spill powers up to 100 W.

6.2.1.6 Beam Probes

J.D. Hepburn

The stub probe was modified to make it geometrically compatible with the
magnetic lens systems designed during the period and to ease future
maintenance. Assembly and wiring of probes 1 and 2 are essentially complete;
mechanical tests were satisfactory and vacuum system commissioning is about to
start.

Hardware for the probe control system has been received and, except for the
extraction probe sub-system, 90% commissioned.

Development of control system software has made good progress. Interface
Standards delivered the revised interrupt handling software. It has been
Installed and Is now being operated routinely. The following aspects of probe
control are complete and tested: handlers for a terminal located at the
probes; handlers for instructions written into the auxiliary memory module
(these instructions will ultimately be written to the memory by the facility
touch panel system via the CAMAC highway); all operations of CAMAC modules;
vacuum and probe position measurement and display; current data acquisition,
processing, storage, display and plotting. The remaining software (largely
probe movement control and vacuum system component interlocks) is written and
partially tested. The control system has been moved to the probe assembly
area where it Is being reconnected for the remaining tests on probe movement
and vacuum interlocks.
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6.2.1.7 Beam Dynamics

6.2.1.7.1 Orbit Computation

E.A. Heighway, M.F. Coulas and C.R.J. Hoffmann

Detailed examination of the extraction orbits for several ions revealed that
for extreme cases, the extraction channel compensation elements (diametrically
opposite the channel) were in a position to be struck by the beam. These have
been redesigned to correct this.

Searches using the SUPERGOBLIN constrained fitting option have been used to
find the maximum acceptance trajectories for 10 MeV/u Iodine 23+, 45 MeV/u
Carbon 6+ and 10 MeV/u Uranium 33+ beams. These allowed the radial
position and direction of the beam to be optimized as well as the
electrostatic deflector volts and magnetic channel winding currents. The
deflector volts and channel currents were constrained to be within their
allowed operating range.

The extraction trajectory for 23 MeV/u Carbon 5+ is at present not
acceptable. This is the most difficult ion to extract. Study is continuing
to determine if a small uprating of either the channel performance or the
extraction deflection magnet could be used to extract this ion.

»i.2.1.7.2 Code Development

K.A. Heighway and M.F. Coulas

The parameter fitting mode in the accelerated orbit code SUPERGOBLIN has been
enhanced to allow constrained optimization. This allows the extraction
channel acceptance to he maximized while forcing the channel winding currents
to be below their maximum allowable value.

Enhancements to the graphics post-processor for SUPERGOBLIN have added views
of the cyclotron yoke, yoke holes, flutter poles and extraction channel
elements to give easier visual interpretation of the injection and extraction
orbits.

6.2.2 Laser Grating Accelerator

L.W. Funk

A collaboration has been established among Brookhaven National Laboratories,
National Research Council of Canada and CRNL to conduct a series of
experiments into the feasibility of accelerating electrons in the intense
electromagnetic field produced above the surface of a grating by an intense
pulsed laser. The experiment was to be located at NRC to take advantage of
the presence of a unique CO2 laser capable of delivering tens of millijoules
in a pulse from 2 to 60 ps in length. The electrons were to be supplied by
the NRC electron linac, with the possibility of using an AECL Therac-25 style
llnac providing a backup position. Energy gain in the laser field would be
detected by a modified CRNL spectrometer, formerly used for tagged photon
research at the University of Illinois.
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This experiment has been delayed indefinitely by recent cutbacks at NRC. The
possibility of carrying out the experiment at some other venue is also being
Investigated. Short pulse lasers are being developed at the University of
Laval, and both Los Alamos National Laboratory and Stanford Linear Accelerator
Center are considering ways in which their accelerator expertise could be
applied to such an experiment.

The proposed experiment was reviewed at the recent CERN-INFN-FXFA Workshop at
Frascatl, and future plans will be elaborated at the upcoming 2nd Workshop on
Laser Acceleration at Malibu, California, in 1985 January 7-18.

6.2.3 Diagnostic Equipment Development

M.S. de Jong and J.C. Jones

The Injector Test F.xperiraent (ITE) facility is now being used almost
exclusively for beam diagnostic equipment development. Several modifications
were made on the proton beam line to improve its utility for such develop-
ment. An additional beam line section with 8 viewports and a gas handling
system for varying background gas composition was installed. The new n=l/2
bending magnet was installed but the magnet coil overheated because of
Inadequate cooling. A new coil assembly was designed with improved cooling
and the old magnet has been reinstalled until this new coil is made.

An Intel 310 system was purchased for software development for all diagnostic
equipment. The system consists of a Multibus 8086 processor with 640 kbytes
of memory, a 10 Mbyte hard disk and a 360 kbyte floppy disk. A configurable
version of the 1RMX-86 operating system was also supplied. A four serial port
board was installed In the 310 system and the operating system was configured
to support this board. The system can now support up to three users simul-
taneously.

A set of FORTRAN-caliable subroutines for controlling the RETICON linear
photo-diode arrays was developed for the 8086 beam-light diagnostics com-
puter. These routines set up a background task which repetitively scans a
selected array and can return the most recent scan to a calling program.

The first four beam light profile monitors and controller were fabricated.
Design of mounts for the monitors to the ITE diagnostics port and to all RFQ1
Injector ports was completed. Four sets of Ha and Hg optical interference
filters with 10 nm FWHM bandwidth were ordered.

Measurements of the Doppler-broadening of the Ha and Hg emission lines of
fast hydrogen atoms formed by electron-transfer reactions between beam protons
and background gas atoms demonstrated the feasibility of using this technique
for beam divergence measurements. RMS beam divergences were measured with a
precision of 0.2 mrad. A spectral deconvolution program was written to remove
the spectrometer response function from the measured spectra. Attempts at
correcting for Instrument response were unsuccessful because of a small
periodic variation in the total light intensity. The magnitude of the
variation was about 3% with a period of 15 to 20 seconds. Consequently,
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spectral deconvolution produced many spurious peaks that had no physical
significance. The cause of this fluctuation has not been determined. A
technique for normalizing each point in the spectra to the total light
intensity in the measurement region is being developed.

Measurements of total H a and Hg line intensity taken during the beam
divergence experiment showed that the intensity was not proportional to
background gas density. This unexpected result occurred because of Stark
mixing of the hydrogen fine structure by small electric fields produced by the
beam space charge. The mixing affects the transition rates between levels in
the atom and alters the line intensities. When the net effect is a large
reduction in the intensity of a given line it is said to be "quenched". The
variation of space charge neutralization with gas pressure caused the electric
field strength to change and thus produced the non-linearity of intensity with
pressure.

It may be possible to use this quenching effect to estimate the amount of
space charge neutralization. A simple model of the phenomena was developed
which assumed all H a emission was from 3s - 2p transitions, only the 3s - 3p
Stark mixing was considered and space charge neutralization was spatially
uniform. Under these assumptions, the H a intensity from a 20 keV proton
beam with an rms radius of 5 mm will be reduced by 50% with an effective
current of only 2 mA. Equipment to measure this effect accurately on the
proton beam on ITE is being developed.

A non-intercepting dc beam current monitor is being developed. It is a
simplified version of a monitor developed at CERN (see IEEE Trans. Nucl. Sei.,
NS-28, 2344 (1981). The monitor uses two toroids through which the beam
passes. The toroids have identical excitation windings wound in opposite
directions. A differential pick-up coil is wound around both toroids. A low
frequency current applied to the windings drives the toroids to saturation
periodically. The emf induced in the pick-up coil at the second harmonic of
the driving frequency is proportional to beam current.

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

Since late 1981 the 750 keV Injector has been used to provide low intensity
(1-2 mA) proton beams for low current tests with the Alvarez tank. In
September, following the postponement of the ZEBRA program, the decision was
made to attempt operation of the linac with higher currents prior to closing
down the linac. The plasma aperture of the duoplasmatron ion source was
increased to 9 mm from 4 mm and beams of up to 28 mA with proton fractions up
to » 55% were accelerated to 750 keV and transported to the 0° beam dump.
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The 7.5 m long beam line between the Injector column and the llnac contains 15
quadrupoles, two 45° bending magnets and a buncher. Uncertainties in the
degree of space charge neutralization and in the eraittance growth through
these beam transport elements make it very difficult to calculate the beam
behaviour along the beam line. In most cases the magnet settings required can
only be found by maximizing the transmitted beam. With dc beam powers in the
10-20 kW range the beam line must be well cooled to survive this tuning
procedure.

A new segment of beam pipe which is cooled by an outer water jacket was
installed between the second 45° bending rcagnet and the buncher cavity. The
buncher cavity was removed and a temporary beam stop was installed behind a
12.5 ram diameter aperture plate. With a 22 mA beam (mixed species) from the
injector 11.5 mA of protons (54%) was measured both at the exit of the first
45° magnet and at the buncher location. The buncher was then reinstalled and
the beam was drifted through the Alvarez tank. Under the same ion source
conditions a beam current of 10.1 raA was measured at the tank exit. The tests
were interrupted by the failure of a heat exchanger in the high. purity water
loop for the high voltage dome; the heat exchanger has been replaced and tests
are about to resume.

6.3.1.2 Alvarez Tank

J. Ungrin and J.C. Brown

The tank has not been operated at high rf field levels since the last quarter
of 1982. A new coupling loop window that uses low-loss 0-rings to replace the
knife edge compression vacuum seals was installed in early December and rf
conditioning was started following the transfer of the rf supply from the
Resonant Load. Conditioning to the cw design fields corresponding to a power
level of 165 kW was achieved within one week. High current beam tests are
planned as soon as the injector heat exchanger is replaced.

6.3.2 RFQ1

G.E. McMichael

Design and development of a high current 100% duty factor proton
radiofrequency quadrupole (RFQ) linac continued. Component tests and cold
model measurements are well advanced. Source and injector components are
ready to install. Detail drawings for the RFQ tank and vanes are being
prepared.

6.3.2.1 Ion Source and Injector

M.R. Shubaly and M.S. de Jong

Fabrication of an ion source/injector capable of delivering up to 90 mA of
50 keV protons with appropriate emittance to the Input of the RFQ is well
advanced. The main vacuum tank was distorted during heat-treating so had to
be straightened and heat-treated again. Final machining of the flanges on
this tank Is now underway. Brazing of some of the heat shields and winding of
the two solenoids remains to be done.
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6.3.2.2 Control and Instrumentation

M.R. Shubaly, R.W. Davis, W.L. Michel and J.G. Plato

As part of the program to standardize accelerator computer control it has been
decided to convert the Process Control and Instrumentation (PCI) System
described previously to use 16-bit Multibus boards. Two Intel 8028G-based
computer boards, with associated memory banks, have been purchased, and
development of a Multibus to PCI bus interface board Is underway. Because of
the large number of 8-bit A/D and D/A components available, and the fact that
some 8-bit modules have already been developed, the PCI bus will remain an
8-bit bus.

For use in a dedicated data-acquisition system, an IBM PC and Taurus One/05
data-acquisition system has been purchased. Communication between these two
units is via an RS232 link which can be readily converted to a fibre optic
link for improved noise immunity. Software is commercially available to
permit the system to run in a stand-alone mode, controlling an experiment,
acquiring and storing data, and generating report-ready plots of data.

6.3.2.3 Accelerator Design Codes and Calculations

Work continued on modifications, improvements and developments of codes for
beam dynamics, beam transport, magnet design and rf cavity design.

6.3.2.3.1 Linac Beam Dynamics Using Finite Elements for Space Charge
Calculation

B.C. Chidley and N.J. Diserens (RAL)

The RFQTRAK program was extended to handle full-length RFQ calculations but it
was very slow. Also, because the modeling was not Identical to PARMTEQ in the
low current limit small differences In particle trajectories were not
significant, making It tedious to detect and correct bugs. RFQTRAK has now
been restructured to be closer to PARMTEQ to aid in confidence assessment.
Some economies in computer time have been made but calculations are still
relatively slow.

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
configurations has been adapted to describe the mode and field distributions
of the TRIUMF main cyclotron rf cavity, with a view to Improving the
understanding of the effects of (a) individual resonator panel perturbations
on the overall field distribution, (b) methods of flattening the fundamental
and third harmonic fields simultaneously, (c) the sources of and methods to
reduce rf power leakage into the beam cavity.
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6.3.2.3.3 CANUTRON Design

B.G. Ghldley

The design proposal for a Clean Accelerator Neutron Generator was reviewed
using a higher maximum electric field because the RFQ Sparker experiment
(PR-P-139, 6.2.1.4.4; AECL-8554) has shown that the previous field limit was
too pessimistic. This change reduced the capital cost of the facility by
about 30% (to » 1.1 M$) and the power requirements by 50%. In addition, we
examined a low intensity design suitable for thermal neutron activation analy-
sis which had power requirements reduced by an additional 40% (to ~ 100 kW).

6.3.2.4 High Power RF Systems

J.C. Brown, J. Ungrin, H.F. Campbell and D.W. Clements

The rf system was used for operation of the Resonant Load and Alvarez tank.
Operation of the rf system with the Resonant Load has never been entirely
satisfactory particularly because of the reflected power trips that occurred
during minor tank impedance variations. When the RFQ vane seal test assembly
was installed the cavity frequency (TMQIO mode) was raised « 1 MHz to
« 271.2 MHz. Operation then became plagued with frequent shutdowns both at
turn-on and after short periods of operation because reverse power trips
occurred with relatively small increases in spurious mode content of the
output power. This increased susceptibility to noisy operation is attributed
to reduced damping of these modes by the grid and plate resonators of the
final amplifier. Although these resonators are tunable, they are optimized
for operation at 268 MHz. While modifications to provide absorptive damping
for spurious mode frequencies could be undertaken, it is considerably easier
to lower the Resonant Load frequency approximately 5 MHz (to 266.5 MHz) where
operation with the Alvarez tank and a high power resistive load is quite
satisfactory. A modification to accomplish this, by lengthening the body
length of the Resonant Load's drift tube by 4 cm is in progress.

6.3.2.5 Structure Development

6.3.2.5.1 Resonant Load Tests

J.C. Brown, J. Ungrin, H.F. Campbell, D.W. Clements and J.C. Jones

The Resonant Load was operated extensively to test components for RFQ1 and
other high power rf applications until the first of December when the rf
system was switched to the High Current Test Facility.

The copper plated girder drift-tube assembly was high power tested at on-axis
cw rf fields of up to 2.0 MV/m. No problems were experienced with the plating
adhesion or overheating at these fields, which are the typical design fields
for high current llnaes.
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The RFQ1 knife edge seal was tested in the Resonant Load to cw power levels of
120 kW which corresponds to wall currents of 2.6 kA/m. A temperature differ-
ence of 3°C was measured between the water cooled backing plate and the
centre of the seal at this power level which, extrapolating to the 6 kA/m
currents in RFQ1, would predict a maximum temperature rise of < 16°C, well
within acceptable limits.

6.3.2.5.2 High Power Drive Loops

J.C. Brown, R.B. Turner (Special Projects Division) and J.C. Jones

Development of two versions of high power drive loops with ceramic windows
continued. Manufacture of the first unit with a ceramic disc window
(PR-P-13S, 6.2.1.4.3; AECL-8267) is now complete. It will be high power
tested when the rf source is available following completion of the Alvarez
experiment.

Several modifications were made to the design of the cylindrical ceramic
window unit. The electrostatic shielding of the ceramic to metal brazed joint
at the centre conductor end of the window was improved. The rf match was
improved by replacing the flat bar with a round tube for the loop conductor
and by increasing the thickness of the disc at the tank end of the window.
This avoids the large impedance discontinuity between the end of the window
and the region where the tank fields make a significant contribution to
coupling. The centre conductor tube was terminated just outside the tank end
of the disc and the remainder of the loop was replaced by two parallel small
diameter tubes spaced about two diameters apart. Tests showed that a web
between the two tubes was unnecessary. With this arrangement, coarse
adjustment of coupling can be made by bending these tubes. Construction of
the high power version is now about 90% complete.

Development of a high power drive loop for the RFQ cavity has been started. A
cold test version of the Resonant Load loop with a cylindrical ceramic window
scaled for a standard 15 cm coaxial drive line has been designed. Con-
struction was completed at the end of the period and testing is scheduled for
early January.

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.
Assembly of the end flanges on the tank and fabrication of the end plates has
been completed. Fabrication of the internal rf structure is in progress.
Detailed drawings of the tank are being revised to add rf ports.

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.
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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 the start of a somewhat broader study to measure and understand
(1) the rf field distributions around holes in cavity walls and (2) the
leakage of radiation through holes.

As most practical cavity systems have penetrations for pumping, rf drive,
field measurement, viewing and beam injection, a set of dimensionless scaled
parameterized fits to field distributions should be of broad application. It
should be noted that calculation of such distributions would require a three
dimensional rf code, which is, as yet, unavailable.

The first measurements were of the magnetic field distribution in circular
penetrations in the curved wall of a TMQIO cavity - i.e., where the magnetic
field Is large at the wall. Both on- and off-axis measurements were made.
Waveguide theory suggests that if the penetration is acting like a circular
waveguide driven well below cutoff (i.e., is of small enough diameter), then
the field distribution will depend only on the hole diameter and not on wave-
length. The magnetic field measured along the axis of the penetration (z
direction) is shown in Fig. 6.3.1 for three different hole diameters; also
shown is a scaled fit. Measurements on long rectangular slots are also perti-
nent to the RFQ1 design and will be made.

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. Determination of final design details is in
progress and construction drawings are being prepared.

6.3.2.6.1 Mechanical Design

J. Ungrin, G.E. McMichael, T. Tran Ngoc, M.R. Shubaly and
A.A. Walton (Civil and Mechanical Design Branch)

An illustration of the RFQ tank is shown in Fig. 6.3.2. Recent changes in the
design include elimination of all internal welds on the cylinder by using a
thick walled carbon steel forging for the main body instead of fabricating it
as four segments.

The tank forging has been ordered and construction drawings are being pre-
pared. Heat transfer calculations are underway to determine the details of
the cooling around the vacuum ports. Tilting tests on the membrane seal to
determine loads on the vane adjusting mechanisms were completed.

It has been decided to proceed immediately with the construction of one vane
and a test base, so that any construction difficulties can be exposed and
tests on a full scale membrane and the adjusting mechanisms can be made.
These tests include:
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Fig. 6.1.1 Measured decrease of central magnetic rf field strength along
the axis of a cylindrical hole (radius » a) driven well below
the cutoff frequency of the hole.

- vacuum test of the full length membrane seal
- ± 0.5 mm radial movement cycling of the vane under vacuum and confirming the

forces required (plastically deformed gasket)
- tilting the vane tip ±0.5 mm under vacuum and confirming the forces
required

- measuring cooling water pressure drop through the various channels
- low power radiofrequency tuning.

The vane has been detailed and will be released for construction shortly.

Design of the vane testing rig is underway. The adjusting mechanisms have
been detailed and will be released for construction in January.



Fig. 6.3.2 RFQ structure for the RFQ1 experiment.
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6.3.2.6.2 RFQ Vane Machining

B.G. Chidley

The control tape for the numerically controlled milling machine at
Westinghouse Renfrew was previously a paper tape generated at the CRNL com-
puting centre and shipped to Renfrew. The paper tape step is now avoided and
the information is transmitted on the Bell lines from the CRNL computer to
Renfrew where it is downloaded to the milling machine. A full scale RFQ1 vane
tip is to be completed in January.

6.3.2.6.3 Alignment and Support Structures

T. Tran Ngoc

The 255 MHz aluminum model (shown in Fig. 6.3.3) was constructed and
assembled. The adjustment mechanism has successfully corrected the warping of
the vane and has positioned the 4 vanes precisely about the centreline of the
tank.

The vane alignment target system designed for the cold model was successfully
demonstrated. A similar target system was developed to align the RFQ1 vanes.
It consists of 2 end plate targets and a vane target that will be mounted at 3
reference marks machined on the vane body.

Detailed design for components of the overall alignment system is complete
including support stands for telescope and datum target, the different target
holders at entrance and exit ends of each unit and the dial indicator
supporting frame for overall deformation measurement of the RFQ1 unit under
operation.

6.3.2.6.4 Radlofrequency Design

R.M. Hutcheon and R.A. Vokes

The high average power and beam current of RFO1 have required the development
of some novel mechanical design concepts that, in turn, have strongly
influenced the rf design. RFQ1 is to have 40 vacuum pumping holes in each
quadrant to handle the large gas load. The effect of these holes on the
frequency, field distribution and Q must be determined. Vane shorting straps
are to be used to ensure field stability under high average power conditions.
The frequency and longitudinal field shifts caused by the straps must be
predicted and then corrected in some way. The turn-on heating transient will
cause sufficient frequency shift that some form of dynamic tuning is
necessary. It must, however, have only a negligible influence on the field
distributions.

The effect of the pumping holes was studied, both with the recently completed
255 MHz RFQl cold model and with a 350 MHz cold model. The former yielded a
predicted frequency shift of -1.67 MHz, but was not suitable for measurements
of Q change. The scaled results from the 350 MHz model predict a -1.77 MHz
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frequency shift, and showed that the same frequency shift would occur If the
holes were only 0.31 radii deep but filled with full strength outer wall
magnetic field. The results also Indicated that for holes with a length equal
to 1.1 times the diameter, the Q was at the very least unaffected and possibly
slightly higher.

Vane shorting straps inserted at each end of the RFQ1 cold model produced a
frequency shift of -11.0 ± 0.1 MHz; half-straps (a single ring at either end)
produced a shift of -4.4 ±0.1 MHz. The theoretical frequency shift, calcu-
lated using the code RFQ3D, was -11.6 MHz for full straps, in good agreement
with the measurement.

The practical range of the vane end tuner gap (2.5 - 6.5 mm) corresponds to
about 0.6 MHz frequency variation. This Is considered adequate, hence the
final tilt frequency adjustment will be made by machining the copper tips
after Initial assembly.

Two standard 10 cm diameter plungers located in opposite quadrants at the
centre of the structure are to be used for dynamic frequency tuning. If the
tuners are always operated in unison with Identical penetrations, no azimuthal
quadrant field tilts will occur. A 20 mm insertion of the tuning plungers
produces a +1.1 MHz frequency shift on the 255 MHz model; this compares to the
RFQ code prediction of * 1.3 MHz. This is just within the range required to
compensate for the turn-on temperature transient.

6.3.2.6.5 Cooling Systems

J.C. Brown, G.A. Zakhem (Process Systems Design Branch) and
L.J. Legrls (Civil and Mechanical Design Branch)

The RFQ1 accelerator requires two independent cooling systems. A delonized
water system will cool the copper injector and high energy beam stops. The
second system, L — the RFQ1 structure, requires a coolant with a pH of
approximately 10 to limit corrosion of the copper plated mild steel. Design
of these systems is now well advanced. Drawings for the beam stop cooling
system are now complete and a cost estimate is being prepared. Detailing of
the piping layouts for the structure cooling system Is In progress and is
about 50Z complete.

Most of the major components for both systems have been ordered.

To facilitate RFQ structure frequency control, it Is necessary to minimize the
coolant recirculation time by locating the cooling system close to the
structure. No suitable area was available within Building 610. A small
addition approximately 3.6 m x 12 ra in size was proposed and has received Site
Committee approval. Drawings have been prepared and costs estimated, however
construction start has been delayed until spring when ground conditions will
be more suitable.



6-27

6.4 Medical and Industrial Applications

6.4.1 Electron Test Accelerator

J. McKeown

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 and J. McKeown

For the first four months of the period the accelerator was operated In
support of the parity violation experiment. For details of the experiment see
PR-P-140, 3.34; AECL-8648. The accelerator was very reliable and produced
beam on target on demand. There was a total of 753 hours of cw beam oper-
ations at a beam current level below 500 uA and beam energies of 3.2 to 4 MeV.

The change over from the polarized electron source to the triode electron gun
took less than one week but machine start-up was delayed initially by problems
with gun conditioning and later with oscillations In the M4 phase control
loop. The latter problem was eventually traced to a faulty vector voltmeter
which was replaced. A stable 4 MeV beam with 622 transmission was then
achieved.

Preliminary experiments to measure the profile of the beam were done on the
45° beam line. Four plastic foils were placed 20 cm apart in air just outside
the 0.25 ram aluminum window. Scattering from the window and the foils
together with the lack of an optical calibration of the plastic resulted in
only qualitative Information being obtained. The opaqueness of the first foil
had a FWHM of 1 cm and it is apparent the technique could be used quanti-
tatively If desired. The action of the quadrupole provided expected shapes.

An Irradiation at 1.5 MeV was made on single crystals of ot-Zr for Materials
Sciences Branch. These crystals have basal and prism plane surfaces and were
Irradiated to look for self-interstitial recovery. An Irradiation was also
done on Zr/l.5£Sn to look at Sn vacancy interaction In Zirconium. Sample
temperatures were measured during beam operation. Detailed descriptions of
the experiments are given In PR-CMA-67, section 4.4.8.

An irradiation of wood chips was done as part of a collaborative experiment
with the division of Biological Sciences, NRC, Ottawa. Three samples were
irradiated with 4 MeV electrons at a dose of 0.01, 0.1 and 1.0 MGy. At the
highest dose the wood chips became very brittle and were readily reduced In
size to facilitate the enzyme hydrolysis of wood cellulose Into glucose.
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Measurements of the background radiation generated with electrons and ions
from the residual gas in a structure were made as a function of the field
gradient. The high flux of low energy photons observed at an average energy
gradient greater than 1 MeV/m made the use of a Ge detector impracticable
because of pile-up and measurements by calorimetry are being considered.

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)

Work on calculations of bremsstrahlung and neutron yields from electrons on
slab targets continues. A compilation for 5-25 MeV electrons on thin slabs of
Al, Pe, Cu and Pb was obtained with the Monte Carlo method using evaluated
photo-neutron cross sections. A compilation for the elements Be, Ta and W is
being prepared. These data are needed to determine bremsstrahlung and photo-
neutron yields from electron accelerators for medical and industrial appli-
cations.

6.4.1.2.2 Vield Experiment

J. McKeown with \.K. Sherman (Physics Division, NRC, Ottawa)

Further analysis of the experiment to measure bremsstrahlung from a tantalum
target concentrated on the backscattered electrons. The total charge
collected during the data-taking runs was 4.97 x 10~ 3 C while the total
charge incident on the tantalum was estimated to be 5.89 x 10" C. All of
the difference was assumed to be due to backscattering and two methods were
used to estimate the energy carried away. The first is from experimental data
published by Har 1er (1965). A linear extrapolation of results at 10 MeV for
both aluminum and lead yields 19% of the incident electrons backscattered
with an average energy of 3.3 MeV, hence 6.3% of the incident high power is
lost to backscattering. Lone calculates 5.9% using ETRAN. The average
difference in energy collected by the calorimeter and that incident on the
tantalum was 26.1 t 2%. If a mean value of 6.12 is assumed for backscattered
electrons then it Is concluded that 20% of the incident energy, mainly as
photons, is lost to the calorimeter. Lone estimates that 15.9% is radiated as
bremsstrahlung, hence this result is somewhat higher than predicted by Monte
Carlo codes.

6.4.1.2.3 Irradiation Windows

J.-P. Labrie and S. Gowans (Civil and Mechanical Design)

An irradiation window is being designed for P,TA to simulate the mechanical
constraints and surface power density that would be encountered with a 10 MeV,
SO mA beam.
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6.4.1.3 Injection Beam Line Induction Measurements

K.C.D. Chan

To understand better the beam instability encountered during pulsed beam oper-
ation, the magnetic fields generated along the injector section of ETA have
been measured in the Gun Test Room with the coils In the same configuration as
on ETA. Induction data were collected with a Burr-Brown CS45O Data Acqui-
sition System and transferred to the CDC computer for processing.
Figure 6.4.1 shows the measured longitudinal and transverse magnetic
inductions 1 cm off-axis. The transverse induction agreed with that calcu-
lated using measured on-axis longitudinal Induction. This agreement shows
that the transverse fields used in the earlier study were correct and elimi-
nates the focusing elements as a cause of the Instability.

6.4.1.4 Structure Development

6.4.1.4.1 Dispersion Curve of Coupled Cavity Structures

H. Euteneuer and J.-P. Labrle

In the literature on coupled cavity structures, electric coupling is associ-
ated with forward-wave oscillators (f0 < f^, v~roup and vpllase

parallel) and magnetic coupling with backward-wave oscillators (fo > f^,
vgroup an<* vphase anti-parallel). Confusion however existed for slot
coupling such as in the on-axis and side-coupled structures. The computer
code SUPERFISH predicts forward-wave characteristics for both axial iris and
slot coupled cavities even when the slot Is located in a region of high
magnetic field.

Phase measurements were done on a structure composed of two of the segments
shown in Fig. 6.4.2 (a) and the osc/lator characteristics of slot and axial
iris coupled cavities were determined. The slot coupled cavities had no
central beam aperture to isolate the characteristics from axial iris coupling
better. The inner disk was held by two small pieces of teflon and the angular
span, a, of the coupling slots was varied by filling the azirauthal portions
with indium. Half end cavity terminations were used and the relative phase of
the field in each cavity was measured for the three fundamental coupled cavity
modes (0, it/2, and TT). Results are shown in Fig. 6.4.2 (b). The structure
behaves as a backward-wave oscillator for a up to 120° and the coupling
increases with a. The structures change from a backward to a forward-wave
oscillator in the region with a between 120° and 150° and the coupling
decreases as a approaches 180°. For a = 180°, SUPERFISH predictions agree
quantitatively with the measurements.

Dispersion curves measured with axial iris coupled structures are shown in
Fig. 6.4.2 (c). Axial Iris coupled structures behave as forward-wave oscil-
lators as expected and the dependence of coupling on the iris area is given by
the area to the 1.6 power. The wave characteristics of axial iris and slot
coupled structures were found to be independent of the end cavity termination.
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Fig. 6.4.1 Magnetic induction measured 1 cm off axis.

6.A.1.4.2 High Power Structure

J.-P. Labrie

An on-axis coupled structure composed of three accelerating and two coupling
cavities, operating at 2450 MHz, Is under construction. The structure will be
used to determine the field stability at cw power levels up to 200 kW/ra.
Measurements will be performed in collaboration with the Institut für
Kernphysik at the University of Mainz.

5.4.1.4.3 Chopper Cavity

J.-P. Labrie

A single cavity chopper, operating at 805 MHz in the beam deflecting TM l l 0

mode, Is being constructed to reduce the energy spread at the output of ETA.

6.4.1.5 ETACON

K.C.D. Chan

The present ETACON system is severely limited because the Model 70 mini-
computer is obsolete. Financial considerations have prevented large scale
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upgrading of ETACON and Its development has taken the form of small
Investments In microprocessor controlled modules.

A review of microprocessor applications In the branch was made and a branch
standard was recommended. As a result, an Intel 310, was purchased for micro-
processor development. This has led to the study of developing a second
generation ETACON with distributed microprocessor based controllers to replace
the aging Model 70 and to develop an easily expandable control system for
Industrial lrradlator applications. This Is quite different from the present
ETACON approach which centers on a single processing unit. The change to
distributed controllers will require considerable ETA downtime for recabling.
The actual size of this problem Is being assessed.

6.4.2 Ion Source Development

M.R. Shubaly and R.G. Maggs

In a previous study, the arc efficiency of the cusp-enhanced duoPIGatron was
found to be much lower than that of a simple duoPIGatron - for a given current
density, the cusp-enhanced source required twice the arc current. Furthermore
the uniformity across the extraction array was affected by the position of the
hills and valleys of the cusp field. In recent experiments, the axial
position of the cusp magnets was found to be more critical than previously
thought. By staggering the axial position of the magnets the uniformity was
greatly improved. With the cusp magnets properly located, the arc efficiency
of the cusp-enhanced source can exceed that of the simple duoPIGatron and the
gas consumption is decreased (i.e., the ionization efficiency is improved)
over that of the simple source. Furthermore, the arc stability is improved.
To continue these studies a new cusp electrode with twice the extraction area
has been designed in which the axial and azimuthal position of the cusp
magnets can be adjusted remotely during operation.

Operation of the plasma generator with low vapour pressure elements requires
the inner wall of the source to operate up to 1000°C. A hot liner for the
source has been designed and is being fabricated to permit studies of the duo-
PIGatron source with these materials.

For some applications, slit extraction optics is preferable to the circular
apertures presently used and a set of slit aperture extraction electrodes has
been fabricated.

The duoPIGatron source has been operated with oxygen and all seven apertures
open to give a total extracted current of 230 tnA. With the measured 0+

fraction of 0.6, this is an 0+ current of 140 mA. The beam is well defined
and has a small divergence angle. Improvements to the filament clamping
system have improved the filament lifetime to » 14 hours at full output.

Commissioning of the new plasma generator power supplies is underway. These
supplies use a high voltage isolation transformer to replace the transformer
in the SCR regulated supplies used in the past, and the fibre optic telemetry
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system developed at CRNL to provide feedback to close the regulation loop. In
initial operation with the filament and coil supplies using this system, the
arc-down rate on the Ion Source Test Stand dropped by more than an order of
magnitude because transients developed by small sparks in the extraction
column no longer affect the plasma generator power supplies. After some
initial problems caused by poor grounding and inadequate transient sup-
pression, no damage to the supplies, or the telemetry system, have occurred.
The arc power supply is presently being modified to operate in the same mode.

The new high voltage power supply controller for the Ion Source Test Stand has
been commissioned. This controller incorporates improved metering, a servo
with adjustable deadband to provide improved regulation, and an interface
suitable for computer control of all functions. The supply has been recon-
figured to provide up to 900 mA. (The original current limit was 500 mA.)

Development of the new control system for the emittance unit is proceeding
with the stepper motor controllers completed and development of a 16 bit A/t)
converter for current measurement underway. A duplicate of this control
system will be used on the new X-Y emittance unit which has been fabricated
and is undergoing testing. A new drive system is being fabricated for the
main slit on the Ion Source Test Stand emittance unit to provide increased
drive capabilities and thereby reduce the jamming of the main slit that has
occurred in the past.

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

Fitting and assembly of extraction channel magnet modules on the strongbacks
required major laboratory support. Several clamping pieces to hold inter-
module conductors for the magnetic channel were modified. Clamping blocks
were made to hold conductors in place inside the stainless steel envelope con-
necting the channel helium vessel to the gas cooled leads housing. Beam tube
end flanges and feedthrough components were manufactured and assistance was
rendered with the fitting, welding and testing of the channel.

Various modifications were made to the stub probe travel limit system and head
to make the probe compatible with surrounding components. Main probes 1 and 2
were prepared for tests and various components fabricated for them.
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Other miscellaneous jobs included:

- The manufacture of a water header and vacuum envelope for the electrostatic
deflector high voltage feed system.

- Modifying and fitting the magazine and the loader and unloader mechanism for
the foil changer.

- Modifications to vacuum seals and the grid assembly of the low energy
buncher and the manufacture of a Q-reducing probe for the buncher.

- The manufacture of three way valve seals, oriface plates, stepping motor
drive assemblies and flow sensor assemblies for the helium refrigerator
system.

6.5.2 High Current Test Facility

Modifications were made to the cold test model of the cylindrical window
version of the Resonant Load drive loop to improve shielding of the window end
seals and the rf match of the centre conductor assembly. A 23 cm coaxial 35
to 50 ohm transformer was fabricated for power testing a drive loop with a
disc type ceramic window, and several teflon windows were fabricated for the
Alvarez tank drive loop.

6.5.3 RFQ1

Work in this period concentrated on producing test pieces and assemblies to be
used in checks of the RFQ1 design concepts. A high power water cooled
assembly for use on the Resonant Load was made to test the racetrack membrane
with a knife-edge joint concept. A 30 cm long RFQ model, with full scale vane
segments, was fabricated to test proposed methods of installing vane straps.
The pumping ports and vane end blocks on the aluminum cold model were modified
to match the most recent design and a cold test model of a drive loop with a
cylindrical ceramic window was fabricated for the cold test model. Test
cavities and probe holder assemblies were modified to allow measurements of
the penetration of rf fields into various holes.

6.5.A Electron Test Accelerator

Two aluminum cavities were machined for dispersion curve measurements at
2.45 GHz. The stand 2 klystron waveguide run required several WR975 waveguide
components to be manufactured before a repaired klystron could be tested.
Some heat sinks were also made for this stand. A styrofoam calorimeter was
made and two matched transitions were assembled to measure the average energy
of electrons emitted from model 5 as a function of rf power. Stainless steel
plating test pieces were made for ceramic window development.

6.5.5 Ion Source Development

A set of extraction electrodes with removable faces were fabricated to permit
tests of slit optics. An extraction electrode and an intermediate electrode
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were fabricated. One accel electrode, two decel electrodes and one inter-
mediate electrode were refurbished and modifications were made to the
emlttance unit beam slits.

6.5.6 Reactor Physics

Two diffusion capsule chucks and a length adjusting end plate were manu-
factured for the fuel pin scanner. Two lead collimators were machined and
assembled for the germanium detector.

6.6 Publications, Reports, Conference Presentations, Lectures and Patents

Publications

NEW ACCELERATOR FOR RADIATION PROCESSING; CW-TYPE LINAC

J. McKeown
Proceedings of the 16th Japan Conference on Radiation and Radioisotopes,
December 6-8, 1983, Japan Atomic Industrial Forum, p. 186 (1984).

BEAM DYNAMICS OF THE CRNL SUPERCONDUCTING CYCLOTRON EXTRACTION SYSTEM
E.A. Heighway and C.R. Hoffmann
Proceedings of the Tenth International Conference on Cyclotrons and their
Applications, East Lansing, Michigan, April 30 - May 3, 1984, IEEE Catalog
No. 84CH1996-3, 141 (1984).

THE REBUNCHER FOR THE TANDEM-SUPERCONDUCTING CYCLOTRON BEAM BUNCHING SYSTEM
C.B. Bigham, A. Perujo, E.A. Heighway and J.E. McGregor
ibid., 169.

DESIGN AND TEST OF PROTOTYPE SUPERCONDUCTING EXTRACTION CHANNEL MODULES FOR
THE CHALK RIVER SUPERCONDUCTING CYCLOTRON
C.R. Hoffmann, J.F. Mouris and D.R. Proulx
ibid., 222.
Also Atomic Energy of Canada Limited, AECL-8456.

THE CHALK RIVER SUPERCONDUCTING CYCLOTRON
J.H. Ormrod, C.B. Bigham, E.A. Heighway, J.D. Hepburn, C.R. Hoffmann,
J.A. Hulbart and H.R. Schneider
ibid., 245.
Also Atomic Energy of Canada Limited, AECL-8457.

SLIDING CONTACTS FOR TUNERS IN HIGH POWER RF RESONATORS
C.B. Bigham, R.J. Burton and J.E. McGregor
ibid., 377.

OPERATION OF A CW HIGH POWER RFQ TEST CAVITY: THE CRNL "SPARKER"
R.M. Hutcheon, S.O. Schriber, J.C. Brown, D.W. Clements, H.F. Campbell,
G.E. McMichael and M.S. de Jong
Proceedings of the 1984 Linear Accelerator Conference, GSI, Darmstadt,
May 7-11, 1984, GSI-84-11, 74 (1984).
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RFQ1 DESIGN PARAMETERS
B.G. Chidley and G.E. McMichael
ibid., 85.

BACKGROUND ION TRAPPING IN RFQS
M.S. de Jong
ibid., 88.

INVESTIGATION OF THE EFFECTS OF SPACE CHARGE AND IMAGE CHARGE FORCES ON BEAM
LOSS IN AN RF QUADRUPOLE
N.J. Diserens
ibid., 91.

A MODELING STUDY OF THE FOUR-ROD RFQ
R.M. Hutcheon
ibid., 94.

A LOW COST MODULAR CONTROL AND INSTRUMENTATION SYSTEM FOR ACCELERATORS
M.R. Shubaly, J.G. Plato and R.W. Davis
Ibid., 148.

BEAM EXCITED MODES IN LINEAR ACCELERATOR STRUCTURES
J.-P. Labrie, K.C.D. Chan, J. McKeown, H. Euteneuer and A.M. Vetter
ibid., 168.

DESIGN OF A HIGH POWER ELECTRON LINAC
J. McKeown, R.K. Elliott, L.W. Funk, S. Gowans, J.-P. Labrie, C.E. Langlais
and D.G. Logan
ibid., 186.

RFQCOEF, A PACKAGE FOR EXTRACTING THE HARMONIC COEFFICIENT FOR THE POTENTIAL
FUNCTION IN AN RF QUADRUPOLE CELL
N.J. Diserens
Ibid., 324.

RF STRUCTURE STUDIES FOR THE HERA PROTON RING
S.O. SchriV><?r, K.C.D. Chan and G.E. McMichael
Ibid., 420.

A STUDY OF A CUSP-ENHANCED DUOPIGATRON ION SOURCE
M.R. Shubaly
ibid., 443.

ENERGY GRADIENT ,IMITS IN ROOM TEMPERATÜRE CW LINACS
J.-P. Labrie, H. Euteneuer and J. McKeown
Ibid., 460.

THE ZEBRA PROJECT - PAST AND PRESENT
S.O. Schriber
Ibid., 501.
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DEVELOPMENT OF A HIGH CURRENT INJECTOR FOR A SPALLATION NEUTRON SOURCE
B.G. Chidley, G.E. McMichael and H.R. Shubaly
Proceedings of the Seventh Meeting of the International Collaboration on
Advanced Neutron Sources (ICANS-VII), September 13-16, 1983, Chalk River
Nuclear Laboratories, Chalk River, Ontario, edited by S.O. Schriber, Atomic
Energy of Canada Limited, Report AECL-8488, 162 (September 1984).

BEAM LOADING AND BEAM INSTABILITIES IN HIGH CURRENT ACCELERATORS
K.C.D. Chan and J. McKeown
ibid., 166.

Reports

A MICROPROCESSOR-CONTROLLED BEAD PULLER FOR RF CAVITY MEASUREMENTS: OPERATING
MANUAL
J.n. Hepburn and W.L. Michel
CRNL-2657, July 1984.
Unpublished report, available from Atomic Energy of Canada Limited, Chalk
River, Ontario, KOJ 1J0.

OPTIMIZED LOW ENERGY DRIFT-TUBE GEOMETRY AT 108 MHz
J. Ungrin
Gesellschaft for Schwerionenforschung Report, GSI-13 (October 1984).

MAXILAC AS A HIGH CURRENT UNILAC INJECTOR
J. Ungrin and J. Klabunde
Gesellschaft für Schwerionenforschung Report, GSI-14 (October 1984).

A HEAVY ION REPLACEMENT FOR THE FIRST TANK OF THE OLD CERN LINAC
J. Ungrin and J. Klabunde
Gesellschaft für Schwerionenforschung Report, GSI-15 (October 1984).

TRANSOPTR - A BEAM TRANSPORT DESIGN CODE WITH SPACE CHARGE, AUTOMATIC INTERNAL
OPTIMIZATION AND GENERAL CONSTRAINTS
E.A. Heighway and M.S. de Jong
AECL-6975 (June 1984).
This AECL report was Issued in July 1980 and is now revised.

ICANS-VII, PROCEEDINGS OF THE SEVENTH MEETING OF THE INTERNATIONAL COLLABO-
RATION ON ADVANCED NEUTRON SOURCES, CHALK RIVER NUCLEAR LABORATORIES, 1983
SEPTEMBER 13-16
Edited by S.O. Schriber
AECL-8488 (September 1984).

Conference Presentations

THE BNL-NRCC-AECL LASER GRATING ACCELERATOR EXPERIMENT
L.W. Funk
Paper presented at the CAS-ECFA-INFN Workshop on Generating of High Fields for
Acceleration of Particles to Very High Energies, Frascati, Italy,
1984 September 25 - October 1.
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LINAC BASED IRRADIATORS
J. McKeown and N.R. Sherman
Paper presented at the Fifth International Meeting on Radiation Processing,
San Diego, CA, 1984 October 21-26.

BASIC CONCEPTS OF ELECTRON (BREMSSTRAHLUNG) IRRADIATOR DESIGN
J. McKeown
Paper presented at the IAEA Meeting on Radiation Technology for Food Industry,
The Netherlands, 1984 November 11-15.

BREMSSTRAHLUNG AND PHOTO-NEUTRON YIELDS FROM 5-25 MeV ELECTRONS ON THIN SLABS
OF Al, Fe, Cu AND Pb
K.C.O. Chan, M.A. Lone, S.E. Adams and P.Y. Yong.

CANUTRON - A CLEAN ACCELERATOR NEUTRON GENERATOR
B.G. Chidley, G.E. McMichael and S.O. Schriber.

PROTON BEAM DIAGNOSTICS USING OPTICAL SPECTROSCOPY
M.S. de Jong and N. Rowlands.

RFO1 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.

CW LINEAR ACCELERATOR DEVELOPMENTS AT CRNL - STATUS AND FUTURE
G.E. McMichael.

AN INTENSE RADIATION SOURCE
J. McKeown, J.-P. Labrie and L.W. Funk.

IMPROVING THE LONGITUDINAL ACCEPTANCE OF LOW ENERGY ELECTRON LINACS
L.W. Funk.

The seven papers listed above were presented at the Eighth Conference on the
Application of Accelerators in Research and Industry, Denton, Texas,
1984 November 12-14.

Lectures

IRRADIATION WITH LINEAR ACCELERATORS
J. McKeown
Seminar presented at Atomic Energy of Canada Limited Radlochemical Company,
Ottawa, Ontario, 1984 October 12.

BEAM INDUCED VOLTAGES TN RF CAVITIES
K.C.D. Chan
Talk presented at Los Alamos National Laboratories, Los Alamox, New Mexico,
1984 November 26.
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