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SUMMARY

G.A. Bartholomew

1.1 Nuclear Physics Research

MP Tandem Operation

The MP Tandem was shut down 1982 May 10 to prepare
for the installation of the superconducting cyclotron.
During the shutdown the accelerating tubes will be inter-
changed end for end to reverse the direction of the beam
through the accelerator. At the same time a new ion source
cage will be installed at what was formerly the output end
of the tandem. Until shutdown the tandem performed extreme-
ly well with only one unscheduled shutdown caused by a
failed belt drive for the terminal 400 Hz generator.

Accelerator availability to shutdown was as
follows:

Experiments running 750 hours 78.1%
Scheduled shutdowns 149 hours 15.5%
Unscheduled shutdowns 61 hours 6.4%

960 hours 100.0%

Eight experiments were performed during the
quarter. Four visiting scientists used the accelerator;
they were involved in experiments occupying 69% of the beam
time and in these experiments their participation averaged
55%.

Research Activities

In experiments undertaken at Fermilab by a collab-
oration of scientists from SUNY (Albany), Dubna, Fermilab
and CRNL, bending of the beam by curved silicon crystals was
observed for several beam momenta between 12 and 180 GeV/C
and for bending angles up to 28 mrad.

Good progress is being made in the experiment to
search for parity violation in the photodisintegration of
deuterium using the Electron Test Accelerator. Polarized
electrons have been produced and accelerated, prototype
neutron detectors have been tested, and the tantalum
bremsstrahlung target assembly has been improved after
initial tests.
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A new He-jet ion source was tested on-line with the
ISOL isotope separator. The observed source efficiency with
25Al collection was far above the yield reported for other
He-jet sources.

The CRNL air-core TF/2 spectrometer is being
recommissioned for the measurement of the tritium g-spectrum
in connection with a new attempt to measure the neutrino
mass. A vacuum system has been built to prepare tritium
sources for the spectrometer. Theoretical studies of the
required spectrometer modifications are underway. Multiwire
proportional counters and associated electronics for detection
of the tritium decay electrons at the output of the
spectrometer are well advanced.

Progress is being made on the understanding of the
mechanism giving rise to transient magnetic fields for heavy
recoil nuclei.

A comprehensive theoretical description of the
properties of neutron monochromators constructed from multiple
thin-film layers of Ge alternated with Mn or Ge with Fe is
being developed. Such monochromators are of interest for a
proposed polarized neutron spectrometer.

1.2 Accelerator and Applied Physics

Research Applications

Heavy-Ion Superconducting Cyclotron

- With the exception of a dry-out lasting 2-1/2 days due to
liquefier purifier breakdown, the magnet cryostat has
been in continuous operation at 4.4 K for 17 months.

- The rf accelerating structure is now installed in the
magnet and has been operated over its frequency range up
to maximum magnetic field.

- The Mk II cryopump has a measured speed of 1500 L/s for
air and is installed in the rf structure for rf
compatibility tests.

- The low energy buncher prototype has been tuned over the
necessary range and is being modified for vacuum
operation in preparation for high power tests.

- The design of the high energy bunchpr is almost ready for
construction of a prototype.

- Development work on gradient and bias coils for the
magnetic extraction channel continues.
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Design of the movable beam stop required to shield the
probes during operation is complete.

Refinement of computer codes to improve the spatial
matching of field maps, and the fit of generated field
configurations to desired isochronous fields continues.

New rf cavity codes have been obtained from Germany and
commissioned on the CDC computer system.

System variables for the MP tandem stripper-gas valve
were tested and provided operations personnel with their
first "hands-on" experience with computer control via
touch panel, knob, and colour TV monitor.

The first CAMAC to fibre-optic interface module for
controlling power supplies in the injector has passed
bench tests.

Supply of beam transport components from the vendor is on
schedule.

Nuclear Power Applications

a) High Current Proton Accelerator Development

- Emittance from a three aperture ring-cusp duoPIGatron for
a 142 mA proton beam was found to be similar to that from
a simple duoPIGatron.

- Beam dynamics and injector requirements have been
completed for the 75 mA, 600 keV RFQ1 accelerator.

- A new code POTRFQ is being used to study four vane RFQ
field enhancement factors.

- A computer code for calculating shapes of RFQ electrodes
has been developed.

- The beam transport code TRANSOPTR has been modified to
handle solenoids and space charge.

- The staggered vane RFQ geometry appears to be less
sensitive to mechanical errors than the standard four
vane geometry.

- Field studies in DTL structures have demonstrated a
minimum drift tube diameter/outer diameter ratio that can
be used and still maintain stable fields in structures
with tuners.
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- Measurements on drift-tube stem currents have shown that
the end wall should be a perfect mirror image. Mocking a
half drift-tube on the end wall results in significantly
reduced stem currents for near drift tubes.

Installation of the resonant load continues.

b) Electron Test Accelerator

Extension of the electron facility is now commissioned and
experiments were carried out in the 0°, 45° and 90° beam
lines during the period.

- Machining of the parts for the pulsed gun has finished and
assembly has begun.

4 MeV electrons were used to irradiate single crystals of
aluminum and zirconium to produce defect damage for study
by positron annihilation spectrometry by the Materials
Science Branch.

A theoretical study of electron backscattering was under-
taken.

- Electron beam profiles in air were measured to test a
possible method of using multiple scattering to determine
beam profiles at high currents.

- Computer model development to understand the observed loss
in shunt impedance at high power continues.

Calculations confirm the observed advantages of radial
cooling in accelerator structures.

- A continuation of beam cavity interaction studies has
resulted in identification of modes in complex geometries.
This will be important in anticipating results from the
beam cavity interaction experiment.

c) Neutron Yield Determinations

- Thick target neutron characteristics were calculated for
(p,xn) reactions in materials commonly used in spallation
neutron sources. The results for Ta agree well with more
limited calculations made at ORNL.
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1.3 Solid State Physics

Effects due to over-rolling in a .7.ircaloy
pressure tube have been observed by neutron diffraction
measurements. Quantitative information was obtained about
the average strain in the tube walls.

Small angle neutron scattering (SANS) measure-
ments were used to explore the size and shape of several
biornolecular toxins, of two forms of superoxide dismutase
(SOD) and of a subunit of earthworm hemoglobin. The
relative fraction of monomer and dimer molecules present in
solution werre also explored in the first two experiments.
The effects of Co irradiation on SOD were also examined
with SANS.

The temperature dependence of positron
annihilation in o-thorium showed three distinct regions
between 20°C and 1250°C. In the high and low temperature
regimes the dependence shows an unexpected form.

The temperature dependence of the correlation
length has been derived from powder diffraction measure-
ments of the MncZn^_cTe alloy with c=0.565. For this
alloy, it reaches a limiting value close to the spin-glass
temperature, but this may be a fortuitous effect. The
neutron scattering from an alloy with c=0.594 showed no
magnetic field dependence, independent of whether the
sample was cooled in small or large fields.

Solitons were observed as propagating modes in
CSC0CA3, similar to those observed previously in the
analogous bromide compound. Measurements of the magnetic
field dependence of the neutron scattering are in progress.

1.4 Applied Mathematics and Computation

From a mathematical model devised by V.F. Urbanic
for the diffusion of hydrogen in pressure tubes in power
reactors and experimental data, a statistical analysis has
been developed to estimate the variance of hydrogen
concentration as a function of time. This estimate yields
a prediction of the number of pressure tubes that will
attain a critical level of concentration and hence be
subject to cracking.

New versions of the stress analysis programs MARC
and STARDYNE and the pipe stress analysis package TPIPE
were acquired and installed after appropriate testing.
MARC has been used for magnetic field calculations in a
highly non-linear problem for Nondestructive Testing
Development Branch, and in a model for the deformation of
pump seals for Mechanical Equipment Development Branch.
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An investigation of the applicability of inter-
polation using rational functions to problems which do
not yield to successive polynomial approximation
techniques has been undertaken.

Assistance has been given to a group at AECL-EC
in the installation of the Ontario Hydro heat transport
code SOPHT at the CRNL Computing Centre. This code is
widely used for reactor, boiler and heat transport system
simulations.

Miscellaneous programs and subroutines
developed or modified during the quarter included:

tho GRAAS program for analysis of fuel defect
experiments was modified to use an improved version of
NL2SOL for spectrum fitting

- Computing Centre versions of the components of the
nuclear physics data analysis program ALLONE have been
written

- programs for the storage and retrieval of
radioactivity measurements of water sources around
CRNL are being set up for Environmental Research
Branch

an improved algorithm has been incorporated in the
subroutine RADCURV, used for fitting radius and centre
of curvature

- two programs added to the collection of FORTRAN
program conversion aids are LINK, which locates and
cross-references subroutine calls, entry points and
function names, and FORMATS, which locates formats for
output of Hollerith text which (may) require manual
modification.

Resource accounting and job scheduling
algorithms for the CDC 6600/175 system were revised. The
new resource utilization measurement more accurately
reflects the impact of a job on the system, particularly
for programs which are predominantly file manipulation as
opposed to computational codes. The revised scheduling
rules are designed to reduce the number of very large
jobs existing during prime time and thus improve day-time
turnaround for shorter or more urgent work.

A set of routines has been prepared, using
FORTRAN 5 on the CDC CYBER 170/720 to handle many of the
common requirements of interactive programs which prompt
for input and perform some form of editing or validation
of data entered in response to prompts. A program,
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FPRINT, has been prepared for use on the 720; this program, for
display of files at interactive terminals, contains many of the
3300 DISPLAY features, and currently will handle display code and
ASCII files. CDC "6/12 display code" files, and transparent, or
terminal image, files.

The algorithm used to select permanent files to be
archived in order to free up disc space has been modified to
give more weight to file size, as well as age and frequency of
use. A major re-working of the program which analyzes the,
6600/175 dayfiles to extract resource usage information has
begun.

Usage of the CDC 6600/CYBER 175 during the quarter was
as follows:

Percentage of Percentage of
Number of Jobs Total Utilization

Corporate Head Office
Radiochemical Company
Chemical Company
Engineering Company
WNRE

CRNL:
Computing Centre
Contracts
Technical Information
& University Relations

Health Sciences
Chemistry & Materials
Physics
Electronics, Instrumentation
& Control

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

0.70
0.36
0.84
24.54
1.83

23.38
0.81

0.44
3.45
2.59
6.44

0.70

14.42
10.54
0.65
2.14
2.58
0.01
0.06
0.83
2.49
0.10
0.08
0.01

0.76
0.18
0.18
30.55
2.44

10.05
0.34

0.33
1.74
6.03
10.80

0.74

14.07
10.1.
0.16
3.21
5.30
0.00
0.08
0.25
2.55
0.00
0.01
0.00
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NUCLEAR PHYSICS BRANCH

(Report compiled by J.S. Geiger)

2.1 Staff

2.2 Bending of High Energy Proton and Pion Beams by Bent
Single Crystals of Silicon

2.3 Parity Violation in the Photodi^integration of
Deuterium

2.4 Prompt Response of BGO and Nal(m£) Detectors to Fast
Neutrons

2.5 Gamma-Ray E2 Transition Strengths for s-d Shell
Isobaric Triplets

2.6 The Transient Magnetic Field for High Velocity Z8Si
Ions Recoiling in Magnetized Fe

2.7 The Lifetimes of 26A*">, 34C£, 38K"i and 50Mn

2.8 Precision Q-Value Measurements

2.9 Measurement of (3He,p) and (3He,t) Angular
Distributions About 0°

2.10 Direct Mass Measurements of Unstable Nuclei with the
CRNL Isotope Separator

2.11 The Q-Value of l63Dy(3He,t)*63Ho - A Feasibility Study

2.12 Transient Magnetic Fields at High Recoil Velocities
Determined by Coulomb Excitation of 207Pb with 136Xe
Beams

2.13 On the Origin of Transient Fields for Heavy Recoil
Nuclei

2 O f]

2.14 Transitional Behaviour in Th

2.15 MP Tandem Operation

2.16 Ion Source Development for the Isotope Separator

2.17 Isotope Separator Resolution

2.18 Isotope Separator Operation

2.19 Recommissioning of the 7r/2 Beta-Ray Spectrometer for
the Neutrino Mass Experiment
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157Cs International Comparison

57 Co Standardization
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Standards Issued

Data Acquisition System for Radioisotcpe
Standardization Section - Status

Miscellaneous Services

Target Preparation Laboratory

A Miniature Chamber for Transient Field Measurements

Position Sensitive Ionization Chamber

Design Parameters for an ' 3ir' Spin Spectrometer

University Users' Group

Progress on the Injection Beam Line for the
Supercondactinig Cyclotron

CAMAC Orders for TA3CC
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Modules
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TASCC System Variables
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Laser Magnetic Resonance

Electronics fTor Multi-Wire Proportional Counter for the
Neutrino Mass Experiment
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2.44 Multi-Wire Proportional Counter for the Neutrino Mass
Experiment

2.45 Data Acquisition System for the Neutrino Mass
Experiment

2.46 Dependence of Specific Energy Loss on Target Thickness:
14O - C

2.47 Search for Preequilibrium Stopping for *He Ions in
Thick Carbon Foils

2.48 Radiation Damage in a Bent Silicon Crystal

2.49 Publications, Reports and Lectures
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2.1 STAFF

Branch Head:

Professional Staff

J.C.D. Milton

Technical Staff

SECTION I

J.C
T.K
H.R
G.C
E.T
W.G
J.S
J.C
0.
D.
A.B
H.
K.S
0.

,,D. Milton
. Alexander
. Andrews
. Ball
.H. Clifford
. Davies (2)
. Forster
. Hardy
Hausser
Horn
. McDonald
Schmeing
. Sharma (4)
Ward (5)

SECTION II

Co

R.L
J.S

. Graham

. Geiger

Accelerator Group

(1)

Computer Control Group

N.C
R.L
L.H
P.
J.L
J.J
A.S
P. J
J.P
W.L
F.J
M.J
M.G
E.C
J.S

. Bray

. Brown

. 3ucholtz
Dmytrenko
. Gallant
. Hill
.C. Hyde
. Jones
.D. O'Dacre
. Perry
. Sharp
. Shea
. Steer
. Waito
. Wills

R.E. Howarda)
W.F. Slater
R.B. Walker

Radioisotope Standardization
Group

J.S. Merritt (6)

D. Crozier (3)
G.R. Edwards (9)
M.L. F-ron (10)
J. Gascon (11)
D.A. Gwartzman (16)

Students

R.H. Martin (7)
L.V. Smitha'
A.R. Rutledgeb)

V.T. Koslowsky(12)
M.A. Sivilotti(13)
D.N. Standis'n (14)
G.F. Syms (15)

Laboratory Services and Workshop

A.R. Sprake
R.W. Stalkie

Secretarial Staff

D.L.
R.J.

Brookes
Elliott
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(1) Joined AECL 1982 May 1.

(2) Returned from leave of absence at Scanditronix,
Uppsala, Sweden 1982 June 2.

(3) Research Associate attached from the university
of Toronto and Queen's University.

(4) Post doctoral fellow.

(5) On leave of absence at The Australian National
University, Canberra, Australia.

(6) Terminated 1982 May 31.

(7) Transferred to Neutron & Solid State Physics
Branch 1982 May 31.

(8) Local summer student; arrived 1982 April 30.

(9) Summer student; arrived 1982 May 12; transferred
to Neutron & Solid State Physics Branch
1982 May 31.

(10) Summer student; arrived 1982 April 27.

(11) Summer student attached from University de
Montreal; arrived 1982 May 10.

(12) Graduate student attached from the University of
Toronto.

(13) National summer student; arrived 1982 May 3.

(14) Waterloo Co-op Student; terminated 1982 April 30.

(15) Waterloo Co-op Student; terminated 1982 April 27.

a)Also has responsibilities in Section I and II.
k^l has responsibilities in Section I.
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2-, 2 Bending of High Energy Proton and Pion Beams by Bent
Single Crystals of Silicon
J.S. Forster with I.V. Mitchell (Solid State Science
Branch), S.I. Baker and R.A- Barrigan, Jr. (Fermilab),
W.M. Gibson, I.J. Kim, M. Pisharody, S. Salmon
and C.R. Sun (SUNY, Albany), P. Siffert (CRNS,
Strasbourg), E. Tsyganov (Dubna)

The Albany/Chalk River/Dubna/Fermilab beam
bending experiment at Fermilab, begun in January 1982
(PR-P-133: 2.3; AECL-7683), was continued for a further
250 hours (2-1/2 weeks) beginning April 15 and measure-
ments on Si crystals were completed successfully.

Bending of positive particles was observed
for (111) and (110) planes. The fraction of channeled
particles which emerged, after the full bending angle,
was measured for beam momenca of 12, 30, 60, 120 and
180 GeV/c and for bending angles up to 28 mrad. The
bending of axially channeled (<110> axis) particles was
also studied for 60 and 180 GeV/c.

A search for axial and planar bending of
negative pions, at 60 and 180 GeV/c, was also made but
very few particles were observed in these angular
distributions.

Most of the measurements were made using a
three point bending device which results in a parabolic
curvature of the crystal. Several measurements were
also made using a four point bending device which has a
constant (circular) curvature in the region between the
two inner bend points. For a given bending angle, the
four point device resulted in a larger transmitted
fraction of channeled particles; this is attributed to
the threefold larger effective radius of curvature for
the four point device.

Data analysis is in progress at Albany, Chalk
River and Fermilab.

2.3 Parity Violation in the Photodisintegration of
Deuterium

A.B. McDonald, J.J. Hill, E.T.H. Clifford with
E.D. Earle, R. Deal and F. Rozen (Neutron and Solid
State Physics Branch) and S. Kidner (Accelerator
Physics Branch)

An experimental run is in progress at the
Electron Test Accelerator (ETA) to test two prototype
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neutron detectors (BlC's) (PR-P-134: 3.23), a beam
position monitor and a bremsstrahlung radiator. The
radiator consists of 0.4 mm of Ta, which degrades the
electrons by 1 MeV, followed by H20 and At. In
addition, a variety of possible sources of systematic
error are being investigated.

The BIC's were tested under planned operating
conditions, i.e. behind a 5 cm thick Pb wall, using the
Ta radiator and a 60 cm long by 60 cm diameter D2O
reservoir. They were found to have neutron and gamma
ray sensitivities as calculated, with the neutron in-
duced current being 10 times the gamma induced
current. Noise spectra from the detectors contained
peaks due to microphonics and a frequency independent
background which varied with output current. The
microphonics are primarily near 60 Hz and will not
interfere at the planned polarization reversal fre-
quency of about 30 Hz.

The tantalum target assembly must be modified
to avoid Ta-Ni welds. The present assembly worked
satisfactorily after vacuum leaks were sealed and
withstood current densities as high as 100 W/cm . As
expected, a comparison of the bremsstrahlung spectrum
from the target as compared to the normal Cu beam stop
gave a significant reduction in low energy y rays
relative to y rays above 2 MeV. The thermal
neutron flux on the surface of the D2O can was
4 x 10 n-cm~-2>s~--roA~lof electron beam as
measured with Au foil activation in agreement with a
Monte Carlo calculation.

The sensitivity of the apparatus to beam
position motion was measured by purposely modulating
the beam at 20 Hz in the horizontal plane and observing
the amplitude of the 20 Hz signal in the summed outputs
of the two BIC detectors symmetrically placed on either
side of the target. The observed sensitivity of
2.6 x 10 per cm is sufficiently low that control of
average beam position and amplitude with resonant-
cavity beam-position monitors during the final experi-
ment should be adequate to reduce this systematic
effect to a negligible level.

The polarized electron source has now been
moved 1-0 ETA and polarized beams have been accelera-
ted. .*, gamma-ray linear polarimeter system has been
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tested, consisting of two 7.5 cm x 7.5 cm NaI(T£)
detectors and one 5' cm x 5 cm Nal(TA) detector as a
Compton scatterer. This system is in place at ETA and
will be used to search for a dependence of bremsstrah-
lung linear polarization on the polarization of the
incoming electron. Such a dependence is zero in the
first Born approximation but has never been calculated
at higher orders. A finite dependence could produce a
systematic contribution in the experiment if the
detector efficiency is asymmetric.

The CAMAC based, LSI/11 data acquisition sys-
tem is operational and a basic data acquisition program
has been developed that reads up to 32 CAMAC sealers
and outputs data to a high speed magnetic tape unit.
Other electronic modules necessary for data acquisition
have been fabricated and tested (see PR-P-134: 3.24).

2.4 Prompt Response of BGO and Nal(Tfc) Detectors to Fast
Neutrons

0. Hausser, T.K. Alexander with M.A. Lone (Neutron and
Solid State Physics Branch) and J. Gascon (University
de Montreal)

We have measured the efficiency of two
bismuth germanate (BGO) detectors (7-6 cm in diameter
by 7.6 cm long and 5.1 cm in diameter by 5.1 cm long)
and of a Nal(TJl) detector (7.6 cm in diameter by 7.6 cm
long) to fast neutrons in the energy range from 0.4 MeV
to 10 MeV. Monoenergetic neutrons were produced by the
Li(p,n) reaction using a pulsed proton beam at ener-

gies between 4.2 and 12 MeV. Neutrons were separated
from gamma rays by time-of-flight using a 3 m long
flight path. The contributions from neutrons scattered
from the floor and walls, and from room-background
gamma rays were determined in separate runs by blocking
the direct line-of-sight between target and detector
with iron-masonite blocks (see M.A. Lone et al., Nucl.
Instr. & Meth. ̂ L43_ (1977) 331).

The background-corrected energy distributions
are well explained by (n,n'y) cross sections for Ge,
Bi, Na and I, respectively. The measured neutron
efficiencies are shown in Fig. 2.4.1. Also shown are
data points obtained with the continuous neutron
spectrum from the Au(p,n) evaporation reaction. The
efficiencies are relative to that of a stilbene
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Fig. 2.4.1

Efficiencies of BGO and Nal(TA) detectors versus
incident neutron energy. The solid dots represent
absolute measurements using known cross sections of the
7Li(p,n) reaction. The crosses represent data obtained
with an evaporation spectrum from the Au(p,n)
reaction and are relative to a stilbene detector of
well-known efficiency. The bottom panel shows the
ratio of efficiencies for cylindrical detectors of BGO
and NaI(T£) of equal dimensions (7.6 cm x 7.6 cm).
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detector whose neutron response was well known (M.A.
Lone et al., Nucl. Instr. & Meth. 189 (1981) 5.15). The
neutron response of BGO is much smaller than that of
Nal(TJl) below En = 2 MeV because of the small
density of levels below 2 MeV in 9Bi, whereas above
3.5 MeV the neutron responses are roughly the same.
Thus BGO provides a gamma-ray to neutron detection
ratio that is much superior to that of NaI(T£). The
neutron efficiency of BGO is found to scale roughly
with the square of the linear dimensions. These
results will help to estimate the neutron detection
efficiency of 4u gamma-ray detectors.

2.5 Gamma-Ray E2 Transition Strengths for s-d Shell
Isobaric Triplets

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

The transition strengths of the previously
poorly determined Tz = -1 members of T = 1 triplets
for the A = 26, 30 and, most recently, A = 34 nuclei
(PR-P-133: 2.7; AECL-7683) have been studied. Papers
have been written on the A = 26 (Phys. Lett. 113B
(1982) 132) and A = 30 (submitted for publication)
cases. A summary of our recent data on AT = 0, 21

++0i+

transition strengths is shown in Fig. 2.5.1 and shows
that the isoscalar strengths are less enhanced for
T = 1 than for T = 0 nuclei. The isovector
strength (e.g. half of the difference between /|M(E2)|2

for O and 18Ne, etc.) is large in A = 18, would
appear to be large for A = 22 from the systematics, is
small for A = 26 and only slightly larger for A = 30.

Recent results of J. Keinonen et al. (to be
published) and P. de Wit et al. (Phys. Lett. 113B
(3 982) 137) on lifetimes and gamma-ray branching ratios
for the 2i+ and 2 2

+, T = 1 levels in *6AJl and our
results for Si complete the gamma-ray data for the
2i+ •*• 0i+ and 2 2

+ + 0i+ transitions in A = 26.
p p

2.6 The Transient Magnetic Field for High Velocity Si
Ions Recoiling in Magnetized Fe
J.S. Forster, T.K. Alexander, G.C. Ball, D. Horn and
I.V. Mitchell (Solid State Science Branch)

The experiment to study the high-velocity
dependence of the transient magnetic field for Si in
Fe (PR-P-130: 2.4; AECL-7408) was analyzed in
considerable detail. From high resolution Ge(Li)
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spectra, taken at 0° to the beam direction, it was
2 e,realized that the 1.78 MeV Si y-ray had an underlying

component from the 1.86 MeV 63Cu gamma decay which
could amount to as much as 15% of the total yield.
Since we are looking for small changes in the rotation
of the angular correlation of the 1.78 MeV 28Si decay
gamma ray, it was felt that the presence of the 1.8 MeV
3Cu gamma ray could lead to incorrect conclusions

about the nature of the transient magnetic field for
high velocity Si ions.

We have repeated the measurement of the
rotation of the angular correlation using the experi-
mental setup as used previously (PR-P-130: 2.4;
AECL-7408) except that a 65Cu beam was used to Coulomb
excite the 28Si target instead of a 63Cu beam; the
advantage of the 65Cu beam is that we have no strongly
excited projectile levels which could give rise to
gamma rays in the region of the 1.78 MeV 28Si decay
gamma ray. The same geometry and targets were used as
in the previous experiment; however, the Ge(Li) detec-
tor at 0° subtended a much larger solid angle than in
the previous experiment resulting in more sensitivity
to contaminant gamma rays.

The target used to provide Si recoils in Fe
of average velocity 10 vo (vo = the Bohr velocity
= c/137) consists of 0.42 mg/cm2 of 28Si on 8.2 mg/cm2

annealed Fe on 0.34 mg/cm2 AJ.. To check for contami-
nant lines in the region of the 1.78 MeV 28Si line, the
target was turned with the hi side toward the beam and
the experiment repeated for both 63Cu and 65Cu beams.
Since 'Ai, has no decay gamma rays in the region of the
1.78 MeV 28Si gamma decay, this provides a check on
background problems with both this experiment using a
6 5Cu beam and the previous one (PR-P-130: 2.4;

6 3AECL-7408) using a Cu beam.

Data analysis is in progress.

2.7 The Lifetimes of 2 6AH m, 3"c&, 3 8K m and 50Mn

V.T. Koslowsky, E. Hagberg, J.C. Hardy, H. Schmeing,
K.S. Sharma, W.L. Perry, E.T.H. Clifford with
R.E. Azuma (University of Toronto) and H.C. Evans
(Queen's University)

Our program of measuring the weak-interaction
vector coupling constant from 0 + + 0 + beta transi-
tions requires a precise knowledge of each nuclear
half-life. We have remeasured the ti/2 of 26AS.m
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and 3 8 K m (see PR-P-132: 2.12; AECL-7605) and
measured the t]_/2 °f 3 * C 2. and 50Mn. The method is
identical to that described previously in PR-P-132:
2.12; AECL-7605 except that the 4n counter has been
equipped with two 0.5 mg/cm2 Ni foils, one on either
side of the implanted radioactive source. These foils
isolate the counter from electrical noise "picked-up"
by the aluminized mylar tape. Background measurements
proved that the addition of these foils completely
removed the noise bursts previously observed. At the
same time, there is no reduction in our efficiency for
observing real events.

The 3I*CA was produced by bombarding a 3
mg/cmz 12C target with a 110 pnA, 115 MeV 2eSi beam.
The product nuclei recoiled into a hot Nb catcher, were
reionized in the FEBIAD ion source and extracted into
the isotope separator. This is our first observation
of the short-lived (ti/2 = 1.5 s) 3"cn (g.s.) with
the on-line isotope separator.

The 5 °Mn was produced by bombarding a 2
mg/cm2 2"Mg target with a 40 onA, 117 MeV 32S beam.
The product nuclei recoiled into a hot graphite catcher
of the standard FEBIAD ion source. The counting rate
was relatively low, likely because the half-life of
50Mn (280 ms) is short compared to the "hold-up" time
in the separator ion source.

Final analysis is not yet complete, pending a
thorough investigation of possible systematic errors.

2.8 Precision Q-Value Measurements

V.T. Koslowsky, J.C. Hardy, E. Hagberg, H. Schmeing,
K.S. Sharma, E.T.H. Clifford with R.E. Azuma
(University of Toronto)

This is the last in a series of experiments
that have been aimed at determining relative 0 + +
0 + beta decay jft. values by precisely measuring
(3He,t) Q-value differences (see PR-P-123: 2.19;
AECL-6680) with the Q3D spectrometer and high voltage
target. Any further measurements of this type must
await the completion of TASCC Phase 2.

Part 1 of this experiment was a remeasurement
(see PR-P-133: 2.8; AECL-7fS3) of the
"aCa(3He,t)'t2Sc(g.s. ) and ''Fe( 3He,t) 5 HCo(g. s. ) Q-value



- 21 -

difference with three different targets. Remeasurement
of Q-value doublets with different targets is important
in order to test our corrections for target thickness
effects. We reduced such corrections to 100 eV by
averaging results from pai*.s of 0° and 180° target
rotations. These residual corrections can be calcula-
ted providing the target thickness is known. The
observed consistency of measured Q-values among the
several different targets confirms our procedures.

In Part 2 of this experiment, we measured the
26Mg(3He,t)26AS.*(0.228 MeV) and "*S ( 3He, t) 3 * C Jt (g . s . )
Q-value difference. A compound target consisting of
2sMg and AS,31|S was bombarded by an 18.7 MeV JHe + +

beam. The resultant tritons corresponding to the pro-
duction of 26A«*(0.228) and 3*C£ (g.s.) were observed
at 0° with separate 5 cm long surface-barrier position
sensitive detectors located on the Q3D spectrometer
focal plane. These two triton peaks could not be
peak-matched with our equipment because of the large
difference in reaction Q-values. However, at this beam
energy and angle, the 26AJ. tritons could be peak-
matched to deuterons corresponding to the 35Cs,(g.s.),
and the 31<CS.(g.s.) triton could^be peak-matched to
deuterons corresponding to isCl (1.219 MeV). When
both doublets are peak-matched concurrently, uncer-
tainties in the angle and beam energy become negli-
gible. Analyses of both Q-value doublet measurements
have not yet been completed.

2.9 Measurement of (3He,p) and (3He,t) Angular
Distributions About 0°

V.T. Koslowsky, J.C. Hardy, E. Hagberg, H. Schmeing,
K.S. Sharma, E.T.H. Clifford with R.E. Azuma
(University of Toronto)

Angular distributions about 0° have been
determined for many of the reactions used in our
"Precision Q-Value" measurements (PR-P-128: 2.12;
AECL-7234), PR-P-132: 2.7; AECL-7605). Because of the
finite acceptance angle of the spectrometer, this
information is required to precisely calculate Q-value
differences from the kinematics of these reactions (see
PR-P-123: 2.19; AECL-6680). The measured distributions
are all in agreement with angle independence out to 2°.

The effective angle of observation for a Q3D
opening angle of (0 ± 1.4)° is listed in Table 2.9.1
for several pertinent reactions.
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Table 2.9..I

Effective Angle of
Observation (degrees)

3Si(3He,p)32P(g.s.) 0.93 + 0.02
3Si(3He,p)32P (.078 MeV) 0.93 + 0.02

0.92 + 0.05
MeV) 0.93 + 0.05

0.92 + 0.01
MeV) 0 .922 + 0 .008

0.917 + 0 .005
MeV) 0 . 9 2 + 0 . 0 1

. - _ r _ . . - ' ( 1 . 0 6 MeV) 0 . 9 2 3 + 0 . 0 0 3
l l fN(3He,t) ^Ofg . s . ) 0.929 + 0.008

In addition to the uncertainties listed in
Table 2.9.1, there is a further ±0.03° common to all
reactions, which reflects an uncertainty in the size of
the Q3D entrance aperture.

2.10 Direct Mass Measurements of Unstable Nuclei with the
CRNL Isotope Separator
K.S. Sharma, J.C. Hardy, H. Schmeing, E. Hagberg,
V.T. Koslowsky, W.Ii. Perry, J.S. Wills with G.T. Ewan
and H.C. Evans (Queen's University)

The analysis of the 7l*Br - 73Br mass doublet
measurement (PR-P-133: 2.5; AECL-7683 and PR-P-132s
2.8; AECL-7605) is now complete. The bromine activity
at mass 74 corresponded purely to the 41.5 m isomer
( mBr) thus yielding the mass difference.

7t*mBr _ 73 B r _ 9 9 8 7 7 0 + 4 1 Q iiUi

A comparison value of 998 263 ± 240 MU may be
obtained from the difference of the ground state
masses (Wapstra and Bos, Nucl. Data Tables 1!? (1977)
177). Inasmuch as the isomeric state in ^Br is known
to lie between 135 and 255 keV above the ground state
(Lueders et al., Phys. Rev. Lett. Cll (1975) 1470),
these two numbers are seen to be in excellent
agreement.

A final on-line run was undertaken in April
during which an attempt was made to measure the spacing
of the doublet Br - Br. Analysis of these results
is in progress.
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2.11 The Q-Value of i63Dy (3He,t)163Ho - A Feasibility Study

V.T. Koslowsky, J.C. Hardy, S. Hagberg, H. Schmeing,
K.S. Sharma and E.T.H. Clifford

Recently, A. de Rujula (Nucl. Phys. 188B
(1981) 414) has proposed that the mass of the electron
neutrino could be accurately determined from the shape
of the internal bremsstrahlung (IB) spectrum associated
with nuclear electron capture (EC). Since the sensiti-
vity of the IBEC technique is greatest for low decay
energy, QEC' o n e °f the most promising candidates
suggested for this type of experiment is the 8-unstable
nuclide Ho. Its decay energy is quoted as 2.3 ± 1.0
keV (J.V. Andersen et al., Phys. Lett. 113B (1982) 72),
which is low enough but not precise enough to justify
an IBEC measurement.

We have performed an experiment to establish
whether or not the Dy(3He++,t) Ho Q-value could
be more precisely determined with the Q3D spectrometer
and our high-voltage target technique (see PR-P-123:
2.19; AECL-6680). Our intention was to measure the
outgoing triton energy with respect to inelastically
scattered (and charge-changed) He+ particles. No
identifiable triton peaks were observed in about an
hour of counting, presumably because the cross section
was too low. No inelastic He+ peaks were identified
either, but in this case partly as a result of high
He+ background in the region of the elastic peak.

The elastic He+ peak itself was too intense to be
observed with our usual solid-state positior-sensitive
detector.

We conclude that the *63Dy(3He,t)l63Ho
Q-value cannot be measured by this method.

2.12 Transient Magnetic Fields at High Recoil Velocities
Deter
Beams
Determined by Coulomb Excitation of ^O/Pb with L Xe

O. Hausser, H.R. Andrews with P. Taras (Universite de
Montreal), R.M. Diamond, E.L. Dines, M.-A. Deleplanque,
A. Macchiavelli and F.S. Stephens (Lawrence Berkeley
Laboratory)

We have determined the transient magnetic
field for Pb in ferromagnetic gadolinium (T = 77 K)
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in the previously unexplored velocity region
6 vo < v < 10 vo. Targets of 1.3 mg/cm Pb were
Coulomb excited by beams of 610 MeV Xe from the
Berkeley SuperHILAC. The Pb recoils traversed Gd
layers of two different thicknesses (8.3 mg/cm and
13.2 mg/cm , respectively) and were stopped in thick
backings of copper.

The transient Eield effect e o for the
5/2~ -»• 1/2" transition in Pb is shown in Table
2.12.1. These results together with a previous
measurement at low recoil velocity (see PR-P-133: 2.17;
AECL-7683) were fitted assuming a g-factor of
g(5/2~) = 0.303 ± 0.017 and an expression for the
transient field, B(v,Z) = aZ v/vo exp(-3v/vo). The
best fit value, a = 28.0 ± 1.8 tesla for 0 = 0.135,
g = 0.135 - 0.03, are in excellent agreement with our
low-velocity 1 6 9Tm results (a = 29.0 ± 1.8 tesla at
3 = 0.135 and B = 0.135 ± 0.030 (0. HSusser et al., to
be published)). They imply that the transient field
between 6 vo < v < 10 vo remains either constant,
or drops slightly at the high-velocity end of the
range. The observed behav^.mr of the transient field
over a very wide velocity range provides valuable
constraints to possible explanations of the transient
field mechanism for heavy recoil nuclei. The new,
high-velocity region can now be exploited for
measurements of nuclear g-factors making use of inverse
heavy-ion reactions.

Table 2.12.1

Transient Field Effects in 2 0 7Pb

Initial Exit Recoil Effective
Recoil Velocity Gd
Velocity Thicknesse>
[vo] [vo] [mg/cm ]

Transient
Fielda)

Effect eo
d>

Average
Transient

Field
[kilotesla]

10

10

4

. 3

. 3

.97

6

3

2

.0

. 4

. 4 0

8 .

1 3 .

5 .

30
31

15

7.44±1.13b> 5.44+0.83

18.48±1.76b> 6.77±0.64

7.32±0.54c> 4.75±0.35

a) observed in an idealized point detector at Qy = 65°
to the beam

b) obtained with a 610 MeV Xe beam from the LBL
SuperHILAC

c) obtained with a 230 MeV Cu beam from the Chalk River
MP tandem

d) for definition cf. Nucl. instr. & Meth. 169 (1980) 539.
e) effective thickness is slightly (*2%) larger because of

the finite range of recoil angles
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2.13 On the Origin of Transient Fields for Heavy Recoil
Nuclei

O. Hausser, H.R. Andrews with P. Taras (Universite de
Montreal)

The transient fields for heavy recoil nuclei
are now well known over a wide velocity region but even
a qualitative understanding of the underlying mechanism
is not yet at hand. For * 9Tm recoils in Gd we have
estimated several basic variables which are listed in
Table 2.13.1. They are: vns, the velocity of an
electron in the ns shell; qeff, the effective charge
of a recoil with velocity v = vns (at this velocity
the largest fraction of single ns-electrons is
expected); Bns, the magnetic field produced by a
completely polarized ns electron; B^c, the magnetic
field produced by direct capture of 4f electrons from
Gd. The fields from direct capture are more than an
order of magnitude smaller than the observed ones (̂  5
kT). It appears likely that two-stage processes are
responsible for polarization of the inner-shell single
ns electrons. One of these, the capture of 4f elec-
trons into outer shells, and subsequent polarization of
the unpolarized inner-shell electron by a spin-spin
interaction, was shown to be sufficiently strong that
it could take place during the inner-shell vacancy
lifetime of «/• 10~lss. Such a mechanism is also
qualitatively compatible with the observed weak
dependence of the transient field on recoil velocity.
A detailed paper has been written.

2.14 Transitional Behavior in 22°Th

D. Horn with G. Dracoulis, A.P. Byrne and C.H.
Fahlander (Australian National University)

Analysis of Y~Y coincidence data obtained at
the Australian National University from the reaction
2°8Pb(s?0,5n)22°Th has begun. Fission competes over-
whelmingly with this reaction, and it was found in an
experiment at the Chalk River tandem (PR-P-132: 2.18;
AECL-7605) that there were no high-lying isomers
sufficiently long-lived to allow separation in time of
gamma-ray cascades from the prompt fission background.
Accordingly, it was necessary to extract gamma-ray



Table 2.13.1

Quantities Relevant to a Discussion of the Transient Field for Tin Recoils in Gadolinium

Orbit

Is

2s

3s

4s

5s

Binding
Energy
in Tm
[kev]

59.75

10.21

2.35

0.49

0.065

vns/vo

66

27

13

6

2.2

Number ofa'
Less Bound
Electrons

63

66

53

40

22

clef£a)
at v = vns

38

19

7

b)
Bns(Z=69)

[kilotesla]

6730

920

200

48

7

Bdc

[kilotesla]

0.001

0.014

0.38

1

i

a^The difference between the numbers in these columns suggests that many electrons are
in excited states.

b)contact field for a single ns electron in the neutral atom, calculated from
relativistic electron densities

c'transient field estimated from direct capture of 4f electrons into as vacancies.
Capture cross sections tfere calculated by the Brinkmann-Kramers equations.
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intensities, anisotropies, and branching ratios from
the y-y coincidences observed between a Compton-
suppressed Ge(Li) detector and a low energy photon
spectrometer (LEPS) or another Ge(Li). This leaves
many ambiguities in the relative ordering of the
transitions. However, preliminary results indicate a
cascade of stretched quadrupole transitions, mostly
around 400 keV in energy, crossed over by low energy
dipole transitions of roughly half this energy. The
level pattern and the branching ratios between the X=l
and A=2 transitions are similar to the behavior recent-
ly observed in another N = 130 nucleus, 218Ra
(J. Fernandez-Niello et al. preprint (1982) U. Munich),
which is intermediate between the aligned single
particle nature of the N = 128 yrast levels and the
rotational nature of the more neutron-rich isotopes of
the same elements.

2 .15 MP Tandem Operation

J.C.D. Milton

The MP tandem was officially shut down
Friday, May 7 (but actually ran till Monday morning) to
prepare for the installation of the superconducting
cyclotron. Although the operating time this quarter
was short, it is perhaps fitting that the availability
(Table 2.15.1) was, by a slight amount, the best since
the voltage upgrading in 1972. (The previous high was
77.3% in 1979.) The unscheduled shutdown was
occasioned by a failed belt drive on the terminal 400
Hz generator.

During the five weeks of operation, 8 experi-
ments were performed, mostly on ISOL, involving CRNL
and 4 visiting scientists. The visitors participated
in experiments occupying 69% of the time and to which
they contributed 55% of the effort.

Table 2.15.1

MP Tandem Availability 1 April - 7 May

Hours
Beam Available
Scheduled Shutdown
Unscheduled Shutdown

750
149

61
~960~

78
15

6
100

. 1

. 5

. 4

. 0
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In the 14 years since records have been kept,
the tandem has provided an experimental beam for 65,656
hours. After the voltage upgrading the beam availa-
bility slowly increased from about 53% in 1973 to 75%
or better in 1982, but perhaps more importantly, un-
scheduled down time decreased from 25% to less than 5%
over the same period. The number of visitors per
quarter has increased slowly from around 8 to 14 and
their "participation" has increased steadily from 20%
to nearly 40%.

After shutdown the tubes were quickly removed
from the tandem and stored in the basement. Sub-
sequently a column member was found damaged and
returned to HVEC (Burlington) for repair. The repaired
member has been re-installed and voltage tests on the
column are about to begin.

2.16 Ion Source Development for the Isotope Separator

H. Schmeing, J.S. Wills, J.C. Hardy, E. Hagberg,
V.T. Koslowsky, K.S. Sharma and G.T. Ewan (Queen's
University)

The development of the He-jet ion source
(PR-P-133: 2.27; AECL-7683) reached its preliminary
conclusion with the first on-line run, directly pre-
ceding the accelerator shutdown. The test was highly
successful, which makes the separator ready, after its
move to Room 113, to accept the first TASCC beam.

The source combines three features that makes
it unique: (i) it has an exit to entrance orifice
ratio of 30, versus a conventional ratio of 1; (ii) it
has a high cold spot temperature with well-shielded
cold spots; (iii) because of its Bernas type extrac-
tion geometry it can handle high mass throughput
(helium as well as aerosol fragments) without destroy-
ing the excellent resolution of the separator, prior
to the on-line run, two versions of the source were
tested, one with an open wire filament designed for
simplicity, and one with a cathode cylinder heated
by electron bombardment designed for long cathode
life. Both versions performed almost equally well,
producing 2 to 3 mA or Argon. For the on-line run the
wire filament version was selected because of its
simple operating characteristics.
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The spark arrester needed for this source
(PR-P-131: 2.22; AECL-7510) was completed one week
before the on-line run and carefully tested. It
consists of 48 grids (diameter of the open area 18.0
cm), grouped in pairs across twelve step-down gaps.
The pressure drop across the grid system is about a
factor of two in the flow range between 1 and 400 std
cm /s of helium. Paschen curves were measured for each
gap separately as well as for the whole system. The
array performs flawlessly up to 60 kV at flow rates up
to 120 std cm /s. At higher flow rates a discharge
between ion source and extraction electrode developed,
preventing a test of the performance limit of the spark
arrester.

In the on-line run, the target chamber (at
T5) was held at ground potential. Magnesium targets
were bombarded by a He beam. Reaction products
recoiled into 102 kPa of helium, which was saturated
with NaCJt aerosol. The products stopped in the gas and
were swept into the ion source through a 7 m long
teflon capillary (1.70 mm i.d.) which was joined to a
0.80 m long steel capillary (0.76 mm i.d.). The
skimmer hole in front of the source was 1.0 mm in
diameter; a side jet was used to reduce the gas flow
entering the source.

The activity Z5AJl was observed at a collec-
tion spot at the end of the beam transport line of the
separator. In order to determine the source efficiency
the rate of AS, collection with the separator was com-
pared to the amount of AA transported through an
identical capillary system into a special collection
chamber. This comparison yielded a source efficiency
of about 10% for A£, a value far above the yield
reported for other He-jet sources.

2.17 Isotope Separator Resolution

M.L. From, H. Schmeing and K.S. Sharma

In order to increase the precision of the
mass measurements at the on-line separator it is
necessary to understand the present limits of the
separator's performance. One parameter which possibly
limits the best resolution achieved so far, R = 20,000
(FWHM), is the energy spread from the ion source. The
gridded retardation system, which was designed
(PR-P-131: 2.20; AECL-7510) to measure this energy
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spread, is now completed, and first results are
expected before the separator is disassembled for
removal to its new location.

Another factor extremely important for the
evaluation of the system's performance is the magnetic
fringe field. The measurement of six integrals over
the real fringing field of the magnet is necessary (H.
Matsuda and H. Wallnik, Nucl. Instr. & Meth. TT_ (1970)
283) for a third order analysis of its ion optics. We
have now measured the fringe field distribution for the
entrance and the exit of the magnet. The numerical
analysis of these data is in progress.

2.18 Isotope Separator Operation

H. Schmeing, J.C. Hardy, W.L. Perry and J.S. Wills

The demand for separator time was extremely
high prior-to the accelerator shutdown on May 10.
Three on-line runs took place, totalling 14 days,
devoted to (i) the measurement of production rates of
31*C* r

 3 8K m, Z6A£m, and 50Mn; (ii) precision life-
time measurements of these activities; and (iii) a
direct measurement of the mass difference of the Br,

Br doublet. All remaining time was spent on imple-
mentation of the new He-jet ion source system, which
was successfully tested on-line, for the first time,
during the last four days that the accelerator was
available.

Since then, the separator has been available
only about 75% of the time due to intermittent power
and water shutdowns associated with TASCC construc-
tion. One week was taken for detailed measurement of
the main magnet's fringe fields, and two weeks were
used for the measurement of Paschen curves for each of
the gaps of the new spark arrestor for the He-jet
source.

2.19 Recommissioning of the TT/2 Beta-Ray Spectrometer for
the Neutrino Mass Experiment

J.S. Geiger, R.L. Graham, L.V. Smith and H.R. Andrews

While nearly all electronic control systems
associated with this facility (R.L. Graham et al.,
Nucl. Instr. & Meth. £ (196) 245) are vacuum-tube based
and obsolete in design, it has proven practical to
restore the degaussing circuits, including automatic
compensation for fluctuations in the earth's magnetic
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field, to fully operational status. Components have
been rearranged in an attempt to make their operational
relationship more apparent.

A transistorized power supply is being
installed to provide the spectrometer current and will
permit operation in the range 0 + 500 keV. The oil
diffusion pump of the vacuum system has been replaced.
Work has been started on repairs to the roof of the
building and to the air conditioning system.

2.20 Peripheral Controller Interface Units for the Neutrino
Mass Experiment

R.B. Walker and R.L. Graham

In order to facilitate spectrometer control
for the neutrino-mass experiment (PR-P-133: 2.2;
AECL-7683) a general digital board (GDB) will be
purchased from Nuclear Data Inc. (M.A. Lone et al.,
PR-P-134: 3.22; AECL-7773). This GDB can address up to
sixty independent peripheral controller (PC) interface
units.

A detailed design has been prepared for PC
interface modules appropriate to the requirements of
the neutrino mass experiment; these will be constructed
by the E.I.&P. Branch. Initially four PC modules will
be needed to control and monitor the beta-spectrometer
current and other facets of the experiment.

2.21 Half-Life of 137Cs by Matching Old and New Ionization
Chamber Measurements

A.R. Rutledge and J.S. Merritt

We have now collected Cs decay data with
our 4UY ionization chamber for twice as long as for our
previously reported value of the half-life
(AECL-6692). The last half of the data was taken with
our automatic sample changer and the first half was
corrected by a factor of 1.00532 to make it
compatible. Results from the two halves, fitted
separately, agreed very well. Fitted together they
gave a value of 10744 } 20 days for the half-life of

Cs. This is about 2.5% shorter than the mean value
of five other references; it must still be considered a
preliminary result as the collection period has been
only four years (0.14 of a half-life).
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2.22 137Cs International Comparison

J.S. Merritt, L.V. Smith and R.H. Martin (Neutron &
Solid State Physics Branch)

For this intercomparison, organized by the
International Bureau of Weights and Measures (BIPM),
the Physikalisch-Technische Bundesanstalt distributed
ampoules containing known masses of master solutions of
13 Cs and 137Cs to each participating laboratory.
Measurements made with the 4iry ionization chamber
before opening the ampoules gave specific activities of
639.0 ± 4.5 kBq.g-1 (17.27 ± 0.12 pCi-g"1) and
607.1 ± 4.3 kBq.g-1 (16.41 ± 0.12 pCi-g"1)
respectively at the reference date. The errors reflect
the total estimated uncertainty in the ion chamber
calibration. This Cs specific activity agrees with
that provided by the BIPM for use in the comparison,
638.6 ± 0.6 kBq.g-1 (17.26 ± 0.02 uCi-g"1).

Measurements were made with a Ge(Li) detector
to test for activity absorption on the ampoule walls
and impurities present in the Cs solution. The
effect of absorption was found to be _< 0.033% and of
impurities <_ 0.005% on the final Cs specific
activity.

Sixteen sources of 134Cs + 137Cs were pre-
pared from a combined dilution of the master solutions
to measure the 137Cs by the 4ir3-y efficiency tracing
method with 134Cs as the tracer. A total of 370 data
points were obtained from five separate counting runs,
using both wide and narrow y-channel windows, made over
a one week period. A preliminary calculation of the

7Cs activity from these results gives 606.5 kBg.g"
(16.39 uCi«g ) at the reference time.

An assessment of the uncertainties associated
with this activity will soon be complete.

2.23 57Co Standardization

A.R. Rutledge, L.V. Smith, J.S. Merritt and R.H. Martin
(Neutron and Solid State Physics Branch)

A new standard solution of this nuclide was
prepared, to replace the 1980 standard which has de-
cayed. The method used has been reported (AECL-7253).
Samples were submitted to the International Reference
Systems of BIPM and IAEA, and others were issued to
AECL laboratories for the calibration of counting
equipment.
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2.24 137Cs Distributed-Area Standards

R.H. Martin (Neutron and Solid State Physics),
L.V. Smith and J.S. Merritt

Sources of approximately 300 cm2 in area were
prepared from standardized solutions of l37Cs, for the
purpose of calibration and quality assurance testing of
hand and foot monitors. This work was done as a
commercial service to an outside group.

2.25 Standards Issued

J.S. Merritt, L.V. Smith, R.H. Martin (Neutron & Solid
State Physics) and A.R. Rutledge

s7Co Electronics, Environmental Research, General
Chemistry, Reactor Physics, Solid State
Science, System Materials, Health Physics,
Neutron & Solid State Physics, Nuclear
Physics, Queen's University, R.& I.S.

6cCo R.& I.S.

90Sr(8) WNRE

1°'Cd Environmental Research, Reactor Physics,
Electronics, Health Physics, WNRE

137Cs Institute de Recherche de 1'Hydro Quebec
(2 special standards)

157Cs R.& I.S. and WNRE

lS7Cs & "Co Environmental Authority

1 52Eu R. S, I.S.

2.26 Data Acquisition System for Radioisotope
Standardization Section - Status

J.S. Merritt, L.V. Smith, with R.H. Martin and
G.W.R. Edwards (Neutron & Solid State Physics Branch)
and C.E. Langlais and E.H. Williams (Design & Technical
Services Branch)

In the last quarter a Canberra Series 85
Multi-Channel Analyzer was purchased as the first phase
of a three-phase program to acquire a new data-
acquisition system for radioisotope standardization.
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The computer portion or second phase of the
data acquisition system has recently been ordered.
This portion consists of a Digital Equipment Corpora-
tion (DEC) 11/23 computer with 128K words of memory (16
bit word) with associated disk, video display, peri-
pheral interface, FORTRAN compiler, and RT-11 operating
system.

Work is progressing on the design of
associated interfaces to operate existing sample
changers utilizing some of the existing hardware and
yet-to-be-purchased CAMAC instrumentation. This will
be required to complete the third and final phase of
the data acquisition system.

Work has begun on the software for this
system and to this end a Data Acquisition System (DAS)
users manual is being prepared.

2.27 Miscellaneous Services

R.H. Martin

Three 55Fe, one 63Ni and three i25I sources
were prepared on various supports for Neutron & Solid
State Physics Branch. For the same group, ten counter
windows of approximately 5 cm in diameter were prepared
by laminating three or more layers of VYNS plastic to
produce film thicknesses from about 40 {g/cm to about
100 {g/cm2.

2.28 Target Preparation Laboratory

J.L. Gallant and P. Dmytrenko

Source preparation for neutrino mass measurement

A vacuum system was constructed to prepare
tritium sources. A 500 ampere power supply was also
built to evaporate the titanium absorbing layer by
resistance heating in a tritium atmosphere. This
apparatus is installed in a fumehood in Bldg. 250. The
initial runs will use a deuterium atmosphere so as to
allow the source thickness to be determined using the
2H( 3He,p) l*He reaction.

Work for other branches

A multi-layer neutron monochromator was pre-
pared for B. Powell of the Neutron & Solid State
Physics Branch. This was done by the resistance heat-
ing evaporation of uniform layers of iron arid
germanium.
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This work will be repeated in an effort to
improve the reflectivity of the monochromator by in-
creasing the thickness of the layers. Sputtering of
the iron and germanium might prove superior in pro-
ducing differently structured and more adhering films
than the ones produced by evaporation of these
materials.

Aluminum was evaporated on a Lucite ring for
the infrared heavy water analyzer. This work was done
for K.B. Hippola of the Electronics Branch.

Lead and tin targets were prepared for the
Solid State Science Branch.

Commercial Sales of C-14 targets

Several carbon-14 targets have now been
prepared and sold commercially. More recently two
carbon-14 targets, 400 vig/cm2 on 1 mg/cm2 gold backing,
were prepared for an experiment carried out at Los
Alamos.

A self-supporting carbon-14 target, probably
the thinnest ever made (30 to 40 pg/cm2) was prepared
for an experiment at Yale University.

2.29 A Miniature Chamber for Transient Field Measurements

N.C. Bray, O. Hausser and H.R. Andrews

The new era in transient field measurements
will require the reversal of magnetic polarizing fields
inside of 4ir gamma detectors (sum spectrometers,
crystal balls). Conventional magnets can no longer be
used because of excessive gamma-ray absorption in
magnet components, and because of space limitations. A
new chamber of 3 cm diameter has been designed that
contains a rotatable pair of REMCO 16 samarium cobalt
magnets. A non-rotatable, ^ 20 cm long cold finger
will permit use of ferromagnetic gadolinium at 77 K.

2.30 Position Sensitive Ionization Chamber

D. Horn, M.G. Steer and D.A. Gwartzman

Construction has begun on a large-area ion-
ization chamber with position sensitivity in two
dimensions and the ability to measure two differential
energy loss (AE) signals in addition to the total
energy, E, of heavy ions. This should allow particle
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identification and establishment of an approximate
velocity vector. The active surface area of the decec-
tor will be 400 cm2. Initially to be located at a
maximum radius of 35 cm in the proposed 1.75 m interim
scattering chamber (PR-P-133: 2.52; AECL-7683), the
entrance window would subtend 60° in the horizontal
plane (e) and 15° in the vertical (y) direction, which
is about 1/3 steradian. The anodes, AE1, AE2, and E,
are curved to equalize energy loss for all radial
trajectories. The position readout technique is large-
ly patterned on that of an existing chamber (U. Lynen
et al., Nucl. Instr. & Meth. 162 (1979) 657), and uses
a delay line coupled to a radial grid to give a 9 sig-
nal and the electron drift time from the point of
ionization to the Frisch grid to produce a y signal.
The depth of the chamber permits the stopping of ener-
getic fragments over an active range of 327 cm (32S at
25 MeV/A, for example, stops in one atmosphere of
isobutane).

2.31 Design Parameters for an ' 8TT ' Spin Spectrometer

O. Hausser with J. Gascon (Universite de Montreal)

We are studying the powerful combination of a
multi-segmented 4ir detector of bismuth germanate (BGO),
having an outer array of intrinsic Ge counters, each
situated inside an efficient BGO Compton-rejection
shield (effectively 4ir Compton rejection seems pos-
sible) as a possible future gamma-ray facility at the
SCC. Such an ' 8ir" spin spectrometer would make
possible novel and detailed studies of high-spin pheno-
mena, and of heavy-ion reaction mechanisms.

For the multisegmented BGO core two geomet-
rical options were considered: one consists of 62
cylindrical segments of three different radial dimen-
sions, the other of 74 detectors of the same hexagonal
shape. A total of twelve access/exit holes for beam
and Y rays are provided. The cylindrical shape is pre-
ferred because of better thickness uniformity at equal
solid angle.

The BGO Compton suppressor has as a novel
feature a 4 to 5 mm thick active entrance window to
suppress back-scattered Y rays without attenuating too
much the incident Y rays of * 1.3 MeV typical energy.
A 2-1/2" diameter BGO plug should allow numerical
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correction for y rays Compton scattered in the direc-
tion of the Ge cryostat. Contacts with manufacturers
of BGO crystals and intrinsic Ge have been established.

2.32 University Users' Group

J.C. Hardy, A.B. McDonald and J.C.D. Milton

An information meeting was held at CRNL on
June 18 and 19 for potential university users of
TASCC. A representative of each university or labora-
tory was specifically invited and all but one atten-
ded. In total, 14 outsiders and 20 CRNL staff attended
talks that described the TASCC facility and associated
experimental equipment; many toured the construction
site and the cyclotron.

During three hours of formal discussion, the
visitors expressed their views on TASCC as a users
facility. An executive committee under the chairman-
ship of Professor Hugh Evans (Queen's University) was
chosen. It will interact with CRNL in the future to
facilitate user participation in TASCC.

2.33 Progress on the Injection Beam Line for the
Superconducting Cyclotron

W.G. Davies, H.R. Andrews, A.S.C. Hyde, A.R. Rutledge,
K.J. Brown (Design and Technical Services Branch),
J.J. Hill and F.J. Sharp

The problem with the magnetic field homo-
geneity at the NMR location in BI1 and BI2 has been
solved and they will definitely be shipped the first
week of July.

Problems with the stability of the 20 and 50
kW dipole supplies have also been resolved. All power
supplies will be re-tested and shipment is scheduled
for the second week of July. All sixteen type LI quad-
rupoles have been mapped and will also be shipped
shortly along with seven of the small quadrupole power
supplies. The cabinets for the eight quadrupole
supplies that will be installed in the basement will
also be included in the above mentioned shipment.

The five type L5 (71 mm aperture) quadrupoles
have been mapped and the two type L6 will be completed
early in July. At least three of the large 9.4 kW
power supplies for these elements will be ready for
shipment with the dipole power supplies.

Prototypes of the beam diagnostic water
cooling system and the ion pump high voltage
distribution system have been built.



- 38 -

"Local device" interface units have been
built, tested and incorporated into the above mentioned
prototypes. Sufficient interface units are now on
order to complete Phase I.

2.34 CAMAC Orders for TASCC

R.L. Graham and R.B. Walker

An update on the status of recent CAMAC
orders for Phase I (previous report PR-P-133: 2.38;
AECL-7683) is as follows:

Item

SMC modules
(stepping motor
controller)

Additional
Required

75

Status

IGOR Modules
(Input-Gate/
Output-Register)

Serial Highway
Drivers (SHD)

Fibre-Optic
CJ-Port Adaptors

The 40 units delivered
on March 31 have been
tested, returned to the
factory for minor modi-
fications and are again
under test. This new
design is acceptable,

250 The pre-production wire-
wrap version was re-
turned to the manufac-
turer with suggested
changes. The first pro-
duction module has been
received and tests sat-
isfactorily.

4 A minor fault has de-
veloped in one of the
three original SHDs. A
fourth is on order.

15 The six expected last
August nave finally
arrived and been
tested. They perform
reliably at 2.5
Megabytes/s but not at
the advertised 5
Megabytes/s rate.

CAMAC crates 25 On order.



- 39 -

2.35 Calibration and Test Procedure for TASCC Scanning ADC
Modules '

M.A. Sivilotti, R.E. Howard, R.L. Graham and
R.B. Walker —

The program described previously (PR-P-133:
2.41; AECL-7683) has been improved and expanded to
include a calibration feature. Some minor modifica-
tions have been incorporated into both test modules
(PR-P-131: 2.35; AECL-7510) to make the calibration
procedure simple and straightforward. A users' manual
is in preparation.

2.36 Cable Tester CAMAC Module for TASCC

M.A. Sivilotti, R.B. Walker and R.L. Graham

A cable tester of Hahn-Meitner-Institut
design has been constructed and put into operation.
This CAMAC module has been specifically designed for
testing, under computer control, the hundreds of
50-wire cables that will be needed for connecting
devices to CAMAC modules. A test procedure has been
established and a users' manual is in preparation.

2.37 TASCC System Variables

W.F. Slater, R.B. Walker and R.L. Graham with N. Burn
and Y. Imahori (NRX Reactor Branch)

The system variables for the MP stripper-gas
valve were tested successfully during the first week in
May prior to the MP tandem shutdown. This provided the
operators with their first "hands-on" experience of
computer control via touch panel, knob and colour TV
monitor.

The 205 system variables needed for control-
ling and monitoring devices in the first of the new ion
cages have been named and defined (crate number,
module type, and station number, function codes, etc.)
and are being entered into the TASCC system variable
data base.

2.38 Tests on the BTS Faraday Cups

T.K. Alexander, D. Horn and J.J. Hill with Y. Imahori
(NRX Reactor Branch)

A Faraday cup of the type to be used in the
tandem-cyclotron project was tested with C ion beams
in a location just before the MP tandem image slits.
The tests showed that the heat transfer, electron sup-
pression and outgassing characteristics are satisfac-
tory. The highest power beam used in the test was 86 W
(6.9 pA of 50 MeV ^C1*4") .
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2.39 TASCC Electronics

J.P.D. O'Dacre, E.C Waito and M.J. Shea

The first CAMAC to fibre optic interface
module for controlling power supplies in the TASCC ion
injector has passed bench tests. It has been matched
with a suitable lens supply and passed to operations
branch to acquire operating experience controlling it
via computer.

All circuit diagrams for the radiation
detection alarm system are completed and the recent
acquisition of additional wiring assistance has
hastened assembly of the components. Eleven NIM base
units are wired, and seven of the fifteen signal
conversion modules required for Phase I are complete.

Changes are being made in the construction of
the ion injector inflection magnet power supply to re-
duce the space it requires. This consists of redesign-
ing the mechanical mounting of the power transformers
and switching to the latest available power transistors
to reduce the number required by a factor of two.

2.40 Relocation of Experimental Equipment

W.L. Perry, J.C. Hardy, N. Burn, O. Hausser,
H. Schmeing and J.S. Wills

The work to remove pedestals, quadrupoles,
beam transport lines, cables, and associated plumbing
in target rooms 1, 2 and 3 has commenced. Pedestals
L70B, L5 and Lll have been retained with quadrupoles in
place for use at the temporary target position. The
remaining quadrupoles have been removed from the pedes-
tals and sent to Bldg. 523 for storage. All the
concrete pedestals will be in outside storage wrapped
in special plastic. The four-inch beam tube and
associated fittings have been retained for future use.

The service lines contained in the floor
trenches have been disconnected and will be removed to
their source. All redundant cables have been removed
from the trays and disconnected at their source.

The orange spectrometer is being prepared for
removal of the Armco iron and coils for storage.

2.41 Isotope Separator Relocation

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

The relocation of the on-line isotope separa-
tor to room 113 in the new target area is scheduled to
begin in September. The greater distance between the
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new location and the control desk, which remains in the
control room, has necessitated some redesign of inter-
connecting wiring and circuitry. Final drawings will
be completed shortly by Plant Design Branch; cables are
being ordered.

Successful tests of the He-jet on-line ion
source (see PR-P-134: 2.16) indicate that the separator
can be used for experiments as soon as tandem or cyclo-
tron beams are available near room 113. Consequently,
we aim for the relocated separator to be operational
early in 1983.

2.4 2 Laser Magnetic Resonance

J.S. Geiger et al.

See PR-CMa-61: 3.3.2

2.43 Electronics for Multi-Wire Proportional Counter for the
Neutrino Mass Experiment

J.S. Geiger et al.

See PR-P-134: 3.19

2.44 Multi-Wire Proportional Counter for the Neutrino Mass
Experiment

J.J. Hill, R.L. Graham, J.S. Geiger et al.

See PR-P-134: 3.20

2.45 Data Acquisition System for the Neutrino Mass
Experiment

R.L. Graham et al.

See PR-P-134: 3.22

2.46 Dependence of Specific Energy Loss on Target Thickness:
:*O + C

H.R. Andrews et al.

See PR-CMa-61: 1.2.1

2.47 Search for Preequilibrium Stopping for *He Ions in
Thick Carbon Foils

H.R. Andrews et al.

See PR-CMa-61: 1.2.2

2.48 Radiation Damage in a Bent Silicon Crystal

J.S. Forster et al.

See PR-CMa-61: 1.2.2
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2.49 Publications, Reports and Lectures
a) Publications

LIFETIME MEASUREMENTS OP LEVELS IN 26Si AND THE RATIO
OF NEUTRON TO PROTON TRANSITION AMPLITUDES FOR MIRROR
NUCLEI
T.K. Alexander, G.C. Ball, W.G. Davies, J.S. Forster,
I.V. Mitchell and H.-B. Mak
Phys. Lett. 113B (1982) 132

QUADRUPOLE MOMENTS OF YRAST ISOMERS IN

O. Hausser, H.E. Mahnke, T.K. Alexander, H.R. Andrews,
J.F. Sharpey-Schafer, M.L. Swanson, D. Ward, P. Taras
and J. Keinonen
Nuclear Physics A379 (1902) 237

THE EFFECTS OF NOISE AND BUNCHER NONLINEARITIES IN THE
PRODUCTION OF VERY SHORT BEAM BUNCHES
W.G. Davies
Ninth International Conference on Cyclotrons and their
Applications
1981 CAEN (France) les editions de physique
Edited by G. Gendreau
p. 349

g-FACTORS OF HIGH-SPIN YRAST STATES IN Z32Th AND 238U
0. Hausser, H. Graf, L. Grodzins, E. Jaeschke,
V. Metag, D. Habs, D. Pelte, H. Emling, E. Grosse,
R. Kulessa, D. Schwalm, R.S. Simon and J. Keinonen
Phys. Rev. Lett, j ^ (1902) 303

THE CHALK RIVER ACCELERATOR DATING FACILITY
H.R. Andrews, G.C. Ball, R.M. Brown, N. Burn,
W.G. Davies, Y. Imahori and J.C.D. Milton
Proceedings of the 3rd International Conference on
Electrostatic Accelerator Technology held at the
American Museum of Science and Energy, Oak Uidge,
Tennessee, 1981 April 13-16, page 134.

THE LINAC-IKOR BEAM LINE
W.G. Davies
Realisierungsstudie zur Spallations-Neutronenquelle,
Teil III, 4.1.WD.1 (Teil II; 2.4.1 in German)

THE IKOR-TARGET BEAM LINE
W.G. Davies
Realisierungsstudie zur Spallations-Neutronenquelle
Teil III, 4.2.WD.1 (Teil II, 2.4.2 in German)
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b) Reports

BEAM DIAGNOSTICS FOR THE SUPERCONDUCTING CYCLOTRON
R.L. Graham and L.D.J. Hansen
TASCC-01-01, 1980 August

SCC CAMAC MODULE QUALITY CONTROL: IGOR TEST PROGRAM
MANUAL
L.D.J. Hansen, RoB. Walker, R.L. Graham, B.F. Greiner,
W. Busse, T. Kiehne, H. Kluge, Ch. Stahl and M. Stanek
TASCC-01-02, 1981 July

VICKSI-KS SOFTWARE ORGANIZATIONAL OVERVIEW
L.D.J. Hansen, R.L. Graham, B.F. Greiner, W.F. Slater,
R.B. Walker, W. Busse, T. Kiehne, H. Kluge, Ch. Stahl
and M. Stanek
TASCC-01-03, 1981 December

TRIP REPORT - INVESTIGATION OF GEC CANADA LIMITED AS A
POTENTIAL CANADIAN SUPPLIER OF CAMAC MODULES
R.L. Graham and R.B. Walker
TASCC-01-05, 1981 September

CAMAC MODULE QUALITY CONTROL: SPO TEST PROGRAM
J.B. Jones, L.D. Hansen, R.B. Walker, R.L. Graham and
B.F. Greiner
TASCC-01-06, 1981 January

A LOCAL VERSION OF RUNOFF: PDP-ll/RSX-11 MANUSCRIPT
FORMATTER
B.F. Greiner, L.D. Hansen and R.L. Graham
TASCC-01—07, 1981 March

SPECIFICATION FOR AN IGOR CAMAC MODULE
(INPUT GATE OUTPUT REGISTER)
R.L. Graham, R.B. Walker and L.D.J. Hansen
TASCC-01-08, 1981 October

A CAMAC INTERFACE FOR MP-TANDEM ION-CAGE CONTROL
R.L. Graham, L.V. Smith, J.S. Barsczewski, N. Burn,
B.F. Greiner, A. Helleboid, J.P.D. O'Dacre and
R.B. Walker
TASCC-01-09, 1980 February

VICKSI-KS SOFTWARE: DEXPAM PACKAGE
(Dynamic External PAge Mapping)
L.D. Hansen, R.L. Graham, B.F. Greiner, W.F. Slater,
R.B. Walker, W. Busse, T. Kiehne, H. Kluge, Ch. Stahl
and M. Stanek
TASCC-01-10, 1981 December

UNIVERSAL IGOR INTERFACE UNIT FOR USE IN THE TASCC
CONTROL SYSTEM
R.B. Walker, R.L. Graham, L.D. Hansen and R.E. Howard
TASCC-01-11, 1982 May
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VICKSI-KS SOFTWARE: SYSTEM VARIABLE DATA BASE
APPLICATION MANUAL
L.D. Hansen, R.L. Graham, B.F. Greiner, W.F. Slater,
R.B. Walker, W. Busse, T. Kiehne, H. Kluge, Ch. Stahl
and M. Stanek

TASCC-01-12, 1982 April
PROPOSAL TO PURCHASE TWO COMPUTERS FOR THE
SUPERCONDUCTING CYCLOTRON CONTROL SYSTEM
B.F. Greiner, R.L. Graham and W.F. Slater
TASCC-01-13, 1982 March

PROPOSED METHOD FOR USING UNIPOLAR POWER SUPPLIES IN
BIPOLAR APPLICATIONS
R.B. Walker and R.L. Graham
TASCC-01-17, 1982 March

DESIGN OF THE INJECTION SYSTEM FOR THE CHALK RIVER
SUPERCONDUCTING CYCLOTRON PROJECT
W.G. Davies and A.R. Rutledge
TASCC-02-01, 1979 July

SECOND ORDER ABERRATIONS ON THE TRANSPORT OF BUNCHED
BEAMS
W.G. Davies
TASCC-02-02, 1980 May

SPECIFICATIONS FOR BEAM TRANSPORT ELEMENTS FOR THE
CHALK RIVER HEAVY ION SUPERCONDUCTING CYCLOTRON PROJECT
PHASE I
W.G. Davies, A.R. Rutledge, R.L. Graham and
L.D.J. Hansen
TASCC-02-03, 1980 May

THE EFFECTS OF NOISE AND BUNCHER NONLINEARITIES IN THE
PRODUCTION OF VERY SHORT BEAM BUNCHES
W.G. Davies
TASCC-02-06, 1980 September

SPECIFICATIONS FOR THE NMR TESLAMETER SYSTEM FOR THE
CHALK RIVER SUPERCONDUCTING CYCLOTRON PROJECT
W.G. Davies and H.R. Andrews
TASCC-02-07, 1982 June

MINUTES OF MEETING 1981 OCTOBER 26 RE: CABLE TROUGHS
AND TRENCHES FOR THE SCC
J.S. Forster - Chairman
TASCC-09-01, 1981 November

NEW PARTICLE FACILITY FOR THE TANDEM-SCC
D. Ward
TASCC-12-01, 1981 August
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THE REMOVAL OF EQUIPMENT AND MATERIAL FROM ROOM 108A
G.C. Ball and J.C.D. Milton
TASCC-14-1, 1982 May

THE ORGANIZATION OF USER ACTIVITIES FOR THE
SUPERCONDUCTING CYCLOTRON. Minutes of Meeting held
Wednesday, February 10, 1982.
A.B. McDonald
TASCC-16-1, 1982 February

THE NEW CHALK RIVER HEAVY ION FACILITY: A TASCC FOR
THE 80's
G.C. Ball
TASCC-G-1, 1982 June

THE HEAVY ION SUPERCONDUCTING CYCLOTRON MP TANDEM VAN
DE GRAAFF ACCELERATOR
J.C.D. Milton, G.C. Ball, N. Burn, R.L. Graham and
J.H. Ormrod
TASCC-15-01, 1977 June

SAFETY INTERLOCK SYSTEM: MEETING OF 14 APRIL 1981
J.C.D. Milton
TASCC-15-03, 1981 April

SPECIFICATIONS OF DETECTORS FOR THE RADIATION
MONITORING SYSTEM OF THE CRNL SUPERCONDUCTING CYCLOTRON
J.C.D. Milton
TASCC-15-05, 1981 November

NEUTRON YIELDS FROM HIGH ENERGY HEAVY-ION BOMBARDMENT
OF THICK HEAVY TARGETS (Memo to G.A. Bartholomew dated
1981 December 4)
G.C. Ball
PASS-13-8

c) Lectures

FISSION FRAGMENT BLOCKING LIFETIME MEASUREMENTS
J.S. Forster
Invited talk at XII All-Union Conference on Interaction
of Charge Particles with Crystals, Moscow, 1982 May 31
- June'2.

RECENT STUDIES OF THE TIME DEVELOPMENT OF
HEAVY-ION-INDUCED FISSION THROUGH CRYSTAL BLOCKING AND
COMPOUND NUCLEAR X-RAY TECHNIQUES
J.S. Forster
The above talk given at Argonne National Laboratory,
1982 April 30; University of Cologne, 1982 June 9;
CRNS, Strasbourg, 1982 June 11, University of Catania,
.1982 June 15 and University of Bologna, 1982 June 16.
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INTRODUCTION TO FIRST ORDER OPTICS
W.G. Davies
Lecture to Scanditronix staff 1982 May 4.
EMITTANCE, ACCEPTANCE, BRIGHTNESS AND PHASE SPACE
W.G. Davies
Lecture to Scanditronix staff 1982 May 7.

PARTICLE RADIOACTIVITIES IN NEUTRON-DEFICIENT NUCLEI
J.C. Hardy
Abstract submitted to the American Chemical Society
meeting held in Las Vegas, CA. 1982 April 1.

LIFETIMES OF LEVELS IN 25Na, 26Mg, AND 27Mg
D.J. Fields, C.B. Chitwood Jr., and R.L. Kozub,
T.K. Alexander, G.C. Ball and J.S. Forster
Abstract submitted to the American Physical Society
meeting held in Washington, D.C. 1982 April 26-29.

ONSET OF COLLECTIVITY AT HIGH ANGULAR MOMENTUM IN 152Dy
B. Haas, P. Taras, D. Ward, H.R. Andrews and N. Rud
Abstract submitted to Europhysics Study Conference on
Nuclear Structure, Crete, Greece, 1982 June 28-July 2.

RECENT 11+C MEASUREMENTS WITH THE CHALK RIVER TANDEM
ACCELERATOR
R.M. Brown, H.R. Andrews, G.C. Ball, N. Burn,
W.G. Davies, Y. Imahori, J.C.D. Milton and W. Workman
Abstract submitted to 11th International Radiocarbon
Conference, Seattle, Washington, 1982 June 21-26.

EXPERIMENTAL APPROACHES TO HIGH-SPIN STATES
O. Hausser
Invited talk at Europhysics Study Conference on Nuclear
Structure, Crete, Greece, 1982 June 28-July 2.
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NEUTRON AND SOLID STATE PHYSICS BRANCH

(Report compiled bv B.M. Powell)

3.1 Staff

3.2 Neutron Diffraction Studies of Zircaloy Pressure Tubes

3.3 Sizes and Shapes of Naja naja oxiana (Cobra) Toxins in

Solution

3.4 Water of Hydration in 6-Methylpurine (6 met pur)

3.5 Small Angle Neutron Scattering from Superoxide Dismutase

(SOD)

3.6 Small Angle Neutron Scattering from Components of

Earthworm Hemoglobin

3.7 Temperature Dependence of Positron Annihilation in High

Purity a-Thorium

3.8 Magnetic Field Dependence of the Neutron Scattering from

3.9 Spin Correlations in MncZni_cTe Alloys

3.10 Propagating Domain Walls in CsCoC#3 in a Magnetic Field

3.11 Spin Waves in Uranium Telluride

3.12 Spin Excitations in Magnetic Chains

3.13 Neutron Spectrometer Control: the PLOT Package

3.14 Modelling of Molecules and Crystals in Terms of Potential

Functions

3.15 Bellows Thermal Switch

3.16 Reactor Beam-Hole Use

3.17 Thick Target Neutron Yields from (p,xn) Reactions

3.18 High Resolution Measurements of the Photofission Spectrum

of 238U near Threshold
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3.19 Electronics for Multi-Wire Proportional Counter for the

Neutrino Mass Experiment

3.20 Multi-Wire Proportional Counter for the Neutrino Mass

Experiment

3.21 Apparatus for Measurements of the Uniformity of the

Tritium Source for the Neutrino Mass Experiment

3.22 Data Acquisition System for the Neutrino Mass Experiment

3.23 BIC Detectors

3.24 BIC Signal Conditioning

3.25 Gas Counters

3.26 Solid-state Detectors

3.27 Glassblowing Services

3.28 Machine Shop Services

3.29 Parity Violation in the Photodisintegration of Deuterium

3.30 Prompt Response of BGO and Nal(TJl) Detectors to Fast

Neutrons
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1. Summer professor from University of Toronto, joined Branch
1982 June 7.

2. On leave of absence at Brookhaven National Laboratory
3. Summer student from University of Winnipeg, joined Branch

1982 May 3
4. Transferred from E.I.& P. Branch, joined Branch 1982 May 3,
5. Summer student from University of Windsor joined Branch 1982

May 3.
6. Summer student from University of Saskatoon, joined Branch

1982 May 4.
7. Summer student from University of Waterloo, joined Branch

1982 June 1.
8. Transferred from Nuclear Physics Branch, joined Brunch 1982

June 1.
9. Seconded from Design and Technical Service Branch.

This section was expanded on 1982 June 1, to include the
work previously performed by the Radioisotope Standardization
Section of Nuclear Physics Branch. On that date, the name of
Section III was changed to Nuclear Detectors and Metrology
Section.
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3.2 Neutron Diffraction Studies of Zircaloy Pressure Tubes

B.M. Powell, T.M, Holden and G. Dolling

Detailed measurements of the (0004) Bragg reflection
from the specially prepared section of Zircaloy pressure
tube (PR-P-133: 3.3; AECL-7683) have been made as a
function of distance from the stainless steel end-fitting
along the tube axis. The measurements were made with the
L3 spectrometer using a (331) Ge monochromator and 0.3°
collimation before and after the sample. The tube was set
on its end and measurements were made along two lines on
the circumference with an angular separation of 90°. In
each case the beam height was 3 mm and the width of cir-
cumference irradiated was » 15 mm.

In the free-end section (well away from the damaged
region) the average d-spacing was found to be 1.2860 ±
0.0004 A*, Within the over-rolled region a steady expan-
sion of the lattice occurs, with a maximum d-spacing of
1.2899 ± 0.0007 A at « 1.5 cm from the free-end of the
over-rolled region (2.5 cm width overall). The d-
spacing then decreases sharply to a value of 1.2835 A,
close to the position of the stainless steel end-fitting.

The intrinsic width of the (0004) peak also has a
characteristic dependence on position. Its greatest width
(Ad/d = 0.0116 ± 0.0005) was observed at the free-end of
the tube. In the over-rolled region Ad/^ falls steadily
to 0.0074 + 0.00051 and thence remains constant up to the
stainless steel end-fitting. Measurements on other Bragg
reflections are necessary to derive the strain tensor and
to differentiate between possible strain mechanisms.
The experiment shows that the effects of over-rolling in
pressure tubes can be studied by conventional neutron
diffraction measurements.

3, 3 Sizes and Shapes of Naja naja oxiana (Cobra) Toxins in
Solution

P. Martel with A. Szabo (National Research Council)

The active biomolecules in cobra snake venom are
cytotoxins and neurotoxins. The former render cell
membranes permeable, while the latter block biochemical
transfer of information between nerve cells. There is
growing interest in using these toxins as probes to help

* 1 & = 0.1 nm
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understand membrane structure and function. Function
depends on size and shape of the interacting molecules and
the classical method of determining structure has been by
x-ray diffraction from single crystals. However, few
snake toxins are amenable to crystallization and no cryst-
allographic work on toxins from Naja naja oxiana exists at
present.

We have carried out small angle neutron scattering
studies of neurotoxin, cytotoxin and cytotoxin analogue
{the latter being a non-toxic component of cobra venom).
For solutions of these molecules at a concentration of
8 g/L in 0.1 M D2O phosphate buffer, the radii of gyration
were found to be: 12.2 ± 0.2, 11.6 ± 0.2 and 12.1 ± 0.2 A
respectively. Three simple forms were assumed for the
molecular shape (sphere, oblate and prolate spheroid) and
the best fits were obtained for a prolate spheroidal form
for all three molecules. If the semi-axes of the prolate
spheroids of revolution are R and vR, then the values for
the three molecules are as follows:

Molecule R(A) v

Neurotoxin 10.1 ± 0.5 2.5+0.3
Cytotoxin 10.4+0.4 2.2+0.2
Cytotoxin analogue 9.9±0.4 2.6+0.3

Comparison of these data with single crystal x-ray
measurements on neurotoxin from Naja naia siamensis
(M.D. Walkinshaw et al, Proc. Nat. Acad. Sci. USA 11_
(1980) 2400) suggests that neurotoxin does not aggregate
to form dimers in solution; dimer formation had been
suspected from gel-filtration measurements at NRC.

3.4 Water of Hydration in 6-Methylpurine (6 met pur)

P. Martel

The powder diffraction profile of 6 met pur powder in
the "as received" state (from Sigma Chemical Co.) and as
recrystallized from H2O has been measured on the C4 spect-
rometer. The observed profiles are different; in particu-
lar, the hydrated specimen shows a very strong peak corre-
sponding to a plane separation of » 3.4 A (the separation
between bases in B-DNA). This suggests that water of
hydration orients the bases parallel to each other.
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Isochronal, thermogravimetric measurements were made from
20°C to 50°C on the hydrated powder. The first thermo-
gravimetric measurement after heating for 20 hours was
made at 30°C and a 5% decrease in sample weight was obser-
ved. Subsequent measurements at temperature intervals of
» 5°C showed no further loss of weight. The powder dif-
fraction profile from the thermogravimetrically heated
sample was observed to be identical to that of the "as
received" powder. These results indicate that the
crystalline structure of 6 met pur is very sensitive to
the presence of water of hydration.

Replacement of an amide group by a methyl group in
the DNA base adenine results in the formation of a mole-
cule of 6 met pur. The close relationship of these two
purines suggests that the present measurements might be
relevant to understanding changes in the conformation of
DNA. Further measurements are continuing.

3.5 Small Angle Neutron Scattering from Superoxide Dismutase
(SOD)

P. Martel and B.M. Powell with A. Petkau (WNRE)

Extensive small angle neutron scattering studies have
been carried out on solutions of apo and holo forms (J.R.
Lepock et al., Biochim. Biophys. Acta 649 (1981) 45) of
SOD using highly purified material from WNRE. Preliminary
analysis of the data shows that both apo and holo forms
are approximately cylindrical in shape with a radius of ~
15 A and a length Of » 58 A. Although SOD is inherently a
dimer molecule, the possible existence of an equilibrium
concentration of monomer form has been invoked (A. Petkau
et al., Biophys. J. yj_ (1982) 31) to explain the radiation
resistance of SOD. The present measurements suggest chat
the dimeric form of SOD predominates in solution, but they
cannot eliminate the possibility that a small concentra-
tion of monomer SOD might also be present. The scattering
intensity is proportional to the square of the molecular
volume and is thus relatively insensitive to the presence
of low concentrations of a smaller molecular species.

Measurements were also made on solutions of SOD which
had undergone Co irradiation both in anaerobic condi-
tions and with N20 bubbled through the solution. The
large radius of gyration evident from the SANS data
obtained from the latter solution suggests that either the
SOD dimers have formed aggregations or have denatured.
The data for the anaerobically irradiated solution showed
similar, although less pronounced, effects. With concen-
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trations of « 10 g/L there was no evidence of any change
in the damage as a function of elapsed time for periods up
to 72 hours after irradiation.

An electric field of 8x10 V/m was applied across a
solution of SOD with a concentration of » J6 g/L. The
SANS data showed that no significant changes in the
scattering profile occurred. This indicates that
orientation effects must be small for the SOD molecules in
solution.

3.6 Small Angle Neutron Scattering from Components of
Earthworm Hemoglobin

P. Martel and B.M. Powell with S.N. Vinogradov (Wayne
State University)

In recent experiments on intact Lumbricus terrestris
hemoglobin the scattering curves were analysed (PR-P-132:
3.4; AECL-7605) to determine the sizes and numbers of the
subunit components (S.N. Vinogradov et al., Biochim.
Biophys. 492 (1977) 136) of this huge molecule (molecular
weight « 3.9 x 10 ). This analysis may be in error if
interference effects are large, but such effects should be
negligible for measurements on dilute solutions of separa-
ted subunit components.

The smallest and most abundant subunit which binds
oxygen has a molecular weight of 16,000, and a knowledge
of its size and shape would be useful for further analy-
sis. Its relationship to myoglobin is also of interest.
The subunit was eluted from gel-filtration columns, and
small angle neutron scattering measurements from both 0.1
M NaCJJ D2O solution and neat D2O solution at neutral pH
were made. In both cases the size of the molecule was
found to be significantly larger than expected and Guinier
plots suggested that the solutions were polydisperse. One
of us (S.N.V.) has concurrently carried out small angle
x-ray scattering measurements at the University of Graz on
the much larger 1/12 th subunit. Its molecular weight is
19 times that of the subunit examined at Chalk River. For
the 1/12 th subunit also, the dimensions were found to be
much larger than expected.

The extraction procedure is not considered to be in
error and so these experiments indicate that substantial
reassembly of the subunits has occurred after separation.
Biochemical methods are being explored to inhibit this
possible subunit re-aggregation.
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3.7 Temperature Dependence of Positron Annihilation in High
Purity g-Thorium

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

The temperature dependence of the positron annihila-
tion peak coincidence rate in high purity a-thorium has
been measured between 20°C and 1250°C. The high purity
(99.95%) crystal bar specimen was supplied by D. Peterson
of Ames Laboratory, Iowa, in the form of a 0.64 cm dia-
meter rod. In order to reduce the effect of self-
absorption of annihilation y-rays, the specimen was rolled
and machined such that the surface facing the Cu posi-
tron source had dimensions of 0.32 cm x 0.95 cm. Prior to
the measurements the specimen was annealed in vacuum for 3
hours at 1000°C. The specimen was heated indirectly by a
tungsten filament and the position of the specimen surface
was automatically kept constant relative to the slits to
within 0.03 mm at all temperatures.

Preliminary results indicate three different regions
of temperature dependence. Between 20°C and 260°C the
peak rate surprisingly decreased as a function of tempe-
rature with a slope equal to -2.5 x 10 /°C. The peak
rate increased with temperature between 260°C and 700°C
with a slope of 4.8 x 10" /°C. This increase is likely
duerto the thermal expansion of the lattice (AV/V = 4 x
10 -V°C). From 700°C to 1250°C the peak rate increased
rapidly with a slope equal to 1.2 x 10 /°C. The thres-
hold temperature is consistent with previous results
(PR-P-131: 3.15; AECL-7510). The increase, although like-
ly arising from positron trapping at thermal vacancies, is
unexpectedly linear in temperature instead of the usual
S-shaped dependence. It is perhaps indicative of positron
detrapping at high temperatures.

3.8 Magnetic Field Dependence of the Neutron Scattering from
M n0594 Z n0406l e

G. Dolling and T.M. Holden

The susceptibility of certain MncZn^_cTe alloys
shows a sharp maximum as a function of temperature which
is characteristic of spin-glass behaviour. The tempera-
ture at which the maximum occurs is the so-called spin-
glass temperature. In an applied magnetic field the cusp
in the susceptibility can be quenched and time dependent
relaxation effects can be observed.
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For this reason an experiment to detect magnetic field
effects on the neutron scattering cross section was car-
ried out on a sample with c = 0.594. The experimental
arrangement was similar to that used previously (PR-P-133:
3.10; AECL-7683) but with a vertical field of up to 2
tesla. Within the statistical accuracy of the measure-
ments (< 2%), no field dependent effects were observed,
either at the smallest wave vectors accessible in the
experiments or in the vicinity of the wave vector Q =
(1,1/2,0) where the magnetic scattering is strongest. The
cross section was independent of whether the sample had
been cooled in a large (2 tesla), small (0.1 tesla) or
zero applied field.

3.9 Spin Correlations in MncZn1_cTe_Alloys

T.M. Holden and G. Dolling with J. Furdyna (Purdue
University)

The neutron powder diffraction measurements reported
previously (PR-P-133: 3.10; AECL-7683) on the sample of
MncZn-L_cTe with c = 0.565 have been analysed on the
basis of a model in which the spin correlations of a fully
ordered type III antiferromagnet are modulated by one of
several possible exponential functions of an inverse cor-
relation length K, e.g. expf-rR^)/ (l/R^)exp(-KRJl)
and exp(-K

2R2
A).

In practice/ the third (Gaussian) form was found to
provide the most satisfactory description of the powder
diffraction patterns over the whole range of temperature
(4.2 K to 300 K), although the theoretical curves at the
first magnetic diffuse scattering peak were significantly
broader than the measured peak for temperatures below
30 K. The physical significance of the Gaussian form is
far from clear, and experiments on single crystal speci-
mens are needed to check whether this result is merely an
artefact of the powder averaging. Nevertheless, the tem-
perature dependence of the correlation length derived from
this analysis is of some interest. The value of (1/K) is
about 3 A at 300 K and rises smoothly to a limiting value
of 15 A below 20 K: this is very close (probably fortui-
tously so) to the spin-glass transition temperature which
is believed to be 23 ± 0.5 K for this alloy.



- 57 -

3.10 Propagating Domain Walls in CsCoC£3 in a Magnetic Field

S.E. Nagler and W.J.L. Buyers with M.J. Hogan and R.L.
Armstrong (University of Toronto)

CSC0CA3 is a quasi-one-dimensional Ising-like anti-
ferromagnet. At elevated temperatures thermally excited
propagating domain walls (solitons) give rise to a low
frequency component of the magnetic neutron scattering.
The transverse part of the soliton scattering is predicted
to exhibit a double-peaked structure in a magnetic field.
To test this prediction the soliton was first sought at
zero field as it was not observed in previous work at
Brookhaven National Laboratory. Measurements at 35 K have
revealed the presence of an inelastic peak at a wave
vector transfer Q = (1.4, 0, 0.5) similar to that observed
earlier in CsCoBr3 (PR-P-133: 3.14; AECL-7683). This
suggests, in agreement with our calculations, that the
soliton also occurs as a propagating mode of excitation in
the chloride. Earlier Brookhaven measurements had failed
to observe a well-defined soliton in this compound: the
broad shoulder observed in their experiment at 50 K, where
the scattering is much stronger and therefore easier to
observe, has been shown to arise from the damping of the
soliton motion by the increased inter-soliton collisions
at the higher temperature. Measurements of the field
dependence of the scattering are in progress.

3.11 Spin Waves in Uranium Telluride

W.J.L. Buyers and T.M. Holden with P. de V. DuPlessis
(Rand Afrikaans University) and 0. Vogt (ETH, Zurich)

Measurements already in progress (PR-P-133: 3.11;
AECL-7683) to delineate the spin-wave frequencies of
UTe were completed. Data have now been collected in the
[111] , [001] and [110] directions and are being analysed.

3.12 Spin Excitations in Magnetic Chains

W.J.L. Buyers with M. Kent (Mathematics and Computation
Branch)

Eigensolutions are sought for a one-dimensional chain
of N particles of spin 1/2 coupled by the anisotropic
Hamiltonian:-



- 58 -

H = 2J

The lowest eigenvalues are found by a recursion
method (the Lanczos algorithm) which involves only one row
of the Hamiltonian matrix at each stage. The algorithm
transforms the Hamiltonian to tridiagonal form which is
then diagonalized by conventional techniques.

Eigenvalues have been obtained for the 16 spin
chain. This is equivalent to diagonalizing a 12870 by
12870 matrix. To cur knowledge, the 14 spin chain
(3432 by 3432 matrix) is the largest for which exact
solutions have previously been obtained.

Various programs have been developed to help attain
this goal. The major program, which determines the
eigenvalues of the Hamiltonian, is near completion. Some
time has been spent on improving the original algorithm
resulting in a program which is 70 times faster.

Work is progressing on:

1. A program to compute eigenvectors.
2. A plotting procedure to plot values of interest.
3. Modifications to handle rings of spins.

3.13 Neutron Spectrometer Control; the PLOT Package

W.J.L. Buyers and N.G. Campeau with H. Keech
(Mathematics and Computation Branch)

The program PLOT, designed to plot data from the new
PDP/11 neutron spectrometer control system, has been
significantly updated.

Improvements have been made in the method of choosing
the lengths of both X and Y axes and in the choice of the
standard Y-axis scale. Off-scale counts are now divided
successively by factors of 10 until they are brought on
scale, and then plotted with different symbols. As a
result most scans can now be plotted without specification
of scales by the user. The intricate problem of adding
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spectra from two or more different experimental runs has
been resolved for many situations.

The PLOT package is undergoing extensive restructu-
ring. There is now a separate routine for each distinct
task and different phases of the overall job are being
separated into parallel overlays. To date the overlay
feature has reduced memory requirements by « 25%, thus
permitting the use of larger working arrays required for
powder measurements.

3.14 Modelling of Molecules and Crystals in Terms of Potential
Functions

B.M. Powell with H. Keech (Mathematics and Computation
Branch)

The computer program WMIN, written by W.R. Busing
(ORNL-5747) permits the calculation of the static structu-
res and the dynamics of molecules or crystals when speci-
fic interatomic or intermolecular potentials are assumed.
The program may be used to minimise the static lattice
energy by adjusting crystal structure parameters, to
adjust the parameters of the assumed potentials to fit
known structures or to calculate the normal mode frequen-
cies and coordinates for structures at their energy
minima,

A special program feature of WMIN is the dynamic
dimensioning of 133 arrays used in the calculations. This
feature was elegantly accomplished in the ORNL version by
storing the arrays in a "master" array and passing the
starting locations for each of the 133 arrays as arguments
in initial calls to the eleven subroutines which use them.
Subsequent calls to these subroutines are made via "entry
points", thus eliminating the need for long argument lists
and reducing computation time. This procedure, allowed in
the original IBM FORTRAN, is not acceptable in CDC
FORTRAN.

Since WMIN uses global names for the 133 arrays, the
problem was overcome by writing a SPITBOL pre-processor.
This replaces the array names with direct references to
the "master" array by means of pointer offsets. The
pointer names chosen are mnemonics for the original global
array names. In five of the six test problems supplied
with WMIN the new CRNL code gives results identical to the
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original ORNL code. In the sixth (most extensive) test,
involving the calculation of normal mode frequencies, the
CRNL calculation gives numerical results which agree well
with the ORNL results for large eigenvalues. With CDC
single precision, the numerical calculation of derivatives
causes six eigenvalues, which should be identically zero,
to have small non-zero values. This "ill-conditioned"
feature also occurs for the IBM double-precision ORNL
version. In the problems for which it is anticipated WMIN
will be used it does not appear worthwhile to operate with
CDC double-precision.

3.15 Bellows Thermal Switch

H.F. Nieman and J.C. Evans

A thermal switch has been constructed and mounted in
the Cryogenics Associates cryostat, H-6. The thermal con-
tacts are two parallel palladium-plated copper discs. One
disc is mounted on the end of a stainless steel edge-
welded bellows, thermally attached to the cryogen contai-
ner through several lengths of flexible copper braid.
Helium gas pressure expands the bellows and causes this
disc to contact the second disc, which is thermally con-
nected to the specimen holder. Contact is broken by eva-
cuating the bellows.

With this thermal switch the temperature of the spe-
cimen block can now be controlled over the range 290 K to
7 K. This was not previously possible. With the thermal
switch open and liquid helium as the cryogen, it was pos-
sible to control the cryostat temperature at 100 K with a
power input of only 150 mW. With the thermal switch clo-
sed, the cryostat cools from 300 K to 15 K in only « 5
hours. The bellows thermal switch has greatly expanded
the useful temperature range of this type of cryostat.

3.16 Reactor Beam-Hole Use

B.M. Powell and H.F. Nieman

The McMaster University spectrometers were shutdown
for the period, as was the C2 fast-neutron chopper and the
N4 thermal-beam facility. The University of Guelph
spectrometer operated for 75% of the period. Utilization
at the other occupied beam holes was as follows:
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Beam No. of No. of No. of Efficiency (%
Hole Experiments Participating Participating of Available

CRNL Scientists Non-CRNL Reactor
Scientists Operating Time

Used for
Experiments)

C - l

C-4

C-5

L-3

N-5

1

3

2

2

3

1

2

3

5

3

2

1

3

1

50

85

96

99.5

80

Total reactor operating time was 75 days,

3.17 Thick Target Neutron Yields from (p,xn) Reactions

M.A. Lone and J.A. Latouf

Neutron yields, angular distributions and spectral
distributions from the interaction of high energy protons
(Ep = 50 - 500 MeV) with various nuclei have been calcu-
lated with the NMTC/MORSE computer codes. Table 1 shows
the thick target neutron yields from several materials
which are commonly used as collimators, beam stops or tar-
gets for spallation neutron sources.

There are very few previous data on total neutron
yields from interactions of protons in this energy range.
Recently Alsmiller et al. (ORNL Report TM-7949 (1981)) have
reported neutron yields calculated with the HETC/MORSE
codes from interactions of protons with a water-cooled
tantalum target in the energy range of 190 - 268 MeV. The
two sets of calculations for the Ta target are in excel-
lent agreement.
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TABLE 1

Thick Target Neutron Yields from (p,xn) Reactions

Calculated neutron yields per incident proton
Ep(MeV) 50 100 200 300 400 500

Be

Fe

Cu

Ta

w

Pb

3.18 High Resolution Measurements of the Photofission Spectrum
of 238U near Threshold

J.W. Knowles and W.F. Mills with T.E. Drake (University of
Toronto)

A multi-wire fission counter consisting of 126 target
plates of U, each 2 mg- cm" thick, is used with the
Chalk River bremsstrahlung monochromator at the University
of Illinois Microtron Laboratory to measure, the photo-
fission cross section of 238u between 5.0 and 6.4 MeV witn
a resolution of 12 keV. The cross section shows three
distinct regions, below the neutron separation energy of
238U at 6.147 MeV (C. Maples et al., Nucl. Data £ (1966)
610), characterized by an abrupt change in cross section.
The regions extend from 5.0 to 5.43, 5.43 to 5.90 and 5.90
to 6.147 MeV respectively. Relatively broad peaks (= 80
keV wide) are observed in each region. In the lowest
region peaks are observed at 5.15 and 5.30 MeV. In the
central region the most prominent peaks are at 5.56 and
5.79 MeV and in the upper region at 5.99 and 6.10 MeV. At
present the fission process close to the threshold in 238U
is described by postulating a two-well potential with
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inner and outer barrier heights of 5.90 and 6.12 MeV
respectively (B.B. Back et al., Phys. Rev. 9C_ (1974) 1924).
A much more complex potential will be required now, to
account for the peaks in the photofission spectrum of
2 3 8U, particularly those above 5.90 MeV.

3.19 Electronics for Multi-Wire Proportional Counter for the
Neutrino Mass Experiment

M.A. Lone and J.W. Knowles with R.E. Howard, R.L. Graham
and J.S. Geiger (Nuclear Physics Branch)

Several types of hybrid integrated circuits have been
tested for the amplification and shaping of multi-wire
proportional counter signals for the neutrino mass experi-
ment (PR-P-133: 2.2; AECL-7683). The tests were carried
out on a 1 cm diameter cylindrical proportional counter
with a 25 pm central wire. The counter was filled
with isobutane gas at a pressure of 13 kPa. The gas
multiplication at various operating voltages was measured
with *5Fe and 125I B-ray sources.

Tests with the amplifier boards developed for the QD3

Charpak counter (PR-P-104: 2.16; AECL-5032) showed
unacceptably high noise levels for the signals expected in
our application. Comparison tests with a PC-109 preampli-
fier and an Amptek 203 preamplifier showed that, for opti-
mum signal to noise ratio, a first stage consisting of a
charge sensitive preamplifier with a low (2 pf) capacitive
feed-back amplifier is needed. Further tests will be made
with Lecroy TR A510 and Alcatel ultra-low-noise pulse
preamplifiers.

3.20 Multi-Wire Proportional Counter for the Neutrino Mass
Experiment

M.A. Lone, J.W. Knowles and L.Milani with J.J. Hill, R.L.
Graham and J.S. Geiger (Nuclear Physics Branch)

For the neutrino mass experiment (PR-P-133: 2.2;
AECL-7683) a 100 wire proportional counter for the detec-
tion of e-rays from 3H decay is under construction. The
prototype counter will have a surface area of 10 cm by
10 cm, a depth of 0.5 cm and 25 um diameter anode wires
spaced 1 mm apart. The counter is designed to permit
operation of the alternate anode wires at different bias
potentials in order to investigate the operating
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conditions necessary for suppression of multiwire trigger-
ing at low gas pressures and high gas multiplication.

The counter will be operated at a gas pressure of
13 kPa with a 80 - 100 gg chin polypropylene window foil.
Apparatus for fabrication of thin gas-tight foils (R.
Didriksson et al.,Nucl. Inst. Meth. _lfT7 (1979) 113) is
under construction. The window support and the electron
beam collimation system are designed for an incident beam
up to 22° from the normal, with an angular spread of
± 5°. This would provide the optimum intensity and energy
resolution for the neutrino mass experiment at the it/2
B-ray spectrometer (PR-P-134: 4.16; AECL-7778).

For preliminary tests of the counter a 180° bending
magnetic spectrometer has been designed. This will use a
63Ni source and provide a focussed monoenergetic electron
beam of « 2% resolution for measurements of the detection
sensitivity of individual wires in the counter.

3.21 Apparatus for Measurements of the Uniformity of the
Tritium Source for the Neutrino Mass Experiment

M.A. Lone and L. Milani

Measurements of the shape of the endpoint of the tri-
tium 0-spectrum for determination of the neutrino mass
(PR-P-133: 2.2; AECL-7683) require a 10 cm x 10 cm surface
area multistrip tritium source for optimum intensity and
energy resolution (PR-P-133: 4.2; AECL-7683). Various
methods for the preparation of such a source are currently
under investigation (PR-P-133: 2.22; AECL-7683). Equip-
ment for the evaluation of these techniques and for
measurements of the uniformity of large surface area sour-
ces is under construction. It is designed to scan a 10 cm
x 10 cm source area with a spatial resolution of 0.1 cm x
1 cm. The activity of the source area will be measured by
detecting g-rays in a proportional counter.

3.22 Data Acquisition System for the Neutrino Mass Experiment

M.A. Lone with R.L. Graham (Nuclear Physics Branch)

The ND6660 multiparameter data acquisition system,
now located at the N4 thermal-beam facility at
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the NRU reactor, will be moved to Bldg. 136 to take data
from the 100 wice proportional detector system that will
be used at the w/2 g-spectrometer in the neutrino mass ex-
periment.

A 112 channel multi-input counter module for the
ND6660 has been ordered. This module uses the computer
memory for scaling of events from 112 independent detec-
tors in parallel. In addition the ND6660, which contains
two LSI-11/23 CPU's, will be used to control the spectro-
meter current settings, voltage gradient across the
source, and other parameters of the experiment. The com-
munication between the ND6660 and the pheripheral device
will be via a General Digital Board which is available
from Nuclear Data. A controller for the peripheral
devices has been designed and is under construction
(PR-P-134: 2.20; AECL-7778).

3.23 BIC Detectors

R.J. Toone, G.A. Tapp, H.C. Spenceley, W.M. Inglis and
J.G.V. Taylor

h second prototype BIC detector (PR-P-133: 3- 2 2< n
AECL-7683) has been constructed. For this unit the B
coating was reduced from 0.4 mg-cm"2 to 0.3 mg-cm~2 to
allow an assessment of the relative importance of neutron
capture efficiency and reaction product escape probability
in the l B layer. Both detectors have been undergoing
tests at the ETA (PR-P-134: 3.29; AECL-7778).

The large number of closely spaced, flexible BIC
electrodes results in a large resonant capacitance for
each detector and a correspondingly large microphonic com-
ponent in the output signal. Microphonic noise is negli-
gible below 20 Hz. The polarization reversal frequency
will be chosen to accommodate this detector characte-
ristic. A dummy BIC module has been set up so its micro-
phonic response can be studied with a frequency analyser.
A vibrating solenoid, driven by a frequency generator,
provides a reproducible excitation over the range 10 -
150Hz. This arrangement allows observation of changes in
the microphonic response for different plate mounting
geometries and vibration isolation schemes.
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3.24 BIC Signal Conditioning

G.A. Tapp

Construction and testing of eight voltage-to-
frequency convertors (V-F) and eight current-to-voltage
convertors (I-V) was completed. The V-F's were adjusted
so that an input change of ± 100 mV produced an output
change of ± 1 MHz.

Both units have been tested under operating condi-
tions at the ETA. The I-V's will need only minor gain
adjustments to match them to the BIC outputs. The long
cable run being driven by the V-F's reduces the output to
a level barely above TTL threshold. A translator line-
receiver module may be necessary to regenerate the pulses
and drive the sealers in the data acquisition system.
This module has been designed.

The remainder of the 40 convertors are being
assembled by E.I. & P. Branch.

3. 25 Gas Counters

M.A. Gulick, W.M. Inglis, H.C. Spenceley and R.J. Toone

Two counters used Wxth the ir/2 0-spectrometer were
cleaned for Section II and tested with three different
diameters of anode wire. New anode wires were installed
in a proportional counter for use with the isotope separa-
tor in Nuclear Physics Branch.

A prototype metal-diaphragm pump has been designed
and is under construction. It will be tested as a com-
pressor for recovering and recompressing He in a new
filling line for 3He counters (PR-P-132: 3.19; AECL-7605).

A new set of three-wire 3He counters (type HP-4) is
required for Section I. To simplify machining and welding
and to eliminate problems with stress cracking, the end
plates of these counters have been redesigned. Other pos-
sible modifications are under consideration.
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3.26 Solid-State Detectors

R.J. Toone and G.A. Tapp

Three solid-state detector cryostats were re-pumped:
a Ge(Li) system of CRNL design for General Chemistry
Branch, a commercial Ge(Li) detector for Section II and a
commercial Si(Li) x-ray detector for Solid State Science
Branch.

A high-purity Ge feeder-scanner detector was pumped
and cooled for Section II. After the cryostat for this
detector was damaged in use, a second, larger feeder-
scanner detector was retrieved from storage, pumped and
cooled for the same experiment.

3.27 Glassblowing Services

J.G. Wesanko, D.A., Doering and M.A. Gulick

The catalyst testing column in Physical Chemistry
Branch was modified by the addition of a series of ports
to allow the measurement of deuterium distribution profi-
les along and across the catalyst bed. A glass vacuum
system to be used for calibrating tritium monitors was
built for Chemical Engineering Branch. A new analytical
vacuum line has been constructed in Physical Chemistry
Branch for laser photochemistry research. A quartz fur-
nace and sample tubes for zirconium studies and equipment
for vacuum-drying ion-exchange resins were supplied to
Fuel Engineering Branch.

A quantity of quartz tubing has been etched to speci-
fied thicknesses for Solid State Science Branch, General
Chemistry Branch and Section I. Rectangular quartz cells
were also supplied to Section I.

Two large (13 cm diameter x 85 cm and 8 cm diameter
x 80 cm) dewar flasks were built, silvered, baked and eva-
cuated for Materials Science Branch to be used to study
the behaviour of metals at liquid He temperature. To bake
and evacuate these flasks a new vacuum system had to be
constructed at the large bell furnace in Bldg. 115. (The
original pumping system was dismantled when the furnace
was moved to make room for equipment around the RF
induction furnace,) Eighty-two Cu-glass Housekeeper seals
were made to replace stocks issued.
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3.28 Machine Shop Services

A.H. Hewitt and H.C. Spenceley

In Bldg. 459 machine shop an analyser table is under
construction for the new "high analyser" for the N5
spectrometer. A vacuum chamber with internal linear move-
ments was fabricated for testing sources for the neutrino
mass experiment. Other work included a 1 metre long
cadmium-lined collimator for SANS experiments, a new top
plate for the furnace of the positron annihilation
spectrometer and a target holder and pipework for the 2"
beam line of the tandem accelerator.

Most of the effort in Bldg. 116 machine shop was spent
on the construction of a second prototype BIC detector.
Other work included special source holders for activity
standards, jigs for the glassblowing shop and magnet comp-
onents for the neutrino mass experiment.

3.29 Parity Violation in the Photodisintegration of Deuterium

E.D. Earle et al.

See PR-P-134: 2.3; AECL-7778

3.30 Prompt Response of BGO and Nal(TA) Detectors to Fast
Neutrons

M.A. Lone et al.

See PR-P-134: 2.4; AECL-7778

3.31 5yCo Standardization

R.H. Martin et al.

See PR-P-134: 2.23; AECL-7778

3.32 Data Acquisition System for Radioisotope Standardization
Section - Status

R.H. Martin et al.

See PR-P-134: 2.26; AECL-7778
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3.33 i37Cs Distribution Area Standards

R.H. Martin et al.

See PR-P-134: 2,, 24; AECL-7778

3.34 i37Cs International Comparison

R.H. Martin et al.

See PR-P-134: 2.22; AECL-7778

3.35 Standards Issued

R.H. Martin et al.

See PR-P-134: 2.25; AECL-7778

3.36 Miscellaneous Services

R.H. Martin et al.

See PR-P-134: 2.27; AECL-7778

3.37 Radiation Fluxes and Currents at an Aperture

M.A. Lone et al.

See PR-P-134: 4.3; AECL-7778

3.38 Resonance-Averaged Channel-Capture (n,y) Cross Section

M.A. Lone et al.

See PR-P-134: 4.10; AECL-7778

3.39 Publications and Lectures

Publications

AECL PROGRAMS IN BASIC PHYSICS RESEARCH
G.A. Bartholomew, G. Dolling, M. Harvey and J.C.D. Milton
AECL-7073
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COMPUTER SIMULATION OF SPIN EXCITATIONS IN RANDOMLY
DISORDERED SYSTEMS: THE DILUTE FERROMAGNET AND THE MIXED
LAYERED ANTIFERROMAGNET.
W.J.L. Buyers, D. Bertrand, K.E. Locke and C.V. Stager, in
"Excitations in Disordered Systems" (1982) 411 (Plenum).

MAGNETIC EXCITATIONS AND LATTICE VIBRATIONS IN URANIUM
ROCK-SALT STRUCTURE COMPOUNDS
T.M. Holden, W.J.L. Buyers, E.C. Svensson, J.A. Jackman,
A.F. Murray, O. Vogt and P. de V. DuPlessis
J. Appl. Phys. 53 (1982) 1967

MAGNETIC CORRELATIONS IN DISORDERED MncZnj_cTe ALLOYS
T.M. Holden, G. Dolling, V.F. Sears,J.F. Furdyna and W.
Giriat
J. Appl. Phys. _53 (1982) 1882

PROMPT GAMMA RAYS FROM THERMAL-NEUTRON CAPTURE
M.A. Lone, R.A. Leavitt and D.A. Harrison
Atomic Data and Nuclear Data Tables 2§_ (1981) 6

THERMAL-NEUTRON-CAPTURE CROSS SECTION MEASUREMENTS
M.A. Lone
Neutron-Capture Gamma Ray Spectroscopy and
Related Topics. Eds. T.V. Egidy, F. Gonnenwein
and B. Maier, The Institute of Physics, Bristol and
London (1981) 383.

LOW ENERGY 7Li(p,n)7Be NEUTRON SOURCE (CANUTRON)
M.A. Lone, A.M. Ross, J.S. Fraser, S.O. Schriber,
S.A. Kushneriuk and W.N. Selander
AECL-7413

POWDER REFINEMENT OF CARBONYL SULPHIDE
J.S.W. Overell, G.S. Pawley and B.M. Powell
Acta Cryst. B38 (1982) 1121

Lectures

VACANCY FORMATION ENTHALPIES IN bcc AND fee FeCo BY
POSITRON ANNIHILATION
J.A. Jackman, S.M. Kim and W.J.L. Buyers
Sixth Int. Conf. on Positron Annihilation
Forth Worth, Texas, 1982 April 3-7
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VACANCY FORMATION ENERGIES IN STAINLESS STEELS BY POSITRON
ANNIHILATION
S.M. Kim a u W.J.L. Buyers
Sixth Int. Conf. on Positron Annihilation
Forth Worth, Texas, 1982 April 3-7

VACANCY FORMATION ENERGIES IN ALLOYS
S.M. Kim
Sixth Int. Conf. on Positron Annihilation
Forth Worth, Texas, 1982 April 3-7

SINGLE-ION MIXED VALENCY BEHAVIOUR OF DILUTE Ce IN
(La, Th) ALLOYS
T.M. Holden, W.J.L. Buyers and P. Martel
Int. Conf. on Valence Instabilities
Zurich, Switzerland, 1982 April 13-16

THE CONDENSATE FRACTION IN SUPERFLUID 4He
E.C. Svensson
Colloquium at the Dept. of Physics, State University of
New York at Stony Brook, Stony Brook, New York, 1982 May 3

THE CONDENSATE FRACTION IN SUPERFLUID ^He
E.C. Svensson
Colloquium at the Dept. of Physics and Astronomy, Univ. of
Mass. Amherst, Mass. 1982 May 7

DEHYDRATATION COHME COMMUTATEUR DANS DES SYSTEMES
BIOLOGIQUES
P. Martel and B.M. Powell
1'Association Canadienne-Francaise pour l'Avancement des
Sciences (ACFAS)
Montreal, P.Q., 1982 May 12-14

NEUTRON INELASTIC SCATTERING STUDIES OF ACTINIDE ROCK-SALT
COMPOUNDS
T.M. Holden
Institut Laue-Langevin, ^renoble, France, 1982 April 19

THE CRNL MONOCHROMATOR
J.W. Knowles
Physics Seminar at University of Illinois, Champagne,
Illinois, U.S.A.,1982 May 19
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NEUTRON AND X-RAY SCATTERING STUDIES OF FERROELECTRIC
PHASE TRANSITIONS
G. Dolling
Three lectures at Summer School on Ferroelectricity,
Universite de Sherbrooke, Sherbrooke, P.Q., 1982 May 31 -
June 3

INELASTIC NEUTRON SCATTERING FROM WATER IN BIOLOGICAL
STRUCTURES
P. Martel
Brookhaven Symposium on Neutrons in Biology
Brookhaven National Laboratory, Upton, N.Y., 1982 June 1-4

PHONON DISPERSION CURVES OF THE ORDERED ALLOY
Nin.5A10.5
E.D. Hallman, E.C. Svensson and J.E. Greedan
CAP Congress '82, Kingston, Ontario, 1982 June 21-24

PROSPECT FOR ULTRA HIGH RESOLUTION AND HIGHLY POLARIZED
PHOTONS FROM A BREMSSTRAHLUNG MONOCHROMATOR
J.W. Knowles
Physics Colloquium at the Universite de Montreal, 1982
June 30
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G.E. Lee-Whiting
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4.1 Staff

Branch Head:

M.
F.C.
S.A.
H.C.
V.F.
I.S.
K.B.

G.E. Lee-

Harvey
Khanna
Kushneriuk
Lee
Sears
Towner
Winterbon

Visitors

M.
y.
K.
J.
H.

Couture
K. Ho
Holinde
LeTourneux

D. Vogel

(1)
(2)
(3)
(4)
(5)

Secretarial Staff

M.E. Carey

(1) NRC Post-Doctoral Fellow from McGill University;
joined branch 1980 December 01

(2) Visiting scientist from Zhengzhou University,
People's Republic of China; arrived 1982 March 09

(3) Visiting from Bonn Univ., Germany, 1982 July 5-16
(4) Summer Professor from Univ. of Montreal, 1982 July 8
(5) Summer student, 1982 May 14
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4.2 Activation Calculations for INRS Irradiations

S.A. Kushneriuk with P,Y. Wong (Math, and Compt. Branch)

MORSE Monte Carlo neutronic evaluations have been made
of activations induced in foils located at specified positions
in the INRS Energie irradiation facility loaded with 78 kg of
thorium-oxide. The neutron sources for the irradiation are the
14 MeV neutrons released J.r: deutaron-triton fusion in che bom-
bardment of a tritiated target located at the facility centre by
accelerated { 100 keV) deuterons. The 25-neutron-group
library of cross sections described in PR-P-133:4.2 (AECL--
7683) was used in the calculations. Detailed comparisons are
now being made of calculated and measured activations, particu-
larly for activations resulting from: 63Cu(n,2n)62Cu;
90Zr(n,2n)89Zr, i27Un,2n)i2bI; 23ZThfn,f)89Rb, i38Cs fission
products; 27A t.(n,p) 27Mg; 27A.n(n, *) 24Na; :lbIn(n,n') In;
ll5In(n, y) li6In; 23*Th(nf0y) +

 23!3U and 1 97Au (n, y ) x 98Au
reactions.

4.3 Radiation Fluxes and Currents at an Aperture

S.A. Kushneriuk with M.A. Lone (NSSP Branch)

Explicit formulae have been derived for calculating the
radial distribution and averages of the fluxes and currents of
radiation on a plane circular aperture due to direct contribu-
tion from a uniformly distributed, planar source of radiation of
circular shape located co-axially with the aperture. The source
is isotropic or of the "cosine" type. Limiting forms of the
fluxes and currents, the mean solid angle of emission from
source to aperture as well as certain identities involving
elliptic integrals hav.= also been derived and investigated.

4.4 Multilayer Neutron Monochromators

V.F. Sears

A multilayer monochromator consists of alternating
thin-film layers of two different materials, usually Ge-Mn or
Ge-Fe, that have been deposited by vacuum evaporation or sput-
tering on a suitable substrate such as an optical flat. Since
such a device is effectively a one-dimensional "crystal" it can
be used to Bragg reflect a monoenergetic neutron beam out of an
initially polyenergetic thermal spectrum. In addition, if one
of the materials is ferromagnetic the Bragg reflected beam will
be polarized. Such devices have been developed at Brookhaven
National Laboratory {see, for example, Saxena and Schoenborn,
Acta Cryst. Al3(1977)805l over the past few years and are of
interest to CRNL for :xse in a proposed polarized neutron spec-
trometer (B.M. Powell, private communication).
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We are presently developing a theoretical description
of the properties of multilayer neutron monochromators. We
begin from the general expression for the coherent elastic scat-
tering cross section instead of using the Fresnel 2one construc-
tion that Saxena end Schoenborn have adapted from the X-ray lit-
erature. These authors discuss the properties of multilayer
monochromators in terms of the value of the reflectivity at the
centre of the Bragg peak. However, the reflected neutron flux
actually depends on the integrated reflectivity, rather than the
peak reflectivity, and these two quantities have a different
dependence on the number of bilayers, the bilayer thickness,
etc.

Our main aim is to try to understand how the reflected
flux, as well as the order contamination and the additional con-
tamination due to specular reflection, depend on the wavelength
and on the parameters that characterize the monochromator. To
this end it is important to take into account effects of extinc-
tion and of random fluctuations in the layer thicknesses.

4.5 Penetration of Heavy Ions in Solids

K.B. Winterbon

It has been pointed out (PR-P-133:4.5 (AECL-7683)) that
Vavilov (or other) multiple-scattering energy-loss distributions
may be approximated by either Pearson or compound Poisson densi-
ties. In fact the compound Poisson density is much more flex-
ible and gives an excellent representation of the density even
at very small target thicknesses where the Pearson density is
obviously unrealistic.

In connection with an application in dechanneling, the
multiple scattering angular and lateral deflection distributions
have been calculated for a situation in which all particles
exceeding a given limit (in angle or lateral distance, respec-
tively) are removed from the beam. This work has been written
up for publication.

In connection with the EMTF program, it was desired to
find the maximum energy density in a thick lithium target bom-
barded by 100 MeV protons. The particles are slowed by elec-
tronic stopping, and the only relevant straggling process is
straggling in electronic stopping. The shape of the deposited
energy distribution has been calculated in two different approx-
imations with excellent agreement. In the more fundamental one
the solution is an irregular confluent hypergeometric function.
This too has been written up for publication.



- 77 -

Various authors over the past few years have used
Pearson distributions to represent range distributions. Unfor-
tunately they have all used Type IV distributions, which are
inappropriate for this purpose, falling off too slowly at large
depths, and overestimating the kurtosis. Type VI distributions
should be used instead. A short note to this effect is being
prepared.

4.6 Nucleon-Nucleon Scattering in the Quark Model

M. Harvey with J. LeTourneux and B. Lorazo (Univ. of Montreal)

The formalism for calculating phase shifts for nucleon-
nucleon scattering in odd partial waves (PR-P-133:4.8 (AECL-
7683)) has now been programmed for computers in Chalk River and
Montreal. Runs are now in progress for many partial waves with
a quark-quark potential composed of a central confining plus a
spin-spin term. The six-quark model for two nucleons is insuf-
ficient to explain the observed phase shifts, but it does seem
to describe the short range behaviour of the NN-interaction.
Extensive private discussions with Karl Holinde (Univ. of Bonn)
have determined an approach whereby our phase shifts can be com-
pared to those arising from part of the conventional boson-
exchange potentials. This analysis will proceed both in Canada
and Germany.

4.7 Analysis of the Freidberg-Lee Model

M. Harvey and H. Vogel

The non-linearity of quantum chromodynamics mediated by
vector gluons has rendered the theory intractable in strong
coupling problems, e.g., those associated with nucleons at low
energies. The Freidberg-Lee model (Phys. Rev. D16(1977)1096)
replaces this non-linearity with a scalar (a-) field which has a
non-linear potential. In principle the quark field with the
o-scalar potential and the a-field with the scalar quark-current
should be solved self-consistently. We are setting up the self-
consistent equations on the computer. So far the Dirac equa-
tions for the fermion quarks have been programmed and tested
against known solutions. Work is in progress on the solution of
the non-linear a-field equation and on seeking self-consistent
solutions.
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4.8 Corrections to the Single-Particle Ml and Gamow-Teller Matrix
Elements'

I.S. Towner and F.C. Khanna

Calculations of the corrections to the single-particle
Schmidt values for the magnetic moments of closed-LS-shells-plus
(or minus)-one nuclei arising from core polarisation, isobar
currents and meson-exchange currents (PR-P-133:4.6 (AECL-7683))
have been extended to the off-diagonal matrix element between
the spin-orbit partners j = 1+1/2 and j = £-1/2. Perturbation
contributions from high-lying excited states (tensor correla-
tions) in the core-polarisation and meson-exchange-current cal-
culation tend to cancel in diagonal inatrix elements (magnetic
moments and mirror 0-decays), but in off-diagonal matrix ele-
ments the cancellation is much less complete. This is unfortun-
ate, because the calculation of tensor correlations is computa-
tionally difficult, and any justification for not including them
would be welcome. Our results, for example in the £~i/2 *
f-5/2 transition in A=41 also shed some light on the ooserved
Ml transition in '*8Ca. There the transition is from a closed-
shell ground state to a particle-hole £s/2^1/2~1 state at
10.8 MeV. The B(M1) value for this transition, as measured in
inelastic electron scattering, is much reduced from the single-
particle estimate and this quenching is commonly thought to be
due to isobar currents. However, we find (for A=41) that tensor
correlations are as important as, if not more important than,
isobar currents in providing 3 quenching mechanism.

4.9 Meson-Exchange Currents at Higher q

I.S. Towner with P. Blunden (Queen's University)

Work at CRNL in the last few years on meson-exchange
currents (MEC) has been limited to Ml electromagnetic y-transi-
tions and allowed (or first-forbidden) Gamow-Teller (5-transi-
tions where the momentum, q, of the photon or the lepton pair
emitted is low. Meson-exchange currents have then been evalua-
ted in the limit q+0. We have been working out the expressions
for finite q and for higher multipolarities than the Ml consid-
ered previously. These expressions will be used for evaluating
MEC corrections in electron scattering and p-capture.

4.10 Resonance-Averaged Channel-Capture (n,y) Cross Section

Y.K. Ho with M.A. Lone (N.S.S.P. Branch)

The average radiative channel-capture neutron cross
section in the resonance region has been investigated in the
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framework of the optical model. A formula for the energy-aver-
aged channel-capture cross section was derived from the S
matrix. It includes two terms. One corresponds to the radia-
tive capture of the shape-elastic scattering wave, usually
termed direct capture. The other corresponds to the radiative
recapture of the compound-nucleus elastic wave. In the latter
process a neutron is emitted in the elastic channel after the
formation of the compound nucleus. In the region outside the
range of nuclear forces this neutron may be recaptured into a
low-lying single-particle state by the emission of a photon via
the long-range electromagnetic interaction. The results calcu-
lated for several nuclei in the 3s and 3p giant-resonance
regions of the neutron strength function show that the average
channel-capture cross section in resonance regions may account
for a considerable fraction of the total (nry) cross section. A
large part of this channel capture arises from the recapture of
the compound nucleus elastic scattering neutron.

4.11 Structure of the Pion

H.C. Lee with Q. Ho-Kiia (Laval University)

The generalization of the bag model reported in
PR-P-133:4.9 (AECL-7683) has been applied to improve earlier
calculations of the vector and axial-vector form factors of the
pion (PR-P-131:4.11 (AECL-7510)). A constraint on the constant
specifying the pressure on the bag has been discovered: if the
approach of the pion mass to zero in the chiral-symmetry limit
is to be consistent with the pion being a Goldstone boson, then
the energy related to the bag pressure must be equivalent to one
quarter of the pion mass.

4.12 Color Confinement in Quantum Chromodynamics

H.C. Lee with R.M. Woloshyn (TRIUMF)

Work is continuing on this topic (PR-P-132:4.11 (AECL-
7605)). It is believed that confinement in quantum chromodynam-
ics (QCD) arises from the self-interaction of the gluon fields,
rather than from gluon-quark interactions; depending on the num-
ber of species of quarks, the latter interaction may be viewed
as a perturbation that weakens the degree of confinement.
Theories without gluon-gluon interactions, such as quantum elec-
trodynamics (photons do not. self-interact), are not confining.
As a first step one can study the confinement properties of
Yang-Mills theories - i.e.. theories with self-interacting gluons
but without quarks or any other fermions.
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4.15 Shapes for RFQ Electrodes

G.E. Lee-Whiting with G.L. Klawitter (Math, and Compt. Branch)

A computer code for calculating shapes for RFQ elec-
trodes by t-he method described in PR-P-133:4.13 (AECL-7683)
has been generated. The subroutines for electrostatic potential
and electric field strength were verified by substituting deri-
vatives obtained numerically from them in the appropriate
Maxwell equations. Similarly, the first few terms of a series
expansion of the potential about the RFQ axis were tested by
comparison with results obtained directly by numerical differen-
tiation. A crude search procedure locates suitable networks of
points on equipotential surfaces, at least in simple cases;
these surfaces display the expected symmetries. Further refine-
ment of the search procedure awaits evaluation of the usefulness
of the method by members of the Accelerator Phyaics Branch.

4.16 Spectrometer Modifications for Neutrino-Mass Experiment

G.E. Lee-Whiting

An earlier trajectory-tracing program has been modified
to deal with an extended source and a multiple detector. It has
been used to confirm the correctness of the analytical expres-
sions for the second-order aberration coefficients derived pre-
viously (PR-P-133:4.14 (AECL-7683)).

The line-shape program mentioned last quarter has shown
that the configuration (source angle, aperture position, detec-
tor angle) resulting in the absence of second-order momentum-
dependent aberrations (X^ = 24°, aperture at one quarter of
angle between source and detector, xf = 21°) produces
undesirably large tails on the high-energy side of the line.
These tails can be removed if we eliminate a different pair of
cross-terms (PR-P-133:4.14 (AECL-7683)). Unfortunately, the
source angle X^ is then greatly increased. However, by mov-
ing the aperture to the mid position between source and detec-
tor, we can reduce X^ to a tolerable value, 43°. Depending
on which of the two momentum-dependent aberrations is then
selected for elimination, the detector angle is either 43° or
11°. The smaller value would simplify the construction of the
detector. A decision on whi-̂ h (if either) of the momentum-
dependent aberrations might ; 5 tolerable awaits modification of
the line-shape program.

All our calculations so far have made use of
Bergkvist's approximation that the extra potential energy resul-
ting from source electrification is converted to kinetic energy
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immediately in front of the source. We have now derived a pair
of trajectory equations valid in the presence of a general elec-
trostatic field. Though exact results would require a good
knowledge of the electric field, it is expected that the new
equations will provide some information on the consequence of
failure of the "immediate" approximation.

4.17 Reports, Publications, and Lectures

Publications

A COLOR EXCLUSION PRINCIPLE?: POSSIBLE ORIGIN FOR THE REPULSION
BETWEEN NUCLEONS AT SHORT DISTANCES
M. Harvey
Progress in Particles and Nuclear Physics J3{ 1982) 413
[Proc. Int. School Nuclear Physics, Erice 1981: Ed. Sir Denys
Wilkinson]

STRANGENESS-CHANGING NON-LEPTONIC DECAYS OF THE KAONS, HYPERONS
AND THE Q~ PARTICLE
H.C. Lee and K.B. Winterbon
Can. J. Phys. ^0(1982)405

ROLE OF 2p-2h STATES IN WEAK 0+-0~ TRANSITIONS IN A=16 NUCLEI
I.S. Towner and F.C. Khanna
Phys. Rev. Letts. A372(1981)331

ON THE VERIFICATION OF THE UNIVERSALITY OF FREE FALL BY NEUTRON
GRAVITY REFRACTOMETRY
V.F. Sears
Phys. Rev. D2Jj{1982) 2023

LOW ENERGY 7Li(p,n)7Be NEUTRON SOURCE (CANUTROM)
M.A. Lone, A.M. Ross, J.S. Fraser, S.O. Schriber, S.A.
Kushneriuk, and W.N. Selander;
AECL-7413, April, 1982

MAGNETIC CORRELATIONS IN DISORDERED MncZn^cTe ALLOYS
T.M. Holden, G. Dolling, V.F. Sears, J.K. Furdyna and W. Giriat
J. Appl. Phys. ^3(1982)1882

A HIGH RESOLUTION BREMSSTRAHLUNG MONOCHROMATOR FOR PHOTO-NUCLEAR
EXPERIMENTS
J.W. Knowles, W.F. Mills, R.N. King, G.E. Lee-Whiting, S. Yen,
B.O. Pich, J.C. Kim, T.E. Drake, L.S. Cardman and
R.L. Gulbranson
Nucl. Instr. and Methods 193(1982)463
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Lectures

ON THE FUNDAMENTAL STRUCTURE OF MATTER
M. Harvey
Science Teachers Seminar, Chalk River, April 15-17/82

NUCLEON-NUCLEON FORCE IN THE QUARK MODEL
M. Harvey
Invited talk, at the Workshop on Quarks, Univ. South Carolina,
April 22-24/82

CONTRIBUTION TO THE NN-INTERACTION FROM THE COLOR INTERACTION
AMONG CONSTITUENT QUARKS
M. Harvey
Invited talk at the 1982 CAP Congress, Kingston, June 21-24/82

BAG MODEL AND THE NAMBU-GOLDSTONE PION
H.C. Lee
given at TRIUMF, May 4/82

PION EXCHANGE PROCESSES IN NUCLEI: WEAK 0+-0~ TRANSITIONS
I.S. Towner
given at American Physical Society, Washington, April 26-29/82

MAGNETIC MOMENTS REVISITED
I.S. Towner
given at CAP Annual Congress, Kingston, June 21-24/82
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MATHEMATICS AND COMPUTATION BRANCH

D. McPherson

Staff

CDC 6600/CYBER 170/175 System

CDC CYBER 170/7 20 System

Nuclear Physics Computer Systems

Neutron Spectrometer Control System

Modelling of Hydrogen Pickup at the Ends of
Zr-2.5% Nb Pressure Tubes in Power Reactors

Stress Analysis Programs

Interpolation Using Rational Functions

The SOPHT Code

Modelling of Molecules and Crystals in Terms of
Potential Functions

Activation Calculations for INRS Irradiations

Spin Excitations in Magnetic Chains

Data Reduction Programs

Information Handling Programs

Miscellaneous Programs and Subroutines

Operations

Reports, Publications and Lectures
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5.1 Staff

Branch Head: D. McPherson

Section I: Systems

Head:
D. McPherson

Programmer/Analysts:
J.F. Steljes
C.J. Tanner

Programmers:
E.A. Okazaki
M.A. Peterson

Section II: Operations

Head:
B.B. Ostrom

Operations Supervisor:
P. McGandy

Operator Supervisor:
A.A. Laroche

Computer Operators:
K.J. Brown
R. Burton
M. Chapman (1)
R. Chinapen (2)
J. Dolling (3)
J.A. Guimond
C M . Hepburn
K.A. Livingston
J. Mackie (4)
S. Parr
S. Shannon
D. Tomas (5)
M.T. Walker
N.E. Zinck

Section III: Mathematical
Services and Applications

Head:
J.M. Blair

Mathematical Analysts:
S.B. Baset
G.H. Keech
W.N. Selander

Programmer/Analysts:
L
C
P

.E. Evans

.A. Wills

.Y. Wong

Programmers:
M,
D,
J.
M.
G.
V.
D.
L.
U.

.T. Boulanger
, Cheung
. Fisher
.D. Kent
,L. Klawitter
, Ruddock
,G. Stewart
, Yamazaki
,M. Zugelder

(6)

(7)
(8)

(9)
(10)
(ID

Section IV: Special Systems

Head
G.
L:
N. Williams

Programmer/Analysts:
M, Shaarani

Programmers:
E.G. Long
R. Roiha
E. Suttor

Secretarial Staff

(12)

G.J. Bateman
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(1) Summer student from Brock University, joined Branch
1982 April 26.

(2) Terminated employment effective 1982 June 4.

(3) Reclassified from temporary to summer student status,
transferred to Technical Information Branch effective
1982 May 17.

(4) Returned from Maternity Leave on 1982 June 8.

(5) Summer student from Algonquin College, joined Branch
1982 May 17.

(6) Attached half-time from the Office of the Director,
Physics Division.

(7) Waterloo University Co-op student, terminated 1982
April 28.

(8) National summer student, joined Branch 1982 April 19.

(9) Transferred to Advance Engineering Branch effective
1982 April 01.

(10) New employee, regular part-time status, joined Branch
1982 June 01.

(11) Waterloo University Co-op student, joined Branch
1982 May 03.

(12) National summer student, joined Branch 1982 May 06.
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5.2 CDC 6600/CYBER 170/175 System

5.2.1 Operating System

5.2.1.1 Resource Accounting

D. McPherson and E.A. Okazaki

Measures of the various resources used in job
execution - central processor time, central memory and
extended core storage, and input/output activity - are
combined to give a single number representing the "cost" of
a job. The algorithm used at CRNL has been virtually
unchanged since 1974, but over that time substantial changes
have taken place both in hardware and in the spectrum of job
characteristics. Accordingly, the resource accounting
algorithm has been revised (a) to make job "costs" more
accurately reflect the observed impact of a job on others
executing concurrently, and (b) to make the ratio of the
CRNL job "cost" to charges for the same job by commercial
service bureaux with roughly comparable hardware more nearly
constant over a wide range of job characteristics. The
effects of the revised algorithm are to reduce the "cost" of
compute-bound jobs by about 25%, and to increase the "cost"
of input/output-bound work by about a factor of five. For
the current job mix, the total "value" reported by the new
algorithm will be about 10% less than that reported by the
old algorithm. The new algorithm will be adopted July 1.

5.2.1.2 Job Scheduling

D. McPherson and W.J. Irving (Control Data Canada)

Jobs are selected for execution on the basis of an
input queue priority, which consists of an initial priority
determined by the job's resource requirements, and an aging
increment determined by the length of time the job has spent
in the input queue. Heretofore, the aged priority has been
tne only criterion for eligibility for execution, which
frequently means that some very long jobs get into execution
during prime time, either because of the aging or because of
a period in which there were no "better" candidates for
execution. in order to ensure that work with very high
demands on system resources is deferred to the off-shifts, a
™ n g e.i? scheduling rules has been implemented such that
DObs with an initial priority below a given threshold are

? S r f eligible for e e t i i i i
p y below a given threshold are

not ? S f eligible for execution in prime time, and are
not allowed to age across the threshold value
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5.2.2 Programming Languages and Utilities

5.2.2.1 SPITBOL Utility Programs

G.H. Keech

Two new SPITEOL utility programs have been developed
to assist in the installation of FORTRAN computer codes on
the CRNL system.

Both programs require as input the COMPILE source
file generated by UPDATE.

(a) LINK

LINK is a SPITBOL program to locate and cross-reference all
subroutine calls, entry points and any function names selected
by the user. LINK does a routine-by-routine search of the
source code for all references, and labels the output with
the UPDATE identifiers. The subroutine and function names
are sorted alphabetically and a cross-reference listing is
produced.

(b) FORMATS

FORMATS is a SPITBOL program that lists all FORTRAN formats
that output hollerith text. Secondly, the first 30 hollerith
characters of each format are sorted alphabetically and
listed with their UPDATE identifiers.

5.2.3 Subroutine Libraries

5.2.3.1 AELIB Modifications

G.L. Klawitter and L.E. Evans

On 1982 June 25 the existing AELIB routine LOCRL
was modified to resolve a minor code problem, and the new
routine NL2SOL, to minimize the sum-of-squares function of
a continuously differentiable function, was added to AELIB.

5.2.3.2 NL2SOL and NL2INT

C.A. Wills and J. Fisher

A new version of NL2SOL (PR-P-128, 5.13.2,
AECL-7234) has been received and tested. It appears to
converge faster than the old version and in most cases performs
better than MLSQQ. The few cases where MLSQQ has been found to
be better than NL2SOL have involved the difficult problem of
sums of exponentials. This new version of NL2SOL has excellent
diagnostics including error exits for the cases where the
model has been over-parameterized or the algorithm is
converging to a nor-critical point. The subroutine is now
available in AELIB.
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The subroutine NL2INT has been modified to call
the new version of NL2S0L (PR-P-131, 5.15.1, AECL-7510).
This is the recommended way for users to access NL2SOL and
is available on AELIB. The calling sequence for NL2INT is
the same as for MLSQQ. The only changes required for
conversion from MLSQQ are the declaration of a larger working
storage array, the format of array declarations in the auxiliary
routine, and the definition of a new COMMON block if there
is more than one independent variable.

5.3 CDC CYBER 170/7 20 System

5.3.1 Communications Subsystem

B.B. Ostrom and J.F. Steljes

The NOS communications subsystem was expanded to
include a remote node, i.e., a network processor (NPU) that,
instead of being directly coupled to the host 720, is linked
to the host via a "local11 NPU, with telephone line communica-
tion between remote and local NPU's. This type of configuration
is being evaluated as a possible means of improved and less
expensive communication between the Computing Centre and remotely
located clusters of users, e.g., Ottawa, WNRE, etc.

5.3.2 Programming Languages and Utilities

5.3.2.1 FORTRAN 5 Routines for User Interaction

G.N. Williams

A set of FORTRAN 5 routines has been written to
handle many of the common requirements of interactive programs
which prompt a user for input.

Routines have been provided to issue a prompt and
accept a keyword, a real or integer number in a specified
range, or a character string, in response to the prompt. All
validation is handled internally by the routines. Also
provided is a "HELP" facility, and a mechanism to allow the
user of the routines to "back up" to previous prompts should
an error in a response be detected.

The routines have built into them a "batch" mode which
allows a program using them to be run as a batch job, in which
case no prompts will be issued.

It is planned to recommend that new interactive
programs written for the CYBER 720 adopt the conventions built
into these routines so that some consistency is obtained in
the handling of interactive input.
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5.3.2.2 FPRINT

C.J. Tanner

A program has been written for the CYBER 170
Model 720 to display or print a file at a user's terminal.
The program FPRINT will:

(a) process files containing display code, 6/12 display
code, ASCII files (equivalent to P5 files), or terminal
image data (equivalent to P7 files).

(b) process print control characters in column 1 for a
variety of terminals.

(c) allow a user to interrupt printing and reposition the
file using commands similar to those processed by DISPLAY on
the 3300.

(d) look for the input file in the user's permanent file
directory (indirect or direct file) or his output queue.

FPRINT contains a HELP command which provides the
user with information about the commands that are supported.

5.3.2.3 DOCUMENT

M.T. Boulanger

DOCUMENT (see PR-P-129, 5.2.2.6, AECL-73 28), a
text-formatting program, was modified to execute on the
CYBER 170 Model 720. A CCL (CYBER Control Language)
procedure was written to execute this, program. A write-up
on how to use this procedure is being prepared.

5.4 Nuclear Physics Computer Systems

5.4.1 Burr-Brown Multiplexor

R. Roiha

The software for the Beam Profile Monitors has
been completed, tested, and demonstrated. The development
of the Faraday Cups and Four-Way Slitf software is in the
initial stages.

5.5 Neutron Spectrometer Control System

5.5.1 Neutron Spectrometer Control: the PLOT Package

W.J.L. Buyers and N.G. Campeau (Neutron and Solid
State Physics Branch) with G.H. Keech

See PR-P-134, 3.13, AECL-7778.
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5.6 Modelling of Hydrogen Pickup at the Ends
of Zr-2.5% Nb Pressure Tubes in Power Reactors

J.M. Blair and V.F. Urbanic (System Materials Branch)

V.F. Urbanic has devised a mathematical model for
the pickup and diffusion of hydrogen at the ends of pressure
tubes in power reactors (CRNL-1670 and CRNL-2019). Parameters
in this model are the ingress rate, the diffusivity, the
pressure tube corrosion rate, and the original hydrogen level.
The model computes, as a function of position and time, the
concentration of hydrogen for a given set of parameter values.
The region of interest is the high stress zone at the rolled
joint, since the combination of high stress and high hydrogen
concentration there can lead to cracking.

B.A. Cheadle, Metallurgical Engineering Branch, has
requested that we treat the parameters as statistical variables,
and assess the resulting spread in hydrogen concentration. From
this we can deduce the probable number of tubes in a reactor
attaining a critical level of concentration known as terminal
solid solubility. The approximate formula

var(C) - (TTJ |var((Ji,_) + I -̂ rl var (D) + | ̂ ] var(corr) + rg^l var(H)

is used to relate the variance of the concentration to the
variances of the parameters. The sensitivity coefficients

•KT- ;•••/ are estimated from the results of two runs of the
in

computer code. For example,

•£— - [C(x,t;<f>. +6((). ,D,corr,H) -C(x,t;<}>. ,D,corr,
oQ>. m xn in in

in

Var(D), var(corr) and var(H) can be estimated from experimental
data, but var(<j). ) is not known. However, measurements of

concentration have been taken from Pickering pressure tubes
removed after two years of operation, and Bruce tubes after
4.5 years. These measurements enable us to estimate var(C),
and hence we can deduce var(cj>. ) . The above formula now enables

us to predict var(C) as a function of time, and, using tables
of normal order statistics, we can predict the probable number
of tubes attaining a specific level of concentration. Results
have been computed in this manner for the Pickering Generating
Station.
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5.7 Stress Analysis Programs

5.7.1 MARC - General

S.B. Baset and D. Cheung

MARC-J2 version became the default system version
on 1982 June 1. This was accompanied by the distribution of
updated documentation and the release of a new system procedure
called MARCSYS to execute any MARC job. This version has been
performing satisfactorily to date.

5.7.2 MARC - Applications

S.B. Baset

At the request of H.w. Ghent of Nondestructive
Testing Development Branch, MARC is now being used to calculate
magnetic fields in highly nonlinear problems. The capability
of MARC to model the permeability and other variables as a
function of position, magnetic potential and/or magnetic
intensity has proved to be very useful. Also, at the request
of R. Metcalfe of Mechanical Equipment Development Branch,
MARC has been used to study the deformation behaviour of
pump seals under various loading and boundary conditions.

5.7.3 TPIPE - General

S.B. Baset and D. Cheung

TPIPE 4-4 version became the default system version
on 1982 June 7. A system procedure called TPIPEPR has also
been installed to execute TPIPE. This version has been
compiled on the CRNL computer using the source program
received from PMB Corporation in 1981.

5.7.4 NUPIPE

S.B. Baset

The NUPIPE computer program performs linear elastic
analysis of piping systems subject to thermal, static, seismic,
and dynamic time-history loads. The analysis is performed in
accordance with the requirements of the ASME Section III code
for nuclear class 1, 2, or 3 components, and ANSI B31.1 for
power piping, at the option of the user. Some Engineering
Company users have expressed a desire to switch from TPIPE
to NUPIPE because the latter has the multi-support excitations
feature, in addition to being more frequently updated and
more widely used.

Communications with the vendor of the program
(QUADREX Corporation of California) are underway to determine
the conditions and arrangements for a possible paid-up lease
contract between AECL and QUADREX.
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5.7.5 STARDYNE - General

S.B. Baset and D. Cheung

STARDYNE APR 01/82 - H version became the default
system version on 1982 April 8.

STARDYNE APR 02/82 - H version was installed on
1982 June 13 and became the default system version on 1982
June 14. This version corrects a record manager error which
exists in the previous version.

5.8 Interpolation using Rational Functions

U.M. Zugelder and C.A. Wills

The interpolation method used by the AELIB program
AIKINT is one of successive polynomial approximation.
Several problems have been reported which may have come
about because it is not always possible to approximate a set
of data points well by using a polynomial. These sets of
data could possibly be better approximated by a rational
function in the form,

a.+a,x+a,x + a xn

f (X) = _2__1 L n
1 + a l + n x + a 2 + n

x +----

In most cases, these values are calculated using one
of three recurrence relations (The Computer Journal, Vol. 10,
1967, "Some Techniques for Rational Interpolation," by
F.M. Larkin). However, under certain conditions, this
algorithm breaks down. This is sometimes due to the fact
that no rational interpolating function of the desired forir
exists and at other times because one of the components of
the recurrence relation does not exist. In the latter case,
the rational interpolating function is found by solving a
system of linear equations.

When all the existing approximations have been
determined for any given degree, the results are stored on
a "Cauchy array", and the problem remains of which approx-
imation to choose. Absolute or relative differences, as
chosen by the user, are calculated:

(1) between successive increases in the degree of the numerator,

(2) between successive increases in the degree of the
denominator,

(3) between successive increases in the degrees of both the
numerator and denominator,
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(4) between successive increases in the degree of the numerator
with a simultaneous decrease in the degree of the
denominator.

If any one difference is sufficiently small, calculations cease
and the corresponding approximation is returned to the calling
routine. Otherwise, these calculations continue up to degree
10. If a sufficiently small difference has not been found by
this time, the approximation associated with the smallest
difference is chosen.

Difficulties are still encountered, however, with
certain sets of data, specifically:

(1) when there are two points rather far apart through which
we expect a linear interpolation,

(2) when there are irregular fluctuations in the slope of
what we would expect to be a smooth curve through the
input data points.

The matter is being further investigated.

5.9 The SOPHT Code

P.Y. Wong

SOPHT (Simulation Of PHWR Heat Transport) is a
computer program developed by Ontario Hydro for reactor,
boiler and heat transport systems simulation (Ontario
Hydro report CNS-37-2, September 1977, by Y.F. Chang). The
code has been widely used by Ontario Hydro and AECL-EC to
predict system transients for CANDU-PHWR reactors. SOPHT
versions are available for Pickering (SOPHT-P), Bruce (SOPHT-B),
Darlington (SOPHT-D), Gentilly-2 (SOPHT-G2), and other
600 MWe stations. AECL-EC staff has been running SOPHT on the
Ontario Hydro computer and on the Multiple Access (a division
of Computer Service Group, Toronto) computer system.

A copy of the SOPHT package (which includes SOPHT-P
and SOPHT-B) was recently acquired by AECL-EC and we were
asked to install the package on the CRNL system. This
package has been converted and is now available on our
NOS/BE system. Preliminary testing indicates that there are
minor discrepancies between the CRNL and the Ontario Hydro
results which appear to be caused by round-off errors. This
problem is being investigated.
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5.10 Modelling of Molecules and Crystals
in Terms of Potential Functions

B.M. Powell (Neutron and Solid State Physics Branch) with
G.H. Keech

See PR-P-134, 3.14, AECL-7778.

5.11 Activation Calculations for INRS Irradiations

S.A. Kushneriuk (Theoretical Physics Branch) and P.Y. Wong

See PR-P-134, 4.2, AECL-7778.

5.12 Spin Excitations in Magnetic Chains

W.J.L. Buyers (Neutron and Solid State Physics Branch) with
M.D. Kent

See PR-P-134, 3.12, AECL-7778.

5.13 Data Reduction Programs

5.13.1 Data Processing System for
Analysis of Fuel Defect Experiments

5.13.1.1 GRAAS Changes

C.A. Wills and R.D. Delaney (Reactor Loops Branch)

GRAAS now uses the new version of NL2SOL (see
PR-P-134, 5.2.3.2, AECL-7778) and so should be faster since,
in general, fewer iterations are needed to fit each group
of peaks.

A new input variable WIDMAX has been provided.
When a group of peaks cannot be fitted by NL2SOL, the program
discards "peaks" with an amplitude of less than one count or
those which have become too narrow or too wide. WIDMAX
defines the maximum acceptable width for these peaks. Its
default value is five standard deviations. This variable
is necessary because summed spectra occasionally result in
very broad peaks.

Spectra on tapes with sidestream format having
position numbers 40-49 are now considered to be from sweep
gas experiments. Position 49 is the calibration position.
Other miscellaneous experiments will be assigned to specific
position numbers as the need arises.

The code was corrected so that automatic calibration
could be done for spectra in sidestream positions (00-39).
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5.13.1.2 SUMRT Changes

C.A. Wills, R.D. Delaney (Reactor Loops Branch), and
C.E.L. Hunt (Fuel Engineering Branch)

The equation used to calculate the geometry factor
for the sweep gas spectrometer (PR-P-132, 5.9.1, AECL-7605)
was changed to read

p +p /(lnE-p,)+p (lnE-p,)2

<j> = e 1 ^ J 4 J / (a+0.001 E*b)

The values of E, p., p_, p~, p., a and b remain as before.

A draft copy of the "User's Guide for SUMRT" has
been given to users for comment.

A new X2 loop model is being tested. This involves
tracing values of concentration around the various portions
of the loop instead of assuming uniform mixing as the current
model does. Preliminary testing shows that this model works
as well as the old model and has the further advantage that
the sidestream portion of the loop and deposition can more
easily be included. Further testing is planned.

5.13.2 Demonstration Programs for the
Analysis of Nuclear Physics Data
M. Shaarani

The following changes have occurred in the status
of the ALLONE implementation (see PR-P-133, 5.7, AECL-7683):

(a) user interaction handler - code complete (no change),

(b) set-up and editing of analysis parameters - code
complete,

(c) analysis of data - optimization and code complete,

(d) graphical display of data - initial version of display
routines complete (no change).

This brings all individual phases to completion. The task of
providing the necessary links between the various phases is
in progress.



- 96 -

5.14 Information Handling Programs

5.14.1 SUBPROD

M.T. Boulanger

A COBOL program, SUBPROD, was written for Systems
Design Branch to duplicate information from the "Prodmaster"
file under a new job number, thus allowing the user to
manipulate the information (using PROD) without changing it
under the old job number.

5.14.2 Radiation Recording System

C.J. Tanner and M.T. Boulanger

A system to store radiation readings from water
sources around CRNL is being set up for Environmental
Research Branch and the Chalk. River Environmental Authority.
The system consists of a series of files, one for each type
of radiation being read. Data input is via programs which
run on the CYBER 170 Model 720 and produce an input file for
Query Update on the NOS/BE machines. Reports will be
produced by Query Update and COBOL programs.

At present the files have been established and work
is progressing on the reporting programs.

5.15 Miscellaneous Programs and Subroutines

5.15.1 RADCURV

C.A. Wills, J.M. Blair and J. Fisher

A change has been made to the algorithm used in the
subroutine RADCURV as reported in PR-P-133, 5.6, AECL-7683.
The initial estimates to the radius R and centre of curvature
(h,k) are refined by the nonlinear least squares routine
NL2SOL to minimize the sum of squares of

/ ( x . - h ) 2 • '" "--2• ( y . - k ) * - R

This formulation of the problem takes advantage of the ability
of NL2S0L to minimize the sum of squares of a function in any
general form and eliminates the problem of determining the
correct sign in the formula previously used.

The subroutine is being prepared for inclusion in
AELIB.
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5.15.2 Rapid Approximations for che Bickley Function Ki (x)

C.A. Wills and J.M. Blair

H.C. Chow and M. Mischkot of the Engineering
Company have incorporated the approximations described in
PR-P-132, 5.6, AECL-7605, in the two-dimensional collision
probability transport code GETRANS. The improvements in
integration time per energy group, total CP time and job
cost on the CDC 6600 are summarized in the following table.

Old

New

Integration
per energy

(s)

111.3

69.7

% Reduction 37.4

3 Modification of UKAEA

time
group

DENZ Code

Total
CP time

(s)

546

379

30.6

Job
cost
($)

191.4

135.7

29.1

5.15.3

G.L. Klawitter and J.M. Blair

At the request of L. Truong, Atomic Energy Control
Board, DENZ, a UKAEA program for the calculation of the
dispersion of dense toxic or explosive gases in the atmosphere,
has been converted from ICL to CDC FORTRAN to make it operable
on the CRNL computer system. The output generated by executing
the program on a supplied benchmark, as well as a modified
DENZ code FORTRAN 5 compilation, were sent to L. Truong for
approval.

5.15.4 Shapes for RFQ Electrodes

G.E. Lee-Whiting (Theoretical Physics Branch) with
G.L. Klawitter

See PR-P-134, 4.15, AECL-7778.

5.16 Operations

5.16.1 Permanent File Archiving Algorithm

V. Ruddock

The permanent file archiving program PFARCH, which
selects files to be archived when disc space is required for
active files, has been modified so it will run more efficiently
and effectively.
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The original program used PRUs (Physical Record
Units) to designate the size of files, but was changed to
RBs (Record Blocks), i.e., it now uses disc space assigned to
a file rather than space actually used.

The old algorithm used to determine whether a file
should be archived depended on the age, idle time and number
of attaches of the file. This criterion is called the
inefficiency factor of the file. The algorithm was in the
form

with the sole constraint that the size of the fila be greater
than 0.

The new algorithm incorporates the size of the file,
as well as the age, idle time, and number of attaches to the
file. It is in the form

ineff factor = (# TaltathH + 1)
 x idle tIme

with the constraint that files with size _<0 and idle time
<1Q be ignored.

5.16.2 Dayfile Analyzer

V. Ruddock

The dayfile analyzer program, DFA, was written to
prepare a job summary file for all accountable computer
programs run on the CDC 6600 and CYBER 17 0 Model 17 5 at CRNL.
Using this smnmary file, several monthly accounting and stat-
istical programs, as well as daily report-generating programs,
provide individual users, branches, and entire divisions, with
summary information on relative times and costs of their
programs.

Since 1969, when DFA was originally written, the
specifications and requirements have changed, as a result of
changes to job accounting parameters and as commercial
applications programs have been introduced to the software
library. At the same time that the changes are being
incorporated in DFA, the opportunity has been taken to
modularize and structure the code, in order to make it more
comprehensible and more easily maintained.
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The new DFA is currently being written in FORTRAN 5.
Instead of using many GO TO statements, the program is being
broken down using block IFs and subroutines. There are also
several additions to the program. DFA will be able to handle
certain system jobs differently from regular jobs. It will
also take into account programs which are leased. These
programs have a $LEASE message, and also have summary
statements in their dayfile. The figures associated with
these summary statements must be separated from the total
figures of the job. The old program did not handle these
statements in this way.

5.16.3 Computer Use by Division

The following table is an analysis of the jobs
processed during the quarter:

Number of Jobs
Utilization
System Seconds

Corporate Head Office
Radiochemical Company
Chemical Company
Engineering Company
WNRE
CRNL:
Computing Centre
Contracts
Technical Information

& University Relations
Health Sciences
Chemistry & Materials
Physics

918
466

1095
32163
2402

30633
1062

577
4517
3397
8444

Electronics, Instrumentation
& Control

Advanced Projects
& Reactor Physics

Fuels & Materials
Administration
Finance
Operations
Maintenance &

Construction
General Services
Plant Design
Special Projects
Environmental Authority
Commercial Operations
Others

919

18899
13807
857

2808
3382

12
81

1086
3264
126
100
22

(0
(0
(0

(24
(1

(23
(0

(0
(3.
(2,
(6,

(0,

(14.
(10.
(0.
(2.
(2.

(0.
(0.
(0.
(2.
(0.
(0.
(0.

.70%)

.36%)

.84%)

.54%)

.83%)

.38%)

.81%)

.44%)

.45%)

.59%)

.44%)

.70%)

.42%)

.54%)
,65%)
.14%)
,58%)

01%)
06%)
83%)
49%)
10%)
08%)
01%)

31946
7450
7543

1278011
101879

420609
14375

13891
73004

252416
452042

3099J

588635
426663

6796
134458
221598

46
3144

10586
106800

164
590
78

(0
(0
(0

(30
(2

(10
(0

(0
(1
(6,

(10,

(0.

(14.
(10.
(0.
(3.
(5.

(0.
(0.
(0.
(2.
(0.
(0.
(0.

.76%)

.18%)

.18%)

.55%)

.44%)

.05%)

.34%)

.33%)

.74%)

.03%)

.80%)

.74%)

,07%)
,20%)
,16%)
,21%)
30%)

00%)
08%)
25%)
55%)
00%)
01%)
00%)

131037 4183722
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5.17 Reports, Publications and Lectures

Reports

AECL-7413, LOW ENERGY 7Li(p,n)7Be NEUTRON SOURCE (CANUTRON)
PASS-18-5-R
M.A. Lone, A.M. Ross, J.S. Fraser, S.O. Schriber, S.A. Kushneriuk
and W.N. Selander
1982 April

AECL-7261, PREPARATION OF MAGNETIC TAPES FOR THE TRANSFER
OF INFORMATION TO/FROM OTHER COMPUTER SYSTEMS
K.D. Clark and M.A. Peterson
198 2 June

Publications

COMPUTING CENTRE NEWSLETTER, Vol. 9, Nos. 4, 5 and 6
E.A. Okazaki, Editor
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ACCELERATOR PHYSICS BRANCH

by

J.H. Ormrod

6.1 Staff

6.2 Nuclear Power Applications

6.2.1 High Current Proton Accelerator

6.2.2 Electron Test Accelerator

6.3 Research Applications

6.3.1 Fast Intense Neutron Source
6.3.2 Heavy-Ion Superconducting Cyclotron

6.4 Mechanical Laboratory

6.4.1 High Current Proton Accelerator
6.4.2 Electron Test Accelerator
6.4.3 Heavy-Ion Superconducting Cyclotron
6.4.4 Reactor Physics

6.5 Publications, Reports, Papers, Lectures and Patents
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6.1 Staff

BRANCH HEAD:

Professional Staff

r
J

K.C
B
M
L
E
J

C.R
J,
R

J.-

G,
H,
S.
M,

.B.

.C.
• D.
.G.
.S.
• W.
.A.
. D.
.J.
.A.
.M.
-P.
J.
,E.
.R.
.O.
.R.
J.

Bigham
Brown
Chan
Chidley
de Jong
Funk (1)
Heighway
Hepburn (2)
Hoffmann
Hulbert
Hutcheon
Labrie
McKeown
McMichael
Schneider (3)
Schriber
Shubaly
Ungrin

Mechanical Laboratory

J.
R.
R.
R.
D.
J.

E.
J.
J.
J.
W.
F.

Anderchek
Bakewell
Kelly
Klatt
Warren
Weaver

Attached Staff

L.D. Hansborough (

Waterloo Student

Ormrod

Technical Staff

R.T.F.
L.F.
R.J.
H.F.
D.W.
M.F.
K.A.
B.A.
K.J.
J.C.
S.H.
J.E.
P.J.
W.L.
R.E.
J.F.
J.G.
R.A.
A.E.

Bird
Birney
Burton
Campbell
Clements
Coulas
Dobbs
Gillies
Hohban
Jones
Kidner
McGregor
Metivier
Michel
Milks
Mouris
Plato
Vokes
Weeden

(6)

Laboratory Services

K.T. McKee

Summer Students

c.
A.

S.R.
D.

L.
E.
D.
A.

Bear
Hubbard
Murphy
Thompson

(7)
(8)
(9)
(10)

Secretarial Staff

M.A. Trecartin

K.M. Parks (5)

(1) Posted to GSI, Darmstadt, West Germany, 1981 July 13.
(2) Attached half time from the Office of the Director of

Research.
(3) Posted to Lawrence Berkeley Laboratory, Berkeley, CA,

1982 April 01.
(4) Attached Staff from Los Alamos National Laboratory,

arrived 1982 January 11.
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(5) Resigned 1982 April 23.
(6) Resigned 1982 May 14.
(7) Arrived 1982 June 14.
(8) Arrived 1982 May 11.
(9) Arrived 1982 May 04.

(10) Arrived 1982 June 01.
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C.2 Nuclear Power Applications

6.2.1 High Current Proton Accelerator

S.O» Schriber

Design and development continues of components for a
high current 100% duty factor proton linac that will be used to
study problems associated with the low energy portion of an
electronuclear breeder. Design studies of an improved Alvarez
structure (output energy 2.6 MeV) and an RFQ structure that
will provide information for the design cf a 10 MeV, 300 mA
proton accelerator are underway.

6.2.1.1 Ion Source and Injector Development

M.R. Shubaly and M.S. de Jong

6.2.1.1.1 Test Facilities

Shields have been added to the straight-through and
H2 + H3+ beam dumps on ITE to protect the diffusion pump baffles
from scattered beam. This, and a reduction of the amount of
oil in the pumps, have greatly reduced oil contamination
encountered previously.

An emittance pepper-pot plate installed in place of
the proton beam dump was tested with proton beams. The plate
handled currents up to 50 mA satisfactorily, but the plastic
scintillator (downstream of the plate) used for observing
beamlets was severely burned after 1 hour of operation. A new
scintillator usinq Nal evaporated onto a glass plate has been
prepared as a replacement.

New pole pieces for the bending magnet were fabri-
cated and are ready for installation. The Langmuir probe
carriage was completed and installed on ITE in place of the
accelerating column.

A check of current and voltage calibrations for the
HVPS showed that current readings were 10% to 15% high. A 2 to
3 kV, ^ 1 kHz oscillation was noted on the output voltage. The
factory was consulted to help with repairs that are now in
progress.

A 0.25 T solenoid was designed for installation
between the ion source and bending magnet on ITE. It will be
used to study emittance growth associated with solenoidal
focusing.
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6.2.1.1.2 High Current Ion Source

Development of the ring-cusp duoPIGatron continues.
A large H2"1" current from the centre aperture is caused by a
high energy electron beam generated in the source. Methods to
mask off this beam are being investigated. The magnetic con-
figuration presently used for the ring-cusp source is adequate
only for beam from the seven inner apertures. Current density
drops off rapidly as a function of distance from axis because
of a rapid increase in magnetic field off axis. Modeling
studies on a new configuration are underway.

Concerns about the possible deleterious effect on
emittance of the high magnetic field at the extraction aperture
proved to be unfounded. Emittance of a 142 mA beam from 3
apertures was as good as that from the simple duoPIGatron with
similar current.

In an effort to improve the efficiency of an axial-
cusp duoPIGatron, modeling studies of some alternative magnetic
circuits are underway.

6.2.1.1.3 Injector Design and Development

The present design of the RFQ1 injector uses a 60°
bending magnet for ion species separation and two solenoids,
one between the ion source and bending magnet and one at the
entrance to the RFQ, the latter to match the beam to the RFQ
acceptance. For a 100 mA beam that is 95% space charge
neutralized to the second solenoid and unneutralized through it
to the RFQ, required solenoid fields are 0.22 T and 0.47 T.
Final mechanical design of the injector will not be feasible
until the effects of high solenoidal fields can be studied. To
provide additional control of the beam shape, field index trim
coils will be used on the bending magnet-

Detailed mechanical design for injector components is
underway. Diffusion and roughing/backing pumps have been
ordered.

6.2.1.1.4 Injector Control and Diagnostics

Development of control computers for injectors is
continuing with the development of an analog-to-digital,
digital-to-analog interface board, a general purpose wire-wrap
prototype board for interfacing and a memory board that can use
electrically-eraseable PROMS for storage of system character-
istics. A multi-channel fibre-optic link for communication
between the high-voltage dome and ground is being fabricated.
To aid in software development a CP/M-80 operating system and
two language sy.r m s, FORTH and PL/I, have been ordered.
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Development of a dc beam current monitor, based on
the LANL design, is underway.

6.2.1.2. Code Development

6.2.1.2.1 Linac Design Codes

B.G. Chidley and G.E. McMichael

Development and use of linac design codes continues.
A new program POTRFQ written by G.E. Lee-Whiting (Theoretical
Physics Branch) is being used to determine RFQ pole tip shapes
that will minimize the field enhancement factor. This program
is much faster than CHARG3D and a more extensive survey can be
undertaken.

6.2.1.2.2 General

(a) TRANSOPTR

M.S. de Jong and E.A. Heighway

The code TRANSOPTR (second order beam transport
design with constrained optimization) has been improved
recently in several respects:

(i) fits may now be made at any location in the transport
system,

(ii) the six dimensional vector notation of TRANSPORT has
been adopted,

(iii) bends in other than a single plane are allowed,

(iv) fits can be made for any function of either the sigma
matrix or transfer matrix within the system,

(v) a grid search over the parameter space may be made
before optimization is begun,

(vi) a solenoid element has been added, and

(vii) first order transverse space charge effects in con-
tinuous beams have been implemented.

The addition of optimization including space charge
and other features make TRANSOPTR a more powerful design tool
than TRANSPORT.

Work is underway to incorporate longitudinal and
transverse space charge effects in bunched beams.
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(b) Development Station

J.D. Hepburn

Hewlett-Packard has repaired the microprocessor
development station emulator for 8085-type processors, allowing
increased use of the station. Software updates have been
received, but not all known problems have been resolved.

6.2.1.3 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.

6.2.1.3.1 Rf Systems

J.C• Brown

About a month after repairs to the 400 kW dummy load
last September (PR-P-131, 6.2.1.3.2; AECL-7510), a large leak
developed at the input end-cone to water-sheath seal. The
central resistor water tube had expanded in length from water
absorption, pushing the input end O-ring seal beyond the end of
the water sheath. Although expansion was expected because the
tube had dried during two years of storage, the allowance based
on an early measurement proved inadequate. To correct this,
the water sheath was lengthened by replacing the brass
extension piece at the rf cold end.

After reassembly of the load, time domain reflecto-
metry measurements were made to identify the location of an
impedance mismatch. The mismatch is related to a low impedance
discontinuity at the transition from the input coaxial line to
the load end plate. As the input VSWR is considered accepta-
ble, modification of the outer conductor junction to correct
this was not attempted.

During transfer of the load from the repair location
to its operating position on the mezzanine, the support frame
flexed enough to separate the water sheath from its extension
allowing it to leak water. Repairs are in progress.

6.2.1.3.2 Alvarez Tank

J. Ungrin

Preliminary energy measurements have been completed
on the accelerated beam. Magnet resolution appears to be ade-
quate for the beam spread observed. Detailed measurements
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will be carried out as soon as improvements to the data
handling and magnet sweep systems have been completed.

6.2.1.4 Zero Energy Breeder Accelerator (ZEBRA)

S.O. Schriber

ZEBRA is a 10 MeV, 3 00 mA cw proton linac, now in the
conceptual design stage. A number of pre-ZEBRA experiments are
in progress.

6.2.1.4.1 Radio-Frequency Quadrupole

B.G. Chidley, R.M. Hutcheon, G.E. McMichael,
L.D. Hansborough (visitor from Los Alamos National
Laboratory), S.O. Schriber and R.B. Turner
(Engineering Research Branch)

(a) Rf Quadrupole Studies

Work, has continued with the object of understanding
the action of end tuners, end plates, and end configurations.

If vanes are installed without an end cutback and in
the conventional configuration, then, with the end plate and
er.d tuners withdrawn, the longitudinal field distribution in a
quadrant will be peaked in the middle (drooping at the ends).
If the end tuners are inserted (while maintaining azimuthal
symmetry), the fields at the tube ends are increased and, in
general, a flat field configuration can be achieved. However,
the end tuner gap may be too small for practical purposes. If
the vane ends are cut back, a flat distribution is obtained
with a larger end tuner gap. In fact, if the cutback is made
large enough, a flat field may be obtained without end tuners
or end plate.

The quadrupole-dipole mode separation predicted by
SUPERFISH is larger than measured separations, due undoubtedly
to finite tube length and end terminations. The effects of end
plate position and tube length on mode separation were esti-
mated by simple lumped circuit models that give mode sepa-
rations much closer to measured values.

The staggered vane RFQ geometry was tested in two
models, one with a large bore and one with a very small bore
2 mm diameter aperture). The dipole modes were lower than the
quadrupole for the large bore case, and higher for the small
bore. In all respects the azimufchal tuning rules were
completely inverted for the latter case, including response to
quadrant area change as well as to end effects. The measured
sensitivity of azimuthal field tilt to variations in the outer
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radius was at least a factor of three less than SUPERFISH pre-
dictions (PR-P-132, Table 6.2.2; AECL-7605).

Radial end tuning plungers were tested on the small
bore staggered vane model, and were found to have the normal
end tuner rf characteristics. With four end tuners, a tuning
range of 0.25% in frequency was available using a minimum tuner
gap of one bore diameter and a tuning plunger diameter of 3.5
bore diameters. Over this tuning range the change in longi-
tudinal field tilt was at most 5%. A programmed change in the
four end tuners could be used for frequency variation.

(b) Rf Quadrupole Mechanical Design

Design of the RFQ cold cavity Model III was com-
pleted. The final design uses two "picture-frame" hoops to
hold and align the four 120 cm long RFQ vanes as shown in Fig.
6.2.1. The design allows changing the relative positions of
the vanes and quadrant walls. A tuning manifold and a variety
of end tuner configurations can be studied. All parts are
being fabricated with assembly expected to begin late July.

Attachment of the RFQ end tuners directly to the ends
of the vanes reduces the design demands on the ends of the RFQ
resonator cavity. Since the highest rf currents in the end-
tuner region are those that flow between the end of the vane
and the tuner, direct attachment of the tuner to the vane
allows the use of a low-current joint between the resonator
cavity walls and end covers. The concept of connecting the end
tuner and vane with a Bourdon tube is shown in Fig. 6.2.2. The
RFQ vanes may be positioned to a point near the beam inlet, and
the large amount of space available for an inlet focusing
magnet simplifies the design of the injector beam line.
Testing of a Bourdon tube for stable operation is in progress.
Preliminary results are encouraging.

Sparking between the end tuners and the RFQ vanes was
a major problem with the Los Alamos RFQ POP experiment. Narrow
cross-section RFQ vanes are desirable to reduce power con-
sumption; however, locally flaring the vanes in the immediate
vicinity of the end tuners allows a larger vane-to-tuner gap
for the source capacitance and shoulj inhibit breakdown in the
gap. Paits are being fabricated to study the tuner rf
character.'c tics in the Model III RFQ cold cavity.

Studies investigating mechanical problems associated
with a 3.7 m long ZEBRA RFQ have begun. A major problem is
weight of components. A completely assenbled RFQ linac (less
vacuum pumps and rf drive) would weigh approximately 6000 kg;
each RFQ vane would weigh about 8 50 kg. A large-capacity crane
would be required unless the RFQ is assembled on the beam line.
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Fig. 6.2.1 RFQ cold cavity, Model I I I .
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Fig. 6.2.2 Bourdon tube RFQ end tuner.
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Practical limits on copper-plating processes limit the length
of some components to about 2.5 m; if a copper-plated structure
is used, either plating technology must be improved, or the RFQ
must be assembled using parts sufficiently small to be plated.

Studies of the mechanical problems of a 2.3 m long
RPQ1 are in progress.

The sparker box sides were successfully brazed and
the sub-assemblies are currently being machined. No new
machining problems have arisen and the device will soon be
ready for tuning.

(c) RPQ1 - 75 mA cw, 600 keV Accelerator

The beam dynamics design to fix the major vane
parameters for CRNL's first full power RFQ accelerato" has been
completed. This accelerator will be used to test space charge
limits and verify design techniques for cw high current RFQ's.
It will also be used as an injector for the 2BLAT Alvarez linac
to study 2-tank operation and the problems associated with
matching a beam between an RFQ and drift-tube linac.

Parameters for RFQ1 are as follows:

Frequency - 2 69.0 MHz
Accelerator Structure Power Dissipation - 200 kW
Input Energy - 50 keV
Output Energy - 600 keV
Maximum Current - 75 mA cw
Length - 2.32 m (277 cells)
Vane Voltage "V" - 71 kV
Mean Bore Radius "ro" - 0.464 cm

A number of other designs with higher electric field
gradients and/or higher injection energy were studied and
rejected. If sparking proves not to be a problem, the selected
design could be driven at higher gradient to give better trans-
mission or higher current.

6.2.1.4.2 Two Beta Lambda Alvarez Tank (2BLAT)

J. Ungrin and L.D. Hansborough (visitor from Los
Alamos National Laboratory)

Detailed design of this 14 cell Alvarez tank has been
suspended until the beam dynamics studies of the output beam
from RFQ1 are completed.
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Examination of the reaction products and cross
sections for fast neutrons produced by beam spill along the
ZEBRA drift tube linac shows that the radiation fields produced
in the drift tubes or tank shells by neutron capture are small
compared to the ^^Zn radiation produced on-axis by the
(p,n) reaction on copper regardless of whether mild steel,
stainless steel or aluminum is used as the structural material
for the copper-plated layer.

Different plating techniques are required for each of
the three backing materials. It has therefore been decided to
choose one of these three materials that can be used for all
parts of the linac. Mild steel is ruled out because of its
effect on the drift tube quadrupole fields. Recent experience
with aluminum welding and known corrosion problems with alumi-
num indicate that stainless steel will be the final choice. A
search is underway for a suitable vendor to plate high conduc-
tivity copper onto stainless steel samples.

Field stabilization measurements with post-couplers
continue on the 22 cell aluminum Alvarez model tank. A new
technique has been developed to determine the region where fine
tuning of the post couplers can begin: A bead pull without
post couplers is taken and the fields in gaps 2, 3 and 4 are
averaged and normalized to unity. Pin denotes the field
in gap i with no post couplers. A second bead pull is taken
with post coupler to drift tube spacing of x cm, and Pix
denotes the corresponding gap fields. A distortion parameter,
Dx, is then defined by

Dx = Zip. -p. IA ^' :LX in'

Figure 6.2.3 shows a plot of Dx as a function of the spacing,
x, for a typical series of measurements. The distortion
parameter D remains relatively small while post-coupler mode
frequencies are above the accelerating mode. Severe distortion
occurs as the band of modes overlaps the accelerating mode.
Finally when the band of coupler modes is below the acceler-
ating mode frequency, D again becomes small. Field stabili-
zation occurs just at the point where the band of post-coupler
modes closes with the tank accelerating mode band. The arrow
in the figure indicates the drift-tube-to-post-coupler spacing
corresponding to on-axis field stabilization. At this spacing
the tilt sensitivity as determined by end plate frequency
shifts is < 1%/MHz (without post-couplers the tilt is %
55 %/MHz).



- 114 -

800 9.8 cm DRIFT TUBE DIAMETER

LARGE POST COUPLER TABS

6 0 0

111

jjj<a:<
a.

o
t-
QCL
O

CO
Q

400

200

FIELD STABALIZED
SPACING

K X X X"*

X

\

2 4 6 8 10 12 14

POST COUPLER - DRIFT TUBE SPACING (cm)

Fig. 6.2.3 Distortion parameter for on-axis fields plotted as
a function of post-coupler to drift-tube spacing
for 98 mm diameter drift tubes. Field stabilized
spacing is 5.2 cm.
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Using the above technique, field stabilization with
post couplers has been achieved on the 50 cm diameter model
tank with drift tubes that are 76 ram in diameter. (Previous
measurement with 98 mm diameter drift tubes were reported
earlier in PR-P-131, 6.2.1.4.2; AECL-7510.) The drift tubes
were reduced in diameter to 57 mm and D was again found as a
function of the post-coupler-to-drift-tube spacing. Curves
similar to those seen in Fig. 6.2.3 were found for post
couplers with and without tabs. However, in this case it was
not possible to find a field stabilized position.

Figure 6.2.4 shows a plot of the drift-tube-to-post-
coupler spacing at the field stabilized point as a function of
d/T where d is che drift tube diameter and T is the tank
diameter. For the 57 mm drift tube case, corresponding to d/T
= 0.114, the expected spacinq, namely, the spacing at the
inside of the distortion curve is used. Two lines are shown in
the figure. One corresponds to the case with no tabs on the
post couplers while the second corresponds to post, couplers
with an eccentric tab ^5.7 times the area of the post-coupler
end. The two curves suggest that as d/T increases, a value is
reached that has no gap. For d/T = 0.25 corresponding to 125
mm diameter drift tubes, it should not be possible to stabilize
the on-axis fields using the postcouplers without tabs (i.e.,
the spacing required is < 0) while for posts with the large
eccentric tabs stabilization should be possible with a spacing
of ^ 2 cm.

A set of 125 mm diameter drift tubes has been
installed on the model tank and measurements are in progress.
Further measurements will also be made with the 57 mm drift
tubes to investigate why field stabilization appears to fail as
d/T is decreased.

A series of experiments has been made on the 480 MHz
2BLAT model aimed at reducing currents on the drift-tube stem-
to-tank wall joint. Previous experiments on the 3 MeV Alvarez
tank suggested that an important parameter in determining the
stem currents was the position of the stem relative to the
drift tube cell boundary. A series of mounting holes off-set
from the drift tube centre line was made in the 2BLAT model
drift tubes to allow this hypothesis to be tested. The stems
were electrically isolated from the top tank cover and power
measurements were made on the stems as a function of mounting
position.

The largest stem current problems observed on the 3
MeV Alvarez occurred on the first ;-.:.d last drift tubes.
Measurements on the model confirmed these results; the stem
displacement must, in both cases, be towards the end walls to
reduce the currents. These displacements which are 3-4 times
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Fig. 6.2.4 Field stabilized post-coupler to drift-tube spacing
versus ratio of drift tube to tank diameter. For
57 mm case the expected spacing as determined from
the distortion parameter is used.
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the 0.5 mm difference between the drift tube centre and the
cell boundary show that the lack of symmetry in the end cells
is the major contribution to the stem currents.

A very simple attempt to introduce symmetry into the
end cells was made by attaching a semi-circular cross section
bar to each end plate (i.e., a half stem) above each 1/2 drift
tube. This reduced the stem currents in the first and last
drift tube stems by a factor of > 100. Experiments with
detailed fine tuning of the stem position relative r.o the cell
boundary continue.

An alternative solution to using a half stem on the
tank plate was also found. If the length of the 1/2 drift
tubes is reduced, a large reduction in the stem currents in the
first and last cells occurs. This change in the geometry of
the end cells, however, results in a significant (̂  2%) shift
in the frequency of these end cells and also increases the
overall tank frequency.

Soldered rf joints between the drift tube stems and
tank wall were successfully used in the 3 MeV Alvarez; however,
these joints were difficult to make, and precluded any further
drift tube alignment. A technique using an induction heating
power supply is being developed. Preliminary tests on a mockup
of a drift tube stem termination showed that "cherry red"
temperatures could be obtained within 3 minutes. 50-50 solder
(50% Pb, 50% Sn; melting point = 241°C) with ZnCl flux readily
melted and flowed well; this was the combination used for the 3
MeV Alvarez joints. Parts have been fabricated for further
experiments, and additional types of solders have been
ordered.

6.2.1.4.3 Resonant Load

J.C. Brown and R.B. Turner (Engineering Research
Branch)

Drawings for the shielding walls were completed and
released for construction.

A design study has been started on methods for girder
mounting drift tubes in the ZEBRA Alvarez tanks. A prototype
with one drift tube will be built and tested in the resonant
load tank, using one of the two tuner ports.

The tuning plunger was assembled and its motor drive
system was tested in air. Also the drive loop is now ready for
coupling adjustment and installation.
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Construction of the cooling system was completed.
The system uses river water obtained from a PVC header feeding
two smaller systems. To avoid corrosion problems with aluminum
surfaces of the resonant load, the distribution system was made
from stainless steel piping and PVC tubing.

Design of a high power ceramic window to replace the
teflon window used in the loop assembly, was started. To use
existing loop components, a disc shape was chosen. Because
the dielectric constant of the most suitable material, alumina,
is about four times that of teflon, the ratio of the inner and
outer diameters must be increased significantly to provide an
impedance match. For a 50 ohm drive line, the outer diameter
would become impractically large (about 600 mm), assuming the
same loop and centre conductor assembly were retained. The
window dimensions become acceptable (about 280 mm OD) if the
drive line impedance is reduced to 35 ohm as used in the LANL
FMIT design. To match the 35 ohm loop assembly to the 50 ohm
feed line, an impedance transformer must be placed upstream of
the window. This consists of two series connected sections of
transmission line, one 50 and the other 35 ohm impedance and ̂
X/12 in length. This arrangement is easily placed in the short
spacer section next to the loop assembly.

6.2.1.4.4 Control System

M.R. Shubaly

Two languages have been ordered for further evalu-
ation-PL/I (Subset G) for system programming and FORTH for the
operator interface. Some commercially available control
systems are being investigated as to their suitability.

6.2.1.4.5 Rf Systems

J.C. Brown

About 5 MW of cw rf power at two frequencies will be
needed to accelerate the ZEBRA beam and to overcome tank
losses. The rf systems required to generate this power must
consist of a number of amplifier modules which operate either
directly into the accelerator tanks through a transmission
system or combined in some way before transmission.

The most common experience of other laboratory users
of high power rf amplifiers operating at frequencies above 30
MHz where lumped circuit resonators can no longer be used, has
been spurious or circumferential mode problems. Such modes
shorten tube life through localized heating, cause spark-overs
and insulator damage from excessive voltage and prevents oper-
ation at rated output or with high load mismatch.
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Tube manufacturers can modify tube structures to
reduce circumferential modes but there are limits to the extent
such measures can be applied internally. For a successful
system design, close liaison between the user, equipment manu-
facturer and tube manufacturer is essential. Manufacturers who
build both the equipment and the tubes used in them claim
special advantage by being better able to maintain this liaison
through design and manufacture.

Recently, five European manufacturers were visited,
four of which make rf systems using gridded tubes. Three of
these also manufactured the gridded tubes used in the
equipment. Two of the five make klystron amplifiers with a
unit size and an efficiency approaching that needed for an
electronuclear breeder. Because of length requirements, only
one of these was capable of making a 1 MW 216 MHz klystron
suitable for the drift tube section of the ZEBRA accelerator.

6.2.1.4.6 General

S.O. Schriber

Building layout plans for ZEBRA and associated
accelerator breeder work in Quebec have gone through several
iterations. The present design consists of adjoining building
sections separated into four basic areas - ZEBRA laboratory (56
m by 50 m), workshops (28 m by 50 m), services (12 m by 36 m)
and a three storey office building (28 m by 50 in). Space has
been provided for 70 scientific staff, 20 laboratories and 80
support staff.

6.2.2 Electron Test Accelerator

J. McKeown

This accelerator is used to examine new ideas in
accelerator physics. The electron beam is also used as an
intense source of electron and gamma radiation for fundamental
research and commercial purposes.

6.2.2.1 Accelerator Commissioning

K.C.D. Chan, J.-P. Labrie and J. McKeown

The extension which provides 0°, 45° and 90° beam
lines for the diverse beam applications shown in Fig. 6.2.5 is
now fully commissioned and accelerator physics experiments have
been performed in all three beam lines. Currents up to 200 uA
were transported to the 90° beam dump with overall transmission
up to 50% at 4 MeV. Transmission in the DQD bend is a function
of the beam energy and the transmission dropped to 15% at 1.5
MeV.
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Fig. 6.2.5 A sketch of ETA showing the three new beam lines for the parity
violation experiment, the irradiation facility and accelerator physics
research.
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One klystron developed an indicated vacuum pressure
outside the safe operating range. The existence of a vacuum
valve on the klystron enabled the ion pump to be replaced. The
improved pumping speed allowed operation to resume but the
evidence of a vacuum leak remains.

6.2.2.2 Injector Development

K.C.U. Chan and K.M. Parks

The machining of parts for the pulsed gun has
finished and assembly of the gun will begin in the coming
period. A ceramic envelope and two cuprous nickel rings are
being purchased to replace the ceramic bushing borrowed from
Nuclear Physics.

A map of the electric field of the pulsed gun has
been calculated using the SLAC code GUN5 to show various HV
stress points. The weight distribution of the gun has also
been studied.

The delivery dates for the pulser and the cathodes
are late June and mid-July respectively.

The study of the present injection system is com-
pleted and documented. The results of the study consist of two
parts: the quality of electron beam from the dc gun and the
bunching of this beam with our present buncher. Some opti-
mization of beam emittance has been attempted.

6.2.2.3 Irradiation Facility

J.-P. Labrie and J. McKeown

6.2.2.3.1 Radiation Applications

Four MeV electrons were deflected into the 45° beam
line and passed into air through a water cooled aluminum
window. The electrons were used to irradiate single crystals
of aluminum and zirconium to produce defect damage. The damage
is analyzed by positron annihilation spectrometry and is
described in the Material Science Branch Section of progress
report PR-CMA-61.

6.2.2.3.2 Theoretical Studies

Radiation curing of wire insulation using energetic
electrons is already a widespread technique. A preliminary
evaluation of the irradiation dose enhancement resulting from
the backscattering of electrons from the center conductor into
the insulator and its effect on the wire processing rate was
completed.
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6.2.2.3.3 Beam Profile Measurements

The dose distribution in a sample is related to the
electron beam density profile. At the irradiation facility,
incident electrons lose 3% of their energy in the aluminum
window and emerge with small angular deflections as a result of
multiple scattering in traversing the material. They also lose
energy in the cooling water film and their angular deflections
increase further.

Electron beam profiles in air were measured by
scanning a small (160 mm^) Faraday cup through the beam at
several distances from the window. A beam profile measured at
120 mm from the window and its FWHM contour are shown in Fig.
6.2.6. The mean deflection angle, which is proportional to the
square root of the window thickness can be obtained from such
measurements. This angle will also depend on the cooling water
film thickness as observed experimentally by replacing water
cooling with air flow. This observation has significant conse-
quences on dose uniformity since the cooling water flow has
non-negligible effects on the beam profile.

For the data shown in Fig. 6.2.6, an average cooling
water film thickness of 1 mm was calculated by comparing the
mean deflection angle with and without cooling water. The FWHM
cross section of the profile is fairly circular anu its area is
1870 mm2. When water cooling is replaced by a flow of air,
the area is 540 mm^. The diameter of the beam incident on
the aluminum window is calculated to be 15 mm.

A more accurate experiment is planned and if good
correlation is obtained with transport settings in the 45° beam
line it will be used to determine profile at high current
throughout the machine.

6.2.2.4 Cavity Temperature Studies

J. McKeown and J.-P. Labrie

Development of computer models of accelerator
structures which can predict behaviour at high average power
continues. In a preliminary study of the cavity proposed for
the HERA storage ring in Germany the nose cone temperature was
plotted as a function of the radial coolant flow, Fig. 6.2.7.
This work is of interest in understanding the loss in shunt
impedance of structures while operating at full power. It is
planrv-d to test the model with observed results on the HERA
cavity.
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Fig. 6.2.6 (a) Electron beam profile in air at 120 nun from the water cooled 0.25 mm
aluminum window.

(b) FWHM contour area of the profile.



Fig. 6.2.7 Nose cone temperature as a function of radial
flow for the PETRA cavity.
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Higher frequency structures are generally more
efficient but thermal detuning effects are more severe. A
study was undertaken of on-axis coupled cavities at 2.45 GHz.
This is the preferred frequency for most of the microtron pro-
jects under study throughout the world. The merit of web
cooling is clearly demonstrated by Fig. 6.2.8. With only cir-
cumferential cooling at 1.0 MeV/m the nose cone temperature
exceeds 110°C and the displacements cause the accelerator cell
frequency to decrease. With radial cooling the nose cone
temperature is not only reduced but the displacements act in a
complementary way so that frequency shifts are greatly
reduced.

6.2.2.5 Beam Cavity Interaction

K.C.D. Chan

To better understand the Beam Cavity Interaction
experiment described in the previous progress report, a com-
puter program which calculates the excitation amplitudes of
individual structure modes has been written.

->• ->
The field E(r,t) excited in a structure by a current

density >?(r,t) can be expanded as a linear combination of
fields of all the structure normal modes [§m{t) , i.e., E^r*, t)
= En^ml^Piji^) • T h e expansion coefficient p m ( t ) , which
is proportional to the degree of excitation of the mth m o d e ,
can be calculated by integrating the following differential
equation:

!m^m 2 _"
, ^ Qm dt m pm 2U m̂at m m2 + Q- "dt + Wm Pm = 2lf J J " V r

where W m mode frequency
Q m mode quality factor ^ ^
U m mode stored energy = 1/2 e o / E m E m d

3 r .

The present program, MODE, integrates the above
equation to obtain p m . By obtaining the input data E m ,
W m , Q m , and U m experimentally during low power testing
and knowing J, one can calculate the excitations of different
modes and compare them to the data of the Beam Cavity
Interaction experiment.

This program has been compared with 5UPERFISH calcu-
lations for T M Q I O modes excited in the on-axis and coaxial
structures (2.415 GHz) described in the last progress report.
With the input data derived entirely from SUPERFISH, the energy
loss parameters calculated with MODE and SUPERFISH agree to 2%.
Another comparison has been made by calculating the excitations
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Fig. 6.2.8 Dimensional changes arising from temperature distributions within a
driven on-axis structure for two different methods of cooling.
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of TMxio mode in a simple cylindrical cavity as a function
of the displacement r of the beam from the cylinder axis. The
beam energy loss has been found to have a r2 dependence as
expected.

6.2.2.6 ETACON

K.C.D. Chan

Several new application programs have been written
and others modified. The program DTOA can now be used to drive
the TRAN meter modules. The beam spill display program DISPLA
is presently being rewritten in assembly language to reduce its
core requirement. A new program DEGAUS was written that elimi-
nates residue fields in the two 45 degree dipoles. Two
programs, SAVESP and SETSP, were written to save and restore
setpoints. Compared to CATSP, they have the advantage of being
interrupt driven and can be started from the TASK REQUEST
MODULE without input data.

The modifications to RTOS R06 that resulted in the
establishment of RTOS R07 have been fully documented.

6.3 Research Application

6.3.1 Fast Intense Neutron Source

J.D. Hepburn

Routine operation, by Health Physics staff, of this
14 MeV neutron source continued with typical outputs of
1012 n / s.

In a related project, discussions were held with, and
a working visit made to, the Rotating Target Neutron Source
(RTNS) group at Lawrence Livermore Laboratory. The RTNS group
is redesigning their high voltage accelerating column with the
aim of reaching their original design goal of 150 mA D+ ions
at 400 keV from their present operating level of 70 mA D+ at
365 keV. For this collaborative redesign, column design
criteria evolved at CRNL were applied to the RTNS requirements.
Electrostatic analysis of the conceptual design is in
progress.

6.3.2 Heavy-Ion Superconducting Cyclotron

J.H. Ormrod and J.A. Hulbert

Design and development of the superconducting
cyclotron for the post-tandem accelerator continues. The
installation of the radio-frequency acceleration system in the
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magnet was completed and the radio-frequency system has been
operated over most of its required frequency range in magnetic
fields up to 5 T.

6.3.2.1 Cryogenic System

J.A. Hulbert

Discussion were held in Boston to determine the final
details of piping connections to the new helium liquefier on
order. With this information, the exact location of the lique-
fier in Room 209 of Building 137 has been fixed and the design
of transfer lines may be completed.

6.3.2.1.1. Model 1400 Helium Liquefier

The liquefier produced an unusually high number of
mechanical surprises during this period which culminated in the
"drying-out" of the magnet coil vessel for a few hours over the
July holiday weekend, the first time in 17 months.

A new design # 1 engine connecting rod bearing was
installed without warming up the cold box and # 2 engine
exhaust valve seal replaced under similar conditions. Subse-
quently, the # 1 engine piston seal failed and both piston
seals were renewed. It is not thought that the earlier bearing
replacement contributed significantly to this short seal life
(about 4500 hours). Rather, our machine does not have plated
cross-head bores and it is known that regular O-ring seal rings
wear rapidly on cast iron surfaces. We are attempting to
locate a supply of the omega-section teflon-backed rings which
gave such a long life previously.

Throughout this period, liquid helium production has
been low with frequent upper heat exchanger blocking and
periods with high # 2 engine inlet temperatures but no other
indications of impairment. After detailed checks of engine
function it was concluded that air contamination was the under-
lying cause of the poor performance and purity measurements
revealed up to 700 ppm air and 30 ppm water in the 'pure' gas
storage tanks. A leak was subsequently found and sealed.
Finally, the combination of a sticky purifier control relay and
worn seals on purifier valves resulted in the discharge of a
quantity of accumulated water and air directly into the two
coldest heat exchanger filters. The high pressure exchanger
was blocked solid and could not be cleared for over 48 hours,
resulting in the magnet coil dryout. Liquid was restored in
the magnet cryostat within 36 hours after restarting the lique-
fier. The coil rose to about 45 K during the dryout period.
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6.3.2.1.2 Instrumentation

The bracing instrumentation is now complete and has
operated under MUMTI program BRACE up to full magnet field
strength.

The cryopump temperature monitoring instrumentation,
using a combination of carbon thermometers for the low tempera-
tures and AD590 sensors for temperatures near room temperatures
has operated reliably during cryopump tests (see below) under
program THMCAL. The effect of the cyclotron magnetic field on
the sensor calibration has not yet been measured.

6.3.2.2 Cyclotron Magnet

6.3.2.2.1 Outer Calculated Field Maps

E.A. Heighway

While it was previously reported that calculated and
measured field maps at large radii are within the 'tuning1

range of the injection and extraction systems (PR-P-133;
AECL-7683) work has continued to find a systematic way of
altering the calculated fields to improve the match to measure-
ments. To this end further measurements of the field at the
centre of the probe and injection holes as a function of the
excitation have been made and these are now being analyzed with
a view to altering the outer field map generation procedure.

6.3.2.3 Radiofrequency System

C.3.2.3.1 Accelerating Structure

C.B. Bigham

Installation of the rf structure in the magnet has
been completed and commissioning experiments have been carried
out over most of the rf frequency range at magnetic fields
between 3 and 5 T. Electron loading effects are different from
the low level multipactoring observed with no magnetic field
and complicate the initial "turn-on" but are not expected to
limit the range of operation. Radio-frequency voltages have
been limited to 60 kV because of marginal water cooling caused
by pressure drops in piping from the cooling system in Bldg.
467 and by the time available for vacuum conditioning. Turn on
and conditioning are expected to be easier in the better vacuum
available with the Mark II cryopump which is now installed.
Tests will still be limited by the marginal cooling to perhaps
80 kV.
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The vacuum pressures in the high vacuum region of the
structure were consistent with those observed in the dummy
vessel experiments. The external pumping speed is less but the
Mark I cryopump with a speed of 300 L/s achieves initial
pressures in the low 10~* Torr range and after a few hours
into the 10~6 Torr range. With rf on, the pressure
increases 2 to 4 times initially and then decreases towards the
level obtained with the rf off. Operating periods have not
been long enough to obtain a good indication of the ultimate
levels. The Mark II cryopump with a speed of 1500 L/s should
improve the vacuum pressure, decrease the turn on difficulties
and reduce the conditioning time.

The low level (at around 3 W rf power) multipactoring
which occurred in the out of magnet tests is significantly
surpressed by the magnetic field. The electron loading (which
is probably also multipactoring) observed with the magnetic
field on, occurs at higher voltage levels. The effect changes
with magnetic field level and with rf frequency. It is worse
and has prohibited operation at magnetic field levels less than
2 T at some frequencies. Above 3 T, suitable tuning and
adjustment of rf levels has allowed initial operation,
sometimes at low levels (10 kV), and subsequent conditioning to
higher levels at all frequencies tried between 32 and 58.5 MHz.
In an early attempt at 60 MHz, the rf would not operate but use
of the turn-on techniques learned since and conditioning at
lower frequencies is expected to allow operation. Another
effect occurring at some frequencies and power levels seems to
be a loading or breakdown effect in the rf drive capacitor
region. It shows up as relatively high frequency fluctuations
("grass") on the forward and reverse rf envelope above a well
defined drive level in the pulsing mode. It clears up with
conditioning.

After starting and conditioning for a few minutes,
the voltage may be turned up gradually. No new effects
occurred in 30 minute runs at 5 T and 60 kV at 49.5 and 56
MHz.

The temperature of the cryostat wall copper inserts,
which complete the rf cavity between the liners on the poles,
was monitored during rf operation. As expected, the tempera-
ture increases are small in the 0-mode and larger in the
Pi-mode. In the 0-mode, temperature rises of 4° and 10° were
observed at 75 kV for 32 and 49.5 MHz respectively. At 32 MHz
Pi-mode, the only Pi-mode operation so far, the rise was 30°
maximum at 75 kV. There were no indications of mechanical
vacuum seal problems at the copper inserts correlated with rf
power.
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During the initial testing of the rf system after
installation in the magnet, the lower outer conductor to liner
joint failed during 49.5 MHz operation at 70 kV dee voltage.
This difficult joint has failed in the upper section before and
was "improved" for the installation in the magnet. It is still
an rf gasket and viton O-ring which would be sensitive to over-
heating and the failure may have been caused by the marginal
cooling mentioned above. The beryllium copper rf gasket has
been replaced with a gasket formed from Alloy 155 copper which
has a higher conductivity. Concern about this joint is the
reason for limiting the rf voltages in these tests.

Schematic drawings have been completed for most of
the cyclotron rf control circuits, the computer interface
circuits have yet to be done.

6.3.2.3.2 Mk II Cryopump Tests

J.A. Hulbert

The pump was mounted in the test tank and the pumping
speed measured. With the 100 K shield as originally supplied
(made with an incorrectly angled and asymmetric chevron shape)
the air pumping speed was 1140 L/s. When the chevron shape was
corrected in a replacement baffle section, the chevron depth
and spacing were increased. The speed with the new baffle was
1500 L/s with air, and as expected, nearly four times that with
hydrogen.

The rf screen for this Mk II pump is a very open
design which should not decrease the speed by more than 10-20%.
The pump is now fitted into the cyclotron and preliminary tests
up to 60% full rf power in the accelerating structure indicate
that the screen is effective in keeping rf power absorption in
the liquid helium stage of the pump well below acceptable
levels.

6.3.2.4 Injection

6.3.2.4.1 Low Energy Buncher

E.A. Heighway

Experiments on the low energy buncher prototype aimed
at attaining design tuning range have continued. Because the
range can be extended downwards relatively easily by increasing
tuning capacitance, work has focused on tuner redesign. Tuners
have now been successfully designed, built and tested which are
free from microphonic problems, have low turning friction and
give easy and stable mechanical alignment of the capacitor
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vanes. The ranges of the If and 2f resonant frequencies are
now extended to 34 MHz (from 22) and 65 MHz (from 45) meeting
the required ranges of 31 and 62 MHz respectively. However the
absolute value of the If upper frequency is 15% low and this
can only be corrected by shortening the cavity and resonant
stem.

The grid assembly has been tested successfully to 5
kV peak to peak in air where breakdown occurred and several
grid wires were damaged. The design allows easy repair of the
wires and further high power tests will wait for the vacuum
prototype.

The buncher has been disassembled and modifications
to shorten the cavity to reach design frequency and to allow
vacuum operation are nearing completion.

6.3.2.4.2 High Energy Buncher

C.B. Bigham

The high energy buncher mounts in the beam line
between the Tandem and the cyclotron to improve the time focus
of the beam bunch arriving at the stripper foil. Substantial
voltage perturbations are required because of the relatively
large beam energies. A single drift tube design has been
developed to operate at 2nd and 4th harmonics of the rf
frequency to match h=4 and h=2 cyclotron modes. It is also a
reasonable approximation for h=6. The drift tube is mounted on
a quarter wave resonator (tuned by a sliding short-circuit)
which is estimated to develop the required 20 kV peak voltages
with a 200 W driver. This should allow the use of a broad band
solid state amplifier requiring no tuning adjustments.

Construction drawings are nearly complete. Rf tests
will use the 50 W low energy buncher amplifier to determine the
power requirements with more accuracy before ordering the power
amplifier.

6.3.2.5 Extraction

6.3.2.5.1 Extraction Channel Development

C.R.J. Hoffmann

Development work continues on small racetrack and
bias superconducting Nb3Sn coils which model elements of the
magnetic channel. These coils are tested in background
magnetic fields up to 5 T. The performance of the three layer
racetrack coil has deteriorated for the case of conductor
forces directed away from the central bobbin since the current
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leads were modified to eliminate unsupported lead conductor.
The deterioration persists in spite of greatly increased pre-
loading or a change of conductor to one having a copper core.
Modifications to the racetrack bobbin to mount the new leads
have lead to localized loss of bobbin winding height tolerances
of up to 0.25 mm. This may be a large enough increase to lose
outward support over a length of several centimetres of an
outermost turn. The bobbin is being refabricated to restore
the height tolerances.

Work continues on developing adequate mechanical
support and winding protection for model bias coil windings. A
coil was wound with the joint between superconductor and copper
leads moved to a location outside the coil where magnetic
forces are small. This coil withstood more than 50 quenches.
Maximum current at 4.6 T was 180 to 200 A, depending on the
direction of magnetic forces. Attempts will be made to improve
azimuthal support in the next coil.

A resistive coupler {11 Mo,) for the electrostatic
deflector has been assembled and tested up to design voltage
(100 kV). Its performance was satisfactory. This coupler will
limit energy available should sparking occur at the electrodes
in the electrostatic deflector.

The program EXMAP, which is used to generate field
maps for magnetic extraction elements, has been revised to
model realistically the ends of bias and compensation windings.
The program GOBLINEX has been modified to accommodate magnetic
channel field maps that overlap.

Design of a test module for the extraction system is
in progress. It consists of four racetrack coils arranged to
give radial focusing fields and a bias coil with compensation
windings.

An order has been placed for three dc power supplies
to drive superconducting windings in the extraction system.
Each supply will deliver 400 A with a voltage compliance of 3.5
V. Current regulation will be 1 in 104. Each supply will be
capable of compute, controlled operation and polarity
reversal.

6.3.2.6 Beam Probes

J.D. Hepburn

Detailed design of the movable beam stop to be
located in the first magnetic extraction element is complete.
A fixture for testing beam stop assembly and operation outside
the cyclotron has been designed. Components are on order.
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Detailed design of the main radial probes is well
underway. Quotations for the 2 m stroke edge-welded bellows
have been received, and technical discussions with vendors are
in progress. Quotations for CAMAC-based microprocessor systems
for radial probe control and readout are being evaluated.

6.3.2.7 Code Development

E.A. Heighway and A.E. Hubbard

Work has continued on the code GOBLIN to handle
injection and extraction calculations in a marriage of inner
measured and outer calculated field maps not having four-fold
symmetry. The problems are those of data management and are
particularly difficult for the calculation of the second order
injection transfer matrix where the orbits of many particles
have to be traced.

The method initially developed proved too slow and a
more efficient method was found at the expense of use of
T25,000 (octal) words of extended core storage. Execution
times now equal or better the times required for the much
simpler four-fold symmetry case.

The code TRIUMFTWO (selection of data from within the
lattice of measured field maps) has been improved to automati-
cally constrain the best fit to required isochronous fields to
be within the cyclotron operating range. Previously the
fitting procedure would simply stop when the bounds of the
operating region were reached and a best fit did not neces-
sarily result.

The family of rf codes CAVIT (two and three-
dimensional finite element cavity design) has been received
from W. Willhelm of the Technical University of Munich. All
members of the family have been successfully compiled and run
with supplied test data.

6.4 Mechanical Laboratory

J.E. Anderchek

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

Total laboratory time breakdown in the quarter is as
follows:

Accelerator Physics Branch - 99.8%
Reactor Physics Branch - 0.2%
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6.4.1 High Current Proton Accelerator

Techniques for electropolishing stainless steel and
TZM (a molybdenum alloy used for extraction electrodes) were
developed.

A vacuum manifold for cathode development and new
bending magnet pole pieces were fabricated, a broken cathode
assembly was repaired and two beam dumps and a pump baffle were
modified for the Injector Test Experiment. Components for a
brazing test, and for magnetic field modeling of the cusp
source were fabricated.

A number of components were prepared for the resonant
load facility being constructed in Bldg. 610. The motor drive
system for the tuner was tested and the assembly cleaned in
preparation for installation. An adapter was fabricated to
couple the loop to the rf drive line. For the water cooling
system, two large valves were modified for flange connections
to the headers and several paddle wheel flowmeter sensors were
modified to reduce output signal noise.

Repairs were carried out on the vacuum window and on
vacuum braze joints on the A/2 loop for the 3 MeV Alvarez
tank.

One set of 22 drift tubes was reduced in diameter for
the post coupler test tank and a complete new set was fabri-
cated for a second series of measurements. The drift tube
stems of the 2BLAT model tank were altered to allow measure-
ments of the stem currents and half-stems were mounted on the
end plates above the 1/2 drift tubes.

A series of tests were made to evaluate several
aluminum solders that have been obtained and several spool
pieces were manufactured to test a drift tube stem soldering
procedure.

Four 51 cm long shaped vanes were made for a 2 mm
bore 500 MHz cold model to test the staggered vane RFQ configu-
ration and a Bourdon tube testing device was manufactured for
experiments in RFQ tuning.

Fabrication has begun on components for a versatile
and accurately machined RFQ model and also on another model
made up of extruded aluminum tubes.

6.4.2 Electron Test Accelerator

All parts for the pulsed electron gun have been
machined and assembly has begun. It is planned to assemble the
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gun and perform vacuum and high voltage tests in the Bldg. 145
electron gun test room.

Assistance with the parity violation experiment
included the assembly of a temperature controlled circulating
tank for the beam position monitor and the manufacture of brass
stand-offs for an electronic system.

A water-cooled aperture and spool piece was made for
the 90° beam line commissioning tests, and to provide addition-
al focusing in the 45° beam line, two high power solenoid
lenses were manufactured and installed.

Work on the design and fabrication of the 2.415 GHz
cavities for the beam cavity interaction experiment continues.

6.4.3 Heavy-Ion Superconducting Cyclotron

Several modifications were made to the prototype low
energy buncher. These included the fabrication and instal-
lation of a removable accelerating gap grid assembly and fabri-
cation and installation of new tuning capacitor assemblies.

A vacuum envelope and auxiliary pieces were fabri-
cated for a Lindberg tube furnace and the vacuum system was
assembled and leak checked. This facility is used for reacting
small Nb3Sn superconducting coils.

Stainless steel bands and loading clamps were made
for prestressing racetrack superconducting model coils and
modified current connection pieces and a coil support structure
were made for superconducting model bias coils.

Components were made for tests of electron beam
welded joints proposed for an extraction system beam pipe.

Assistance was given for the fitting and installation
of the rf accelerating cavity to the cyclotron magnet and with
mechanical repairs to the helium liquefier engines.

Two special liquid helium transfer lines for
cyclotron development studies on cryopumping were manufactured
together with injection steering magnet cooling jackets and
trim rod drive components.

6.4.4 Reactor Physics

A lucite detector holder was spot-faced to accommo-
date 48 foils for the PTR in-reactor experiments.
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6.5 Publications, Reports, Papers, Lectures and Patents

Papers

ENGINEERING AND PHYSICS STUDIES TO INVESTIGATE HIGH CURRENT RF
ACCELERATOR PROBLEMS
S.O. Schriber, R.B. Turner and J. Ungrin
Paper presented at the Sixth Canadian Symposium on Engineering
Applications of Mechanics to Energy Resource Industries,
Edmonton, Alberta, 1982 June 7-9.

CANADIAN ACCELERATOR BREEDER SYSTEM DEVELOPMENT
S.O. Schriber
Paper presented at Symposium on Accelerator Breeder Technology,
Palo Alto, CA, 1982 June 9-10.

THE BEAM-CAVITY INTERACTION: EXPERIMENTS PAST, PRESENT AND
FUTURE
J. McKeown
Paper presented at the University of Illinois Physics
Department Seminar, Urbana, Illinois, 1982 June 15.

A TEST BED FOR CANADIAN ACCELERATOR PROJECTS
J. McKeown, K.C.D. Chan and J.-P. Labrie
Paper presented at the CAP Annual Congress, Kingston, Ontario,
1982 June 21-24.



ISSN 0067 - 0367

To identify individual documents in the series

we have assigned an AECL- number to each.

Please refer to the AECL- number when re-

questing additional copies of this document

from

Scientific Document Distribution Office

Atomic Energy of Canada Limited

Chalk River, Ontario, Canada

KOJ 1J0

ISSN 0067 - 0367

Pour identifier les rapports individuels faisant

partie de cette serie nous avons assigne

un numero AECL- a chacun.

Veuillez faire mention du numero AECL- si

vous demandez d'autres exemplaires de ce

rapport

au

Service de Distribution des Documents Officiels

L'Energie Atomique du Canada Limitee

Chalk River, Ontario, Canada

KOJ 1 JO

Price $7.00 per copy Prix $7.00 par exemplaire

2687-82


