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SUMMARY

G. Dolling

l.l Nuclear Physics Research

MP Tandem Operation

The tandem remained shut down during the quarter
while modifications for TASCC continued; these include
assembly of the new ion-source cage and installation of the
inflection magnet, ion source vacuum manifold, deionized
water systems, accelerator tube vacuum system and stepping
motor drive systems.

Research Activities

Measurements of the absolute cross section of the
He(a,y) B e reaction and the branching ratio in the Be

decay to 7Li have been started in an attempt to resolve a
serious disagreement between two published values. This
cross section affects the predicted solar neutrino flux and
bears strongly on the solar neutrino problem. Analysis of
the preliminary results gives a branching ratio that agrees
well with the previous experiments of Krawinkel et al.

New experimental data suggest that the known core-
excited proton configurations built on aligned valence
particle states in '*49Dy can now be systematically
traced through to 1 5°- 1 5 2Dy. Shell model calculations
reproduce the measurements to surprising accuracy.

A new transient field apparatus has been used to
measure the spin rotation of unresolved levels in 1 6 2Yb at
high angular momentum. These data should provide estimates
of the average g-factors and collectivity in the spin range
16 to 30 h.

Considerable progress was made in installing and
testing the data acquisition and computer control system for
the neutrino mass experiment. In addition, a single counter
with prototype electronics has been tested with focused
conversion electrons in the n/2 beta spectrometer. Measure-
ments of the amount of deuterium that can be adsorbed in
thin layers of Ti on quartz suggest that it may be difficult
to achieve the desired tritium loading with Ti surface
densities less than 2 |ig cm" .

Measurements of the energy distribution of ions
emerging from the isotope separator ion source show spreads
of 1.2 to 3.5 V. Such spreads, together with small magnet
aberrations, appear to account for the limit of resolution
achieved so far, R = 20,000.
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Quark model calculations of nucleon-nucleon scatter-
ing suggest a possible test for the existence of hidden-colour
matter: confirmation of this possibility awaits analysis of
relativistic effects.

A theoretical study of the thermal neutron radiative
capture reaction in *2C has shown that the small capture cross
sections in this and neighbouring isotopes are due to an
interference effect between the potential scattering and
resonance scattering waves near the nuclear surface.

Analysis of the results of photofission measurements
on 238U gives evidence for a completely open fission channel
(J = 1~, K = 0) at 6.4 MeV and shows that a simple double-
humped fission barrier cannot account for the results. The
observed fine-structure is interpreted as evidence of vibra-
tional resonances in two additional shallow wells.

Further testing and development work on the proto-
type BIC detector for the parity-violation experiment was
carried out and decisions were reached regarding the l°B
thickness and the plate separation.

1.2 Accelerator and Applied Physics

Research Applications

Heavy-Ion Superconducting Cyclotron

- The cyclotron yoke has been dismantled and moved, with
the lower pole jacking system, to the Nuclear Physics
Laboratory for re-assembly. The magnet cryostat remains
in the development laboratory where it will be fitted
with the magnetic extraction channel before transfer.

- The numerical modelling of the cyclotron magnetic field
from the centre to the outermost edge of the magnet
system is complete.

- An interstage line stretcher in the rf power amplifier
has been used to eliminate resonances that cause tuning
problems in the output stage grid cavity.

- A revised coil configuration for the bias field windings
in the magnetic extraction channel allows easier mechani-
cal support at a slight loss in beam vertical aperture.
The new configuration also increases the radial focusing
gradient and reduces perturbing fields in the accelera-
tion region of the cyclotron.
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- The detailed layout for the extraction beam line between
the cyclotron and the first downstream focusing magnet
has been determined.

- Three quarters of the beam transport elements for the
TASCC have been delivered; two dipoles and three
quadrupoles have been installed and aligned.

- One of the new PDP 11/44 control computers has been
installed in a temporary location and brought into
operation.

Nuclear Power Applications

a) High Current Proton Accelerator Development

- A distributed network model of an RFQ structure is being
used to determine characteristics of RFQ structures.
The results from this computer code agree with experimen-
tal measurements and will be used to determine tolerances
and preferred methods of assembling these structures.
Preliminary design work began on a model to determine
RFQ1 construction techniques.

- Measurements on Bourdon pressure tubes for RFQ structure
end tuners have raised some questions about their
suitability.

- Initial measurements of energy spectra from the high
power cw drift-tube linac were completed as a function of
different operating parameter spaces.

- It was determined that drift-tube linac tanks could be
stabilized with as few as one post coupler for every
seven drift tubes. The consequences of this will be
further investigated.

b) Electron Test Accelerator

- The irradiation facility is being used by material
scientists and Commercial Operations. Ozone generation
during irradiation has been investigated and appropriate
safety measures have been implemented.

- Klystron S/N 102 failed and was repaired by replacement
of the collector.

- The ETA pulsed gun has been assembled and installed and
beam extraction is presently underway.
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- The tuning and brazing of the on-axis and coaxial coupled
structures for the Beam Cavity Interaction Experiment is
completed. The fields excited in these structures by the
ETA cw and pulsed beams are estimated using data obtained
by bead pull measurements.

- The Burr Brown CS450 Control and Measurement System
arrived and was installed in ETA control room.

c) Neutron Cross Sections and Yield Determinations

- An up-to-date table of bound coherent and incoherent
thermal neutron cross sections of the elements has been
compiled.

- A formula has been derived for the optimum sample thick-
ness to minimize counting errors in neutron total cross
section measurements.

- Measurements of the total neutron yields from (p,xn)
reactions for 100 MeV protons on Cu, Fe and Th targets
were carried out.

1.3 Solid State Physics

A neutron scattering study of the vibrational spectra
of red blood cells gave no evidence for a coherent vibration
predicted to occur at 1011 Hz, independent of any acid treat-
ment. An investigation of the mechanism of the phase transi-
tion in K2Hg (CN)*, was commenced.

The magnetic and phonon properties of USn3 have been
measured. The magnetic exchange interactions between the
uranium ions are found to be weak and the wave vector depen-
dence of the susceptibility is markedly different from that of
the isostructural UPb3.

Further neutron scattering measurements on CsCoBr3
suggest that the solitons in this material are better defined
spatially than temporally. Calculations for a finite chain
indicate that the soliton scattering has a central peak in
addition to the low-frequency Villain continuum.

Positron annihilation measurements on FeAA have given
evidence for an appreciable monovacancy concentration in the
range 20°C-620°C and for substantial divacancy formation and
trapping at temperatures above 620°C.
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The L3 neutron spectrometer control system was
replaced with a new system of the type previously installed
for the C5 and N5 spectrometers. The spectrometer control
program was also improved and a new calibration mode was
added. A computer program for analysis of small-angle
neutron scattering data was also written.

1.4 Applied Mathematics and Computation

The study of coolant boiling and heat transfer in
SLOWPOKE-III has been extended to include viscosity effects
on movement of vapour bubbles.

Further analyses of pump seal deformations were
carried out for Mechanical Equipment Development Branch
using the MARC code. MARC was also used for a calculation
of the temperature distribution around cracks in Bruce
pressure tubes. An interactive "pre-processor" to aid the
preparation of input for the STARDYNE code has been tested
on both the CRNL and Sheridan Park CYBER 170/720's, and
will shortly be released. Calculations of the neutron and
gamma energy deposition rates in the coolant of an NRX loop
have been carried out to aid in the design of a fuel
channel experiment.

A number of application programs written for
other systems have recently been imported and are being
converted for use at CRNL. These codes include the HTFS
codes, the heat transport code, SOPHT from Ontario Hydro,
PARET - a program for the analysis of reactor transients,
and the electrostatics/electromagnetics code TOSCA.

Miscellaneous programs and subroutines developed
during the quarter include

a program to generate invoices for use of the CRNL
upgrading facility

- a program to extract and manipulate data from a file of
information on gamma activity in liquids

a program for the analysis of measurement of tritium
releases in process and sanitary sewers

- a program and procedure for transfer of a plot file
produced at CRNL to WNRE for plotting on the DEC-10
system
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A new release of CDC's operating system for the
CRNL and EC CYBER 170/720's has been installed at CRNL for
testing, evaluation and incorporation of local modifica-
tions. Preparation of the subroutine libraries AELIB and
ISML for use with FORTRAN Extended version 5 is nearing
completion and the libraries will be available for use early
in 1983.

Utilization of the Computing Centre 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
Information Services
Health Sciences
Chemistry & Materials
Physics
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

1.64
0.39
1.11
21.19
2.97

21.86
0.86
0.36
3.07
3.09
5.71

0.43

17.03
10.12
0.90
1.85
3.59
0.04
0.06
0.70
2.79
0.10
0.08
0.07

1.48
0.10
0.86

22.79
5.52

11.60
1.15
0.34
1.99
7.20
5.35

0.71

19.45
6.82
0.34
1.52
3.84
0.00
0.10
0.36
8.39
0.01
0.02
0.05
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NUCLEAR PHYSICS BRANCH

(Report edited by R.L. Graham)
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(1) Post Doctoral Fellow

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

(3) Attached from the University of Manitoba as of
1982 November 23.

(4) Retired 1982 October 1.

(5) Attached from Digital Equipment of Canada
Limited; reported for duty 82 October 6.

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

(7) Waterloo Co-op Student, reported for duty
82 September 1; terminated 82 December 21.

(8) Waterloo Co-op Student; reported for duty
82 September 7; terminated 82 December 23.

a^Also has responsibilities in Section I.
a'Also has responsibilities in Nuclear Detectors

and Metrology Section of the Neutron & Solid
State Physics Branch.
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2.2 Bending of Proton and Pion Beams at Fermilab by Bent
Single Crystals of Silicon

J.S. Forster with I.V. Mitchell (Solid State Science
Branch), S.I. Baker and R.A. Carrigan, Jr., (Permilab),
W.M. Gibson, I.J. Kim, M. Pisharody, S. Salmon and C.R.
Sun (SUMY, Albany), P. Siffert (Strasbourg) and
E. Tsyganov (Dubna)

Development of data analysis routines for the
Fermilab beam bending data reported earlier (PR-P-135:
2.2; AECL-7907) has continued. Routines for recovery of
tracks in cases where no wires have fired or several wires
have fired in one drift plane (two drift planes define an
x- or y-coordinate at each station) have been developed.
Window routines have also been developed to project speci-
fic quantities e.g. energy-loss spectrum corresponding to
particles that are fully bent by the crystal.

Further programming to take account of the non-
uniform angular distribution of incoming projectiles as
well as three-dimensional plots of the data is being
worked on,

2.3 The Branching Ratio of the 7Be Decay

H.-B. Mak, H.C. Evans, J.R. Leslie, P. Skensved and
W. McLatchie (Queen's University) and T.K. Alexander

A new measurement (C. Rolfs et al. McMaster
Accelerator Laboratory Annual Report 1982 and private
communication from R.E. Azuma) of the branching ratio in
the decay of 7Be to 7Li yielded a value 15.4 ± 0.8% which
is significantly higher than the literature value (F.
Ajzenberg-Selove, Nucl. Phys. A320 (1979) 1) of 10.37 +
0.12%. This new method employed implanting Be atoms
produced in the 10B(p,a) Be reaction in silicon
detectors. Subsequently the silicon detectors were placed
in front of a lead-shielded Ge(Li) detector and the
absolute intensity of the 478 keV y rays from the decay of
the first state of 7Li measured.

In the present investigation, a similar method
is employed but the silicon surface-barrier detectors are
thin enough (17 \m thick) that pulses from elastic and in-
elastic protons deposit less energy in the detector than
the 7Be(429) group. In this way the background under the
Be grouos has been substantially reduced. Again the
B(p,a) Be reaction was used at a bombarding energy of

2 MeV. The Be and associated a particles were detected
at SLAB = ^0° in a well collimated transmission-type
silicon surface-barrier detector with the aluminum side
facing the target.



- 12 -

In a preliminary run, one silicon detector was
irradiated and the 478 keV y rays are presently being
counted with a lead-shielded Ge detector.

2.4 Measurement of the Absolute Cross-Section of the
3He(a,y)yBe Reaction

T.K. Alexander, G.C. Ball with W.N. Lennard and H. Geissel
(Solid State Science Branch) and H.-B. Mak (Queen's
University)

Preliminary experiments have been carried out to
determine the absolute cross section for the He(a,y) B e

reaction. Recently reported (H. Kravinkel et al. Zeit.
Phys. A304 (1982) 307 and J.L. Osborne et al. Phys. Rev.
Lett. ̂ 8_ (1982) 1664) values of the zero-energy intercept
S31|(0) = 0.30 +0.03 and 0.52 ± 0.03 keVb, respect-
ively, for the He(qp,Y) Be reaction are in serious
disagreement. The He(a,y) B e cross section affects the
predicted solar neutrino flux and bears strongly on the
solar neutrino problem (see Bahcall et al. Rev. Mod.
Phys. j>4_ (1982) 767). Since the previously reported
experiments agree on the variation of the cross section
with bombarding energy, the present experiment is designed
to determine the absolute value at an energy overlapping
the previous experiments.

In the present work, 3He-implanted metal foils
are used for targets in a specially designed water-cooled
Faraday-cup target assembly. The targets were prepared by
implanting 35 keV He to doses of 6 to 7 x 10 atoms/cm
with the CRNL 70 kV isotope separator. The number of 3He
atoms/cm in the targets were determined (see
PR-CMa-63: 1.2.1; AECL-7987) before and after bombardment
by assaying with the H + He reaction.
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During the bombardment with 1.3 MeV a-particles
(approx. 3 yA beam current) from the CRNL 2 MV Pelletron
accelerator, the capture gamma rays were detected at 0°
with a Ge(Li) detector located inside a lead shield.
(Both previous experiments (loc. cit.) used gas targets
and detected y rays at 90°.) The efficiency of the Ge(Li)
detector was determined by measurements with calibrated
sources deposited on target-foil blanks mounted in the
target chamber. The sources were prepared and calibrated
by R.H. Martin of the N.S.S.P. Branch.

The y~ray backgrounds from a-induced rections on
contaminants in aluminum, zirconium, niobium and gold
foils were determined at E a = 1.3 MeV. The gold and
niobium foils were found to be the best and the others
were acceptable. However, it has been found that niobium
can be implanted with more He and retains more of the
implanted dose during the a bombardment than the gold
foils.

To check the apparatus and the analysis of data,
the semi-thick-target yield of gamma rays per proton from
the 992 keV resonance in 27AJl(p,y) 28Si reaction was
measured. A preliminary analysis gives a result that
agrees within 10% with the values quoted by Paine and
Sargood (Nucl. Phys. A331 (1979) 389). This result
confirms the beam current integration and gamma-ray
efficiency measurement procedures.

Analysis of the 3He( a, y) 7Be data is in progress
and additional bombardments are planned. The capture
gamma rays, DC * 0 and 429 •*• 0 are observed well above
background and a statistical accuracy of 9% on <j(DC •*• 0)
can be obtained in a three hour a-bombardment. A
preliminary branching ratio (DC * 429)/(DC -> 0) =
0.42 ± 0.04, deduced assuming isotropy of the DC •> 0
radiation, is in good agreement with previous experiments
(0.45 ± 0.02, Krawinkel et al. loc. cit., 0.42 ± 0.02,
estimated from graph in Osborne et al. loc. cit.).

2.5 The Lifetimes of 26mAJt, 34CJl and 3 8 mK

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

A paper on the half-lives of 26mAZ, 31*CA and
?JmK has b^en completed. The half-lives of 26raA*,
Ci and mK were measured with isotopically pure

samples prepared with an on-line isotope separator.
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Emitted p+ particles were observed with a large-solid-
angle, high-efficiency, low-background gas proportional
counter, from which signals were multiscaled. The
counting electronics had a well-defined non-extendable
dead time. Each sample decay curve was individually
corrected for dead time before being summed with other
accumulated data, no pile-up corrections being necessary.
The analysis procedure was tested on hypothetical data.
The effect of contaminant isobars on the resultant
half-lives was investigated. Our half-life results are:

26mAA: 6346.2 ± 2.6 ms, 31*C*: 1527.7 ± 2.2 ms and

38mK: 924.2 ± 0.3 ms

The quoted uncertainties include - for the first time -
explicit provision for all possible contaminants.

2.6 The Transient Magnetic Field for High Velocity 28Si 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 data collected in the recent measurement
(PR-P-134: 2.6; AECL-7778) have been played back on the
PDP-10 computer. Gamma-ray spectra were stabilized
numerically during playback because of gain drifts in the
Nal(TJl) counters during data collection.

Gamma-ray spectra were constructed depending on
windows on the time correlation spectra (real and random
events), on the particle spectrum and on the "field"
spectrum (magnetic field pointing up or down). Playback
was done for all of the data, namely the high velocity
measurement (» 14 V Q ) , medium velocity measurement
(« 10 Vo)i beam bending measurement (recoils slowing
down in Cu), angular correlation measurements and
measurements in which the medium velocity target was
turned with the hZ side to the beam (to look for
contaminant gamma rays in the region of the Si, 1.78 MeV
line).

Copies of the played back data have been sent to
colleagues at Queen's University and at Aarhus
University. Detailed analysis of the data is in progress.
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2.7 A Precision Energy Determination of the 2565 keV State in
b5Co and the 2982 keV State in 2/Al ' '

V.T. Koslowsky, J.C. Hardy, E. Hagberg, H. Schmeing,
R.E. Azuma (University of Toronto), H.C. Evans and
J.R. Leslie (Queen's University)

The excitation^energy of levels in (i) 55Co*
(2565 keV) and (ii) 27AJL (2982) keV) need to be known
to better than 100 eV in order for us to determine
precisely the Qg+ differences between (i) 42Sc and
^5mAJl and (ii) 5l*Co and 42Sc from earlier Q-value
doublet measurements performed on the Q3D spectrometer
(see PR-P-134: 2.8; AECL-7778). We have measured these
energy levels at the Queen's University Van de Graaff
accelerator. The technique is similar to the energy
determination of the 1058 keV to 230 keV transition in
AX described earlier in PR-P-129: 2.14; AECL-7328.

The "Co* (2565 keV) state was produced via
the b4Fe (p,y) Co reaction at two resonance energies:
E = 1803 keV and 1887 keV. The calibration energies
were 2614.533 + 0^013 keV (from 228Th decay) and 2598.460
+ 0.010 keV from Co decay. Since the full Doppler shift
for the y r a v from this state is * 0.25 keV, no special
care was required in establishing the detector position
with respect to the target position and beam direction.
Our value for the energy level is 2565.791 ± 0.035 keV.

2 77A** ( 2 9 8 2 k e V ) s t a t e w a s produced via
the Mg(p,y) ASL reaction at the resonance energies of
Ep = 2141 keV and 2220 keV. The calibration energies
were 2598.460 ± 0.010 keV and 3009.596 ± 0.017 keV (both
from Co decay). The full Doppler shift for this state
is about 7.6 keV, consequently care must be taken to
establish the detector position to within ±0.15° with
respect to the target position and beam direction.
Gamma-ray energy measurements were made at angular
settings of 90°, 270°, 44° and 224°. Pairs of angular
settings were 180° apart so that errors are minimized when
the pairs are averaged. Analysis of this experiment is in
progress.

2.8 The g-Delayed Proton Decay of 99Cd, 113Xe and 11 5Xe

J.C. Hardy

Data taken previously on the p-delayed proton
decay of yyCd and Xe (PR-P-126: 2.18; AECL-7055) and
113Xe (PR-P-128: 2.16; AECL-7234) are being compared
with statistical model calculations. The program DELPRO
(first described in PR-P-108: 2.14; AECL-5315, and
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subsequently modified and improved) has been expanded to
produce the calculated variance as a function of proton
energy for spectrum fluctuations. When it is compared
with the experimental autocorrelation function (see
B. Jonson e_t al, CERN 76-13 (1976) p. 277), a further
constraint is thus added to the model parameters, in
particular those relating to the level density.

The work is still in progress, but indications
so far are that a consistent picture of all experimental
results is possible only if deviations from the "gross
theory" p-strength functions are introduced for the xenon
isotopes.

2.9 ft Comment on Pandemonium

J.C. Hardy

A reply has been written to a recent publication
by R.B. Firestone (Phys. Lett. 113B (1982) 129) which
claimed that new experimental results on the decay of
lit5Gd disagree with statistical expectations. In
contradiction with Firestone's claims we demonstrate that
data on the p decay of Gd confirm in all respects the
statistical conclusions derived in 1977 from a
computer-simulated decay of the fictional nucleus,
Pandemonium (J.C. Hardy et al, Phys. Lett. 71B (1977)
307).

For example, a comparison of the most recent
lit5Gd results (Firestone et al, Phys. Rev C2!5 (1982) 527)
with those available in 1977 (Epply ^t al, Phys. Rev. jC3
(1971) 282) demonstrates that 14% of the Y~ray intensity
now seen above 1.7 MeV was not observed in the earlier
work. Even if we assume that all true y~ray intensity is
now accounted for - an assumption that is by no means
certain - this 14% difference is in excellent agreement
with our Pandemonium prediction that « 20% of the true
intensity had been missed in 1971. This agreement also
holds if numbers of y~ray lines are considered as well as
their total intensity.

In conclusion, one must reiterate the warning
given with the earliest Pandemonium paper: all complex
p-decay schemes based on singles spectra of p-delayed y
rays must be regarded as doubtful.
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2.10 Core Excited Proton States at High Spin in

D. Horn, 0. Hausser and H.R. Andrews with I.S. Towner
(Theoretical Physics Branch), M.A. Lone (Neutron & Solid
State Physics Branch) and P. Taras (Universite de
Montreal)

Further analysis of gamma-gamma coincidence data
from the Sn( S,xn) reaction (PR-P-132: 2.15 and 2.16;
AECL-7605) and comparison with the lighter isotopes of
dysprosium suggest that the known core-excited proton
configurations built on aligned valence particle states in
l48,iit9Dy (R> juiin et al. Conf. on High Ang. Mom.
Properties of Nuclei, ORNL, Nov. 82, Abstracts p.76) can
be systematically traced through to ~ Dy. Except for
the J71 = 18+ state in Dy, where short lifetimes have
not been investigated, the aligned valence states are all
known as isomers with Tj/2 " ^ ns< I n e a c n case, the
aligned valence neutron configuration, as shown in Table
2.10.1 would be coupled to proton particle-hole states,

chiefly of the type i[h].i/2d5/2 ] a n d 7t[nll/2^7/2 ]'
yielding proton spins from 11" to 17". The low-lying
JJ = 11 and 12" projections of these proton states in
i48,it9Dv h a v e been previously identified as having
large collective octupole components (P.J. Daly et al.
Z. Phys. A298 (1980) 173). The main portion of the table
gives excitation energies in the Dy isotopes relative to
the isomers and labelled by the spin and parity of the
proton part of the configuration. This must be coupled
with the neutron part to obtain the total spins of the
last column. Though yrast levels with three units of spin
above the isomer are known for all but Dy, they are not
thought to be of the form [% %~ ]._- and are left out
of the table. 1J

The spin-parity sequences and the remarkably
consistent level patterns support the proposed assign-
ments, as do comparisons of gamma ray transition rates
where branching ratios are known. The possible
consequences are significant: for the first time, the
single particle structure at very high spins, such as J =
49/2 - 63/2 in lblDy and J = 27-34 in 15^Dy, would be
understood. Shell model calculations are underway
(PR-P-136: 4.8) and in preliminary results, the proposed
configurations appear to follow the trends observed
experimentally.



Table 2.10.1 Energies of core coupled proton states (keV) relative to aligned valence isoaers in
dysprosium isotopes. Parentheses enclose energies of levels where ordering or J* is uncertain.

Dysprosium

Isotope

Isomer [vnxir +]:
J of [u it ] component and
E(keV) relative to isomer

J range of

Neut rons E(keV) J 11 12 13 14~ 15 16 17

148
Dy [none]0 + 2919 10 + 1061 1557 2602 3065 3344 11-17

149Dy [f ,,]7/2~ 2661 27/2~ 984 1224 2561 2816 3086 3516 29/2-41/2
oo
I

150
Dy [f , h . ]8 + 5071 18 + 742 948 (2404) 2670 (2937) (3539) 19-25"7/2 9/2

1 5 1 n y f f 7 / 2 h 9 / 2 i 1 3 / 2 ] 2 9 / 2 + 6 0 3 3
( + ) 1 1 8 7 2 2 7° 2 6 4 8 2 8 5 9 (3781) 51/2-63/2

152
Dy 7 8 8 2 2 7 2 2 2 9 2 4 8 3 2 9 1 4 28-34
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2.11 Spin Precession of High-Spin Continuum States in
I b i~ 1 !. 5 6Dy

O. Hausser, H.R. Andrews, D. Ward with P. Taras
(University de Montreal), B. Haas (CRN Strasbourg),
M.A. Deleplanque, R.M. Diamond, E.L. Dines, R. McDonald,
F.S. Stephens (Lawrence Berkeley Laboratory) and
C.V. Stager (McMaster University)

We have used Xe beams from the Berkeley
SuperHILAC and the inverse reactons Mg<y 32Xe,xn) at E =
645 MeV, and Mg( Xe,xn) at E = 600 MeV to investigate
spin precessions of unresolved states of very high spin in
i^j,iT,4Dy a n d i n i5b,i56 D y j r e s p e c t i v e l y . A i a rge

34.3 cm diameter Nal(TA) sum energy crystal was used to
suppress the intense Coulomb excitation background, and to
select the reaction channel. The Y~ray multiplicity (and
the spin of the entry population) for the various sum
energies were determined from the ratio of (sum energy,
singles) to (sum energyNal(TA), coincidence) events.

The fast Dy recoils passed through a « 12 mg/cm2

thick polarized Gd foil, accumulating sizeable spin
precession angles during the 0.9 ps interaction time of
the transient magnetic field. To keep y-ray absorption to
a minimum a rather low polarizing field of 0.115 T was
used. Magnetometer measurements are presently under way
at McMaster to determine the magnetization of all the
target foils.

The rotation of the angular distributions of
discrete y lines and of the unresolved y continuum was
measured in pairs of Ge(Li) detectors at ±120° and of
12.7 cm diameter by 15.2 cm long Nal(TI) counters at ±65°,
respectively. Additional measurements were necessary to
determine a) angular distributions of discrete lines (we
used backed targets to avoid spin deorientation in
vacuum), b) angular distributions of the continuum
radiation (we used self-supporting targets to ensure full
Doppler shift), and c) the y-ray lineshapes of the Nal(TJl)
counters.

As yet only the analysis of the transient field
effect, e, for discrete E2 transitions has been completed.
We find that the e values in Dy exceed those in Dy
by a factor of 1.64 ± 0.26. This result implies in Dy
that a substantial neutron spin component is aligned in
the direction of the rotational angular momentum. No
significant variation of the precession effects with sum
energy (and initial spin) has yet been found.
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The unresolved continuum radiation may be
emitted during the transit time (0.9 ps) through the Gd,
resulting in a reduced precession effect for the higher
energy y rays. From the "precession spectra1 the
collectivity (i.e. lifetime) of very high angular momentum
states may thus be deduced. Analysis procedures are being
developed to exploit this new experimental approach.

2.12 The g-Factors of Discrete States in l56,160/

0. Hausser with H. Grawe, H.-E. Mahnke, W. Semmler
(Hahn-Meitner Institut far Kernphysik, Berlin), N. Rud
(Aarhus University), J. Keinonen (University of Helsinki),
W. Witthuhn (University Erlangen-Nurnberg), and
C.V. Stager (McMaster University)

We have observed the spin-rotation of
even-parity states in deformed Dy-isotopes following
Coulomb excitation with Kr beams from the VICKSI
accelerator. Recoils corresponding to backscattered 86Kr
passed through the 0.9 mg/cm thick foil of separated Dy
isotopes, then through a « 6.2 mg/cm thick layer of
ferromagnetic Gd, and stopped in a thick copper backing.
After the experiment the magnetic properties of all target
foils were investigated with the sensitive magnetometer at
McMaster. At our operating point, Bex^ = 0.255 T and
T = 77 K, we find a typical magnetization of 6.5 |j.B per
Gd atom.

Two bombarding energies, 200 MeV and 345 MeV,
were used to sample g-factors at different average spins
( « 4 h and «< 10 h, respectively) . The average spin
precession angles, determined from the yield effects in
two Ge(Li) detectors at Q = ±63°, are found to be
similar (i.e. within ±10%J for both Dy and 161*Dy. From
these results the spin dependence of the g-factors in
160'164Dy can be deduced, although this transformation
depends somewhat on assumptions of the velocity dependence
of the transient field. ,This part of the analysis is
still in progress. The Dy data are of PQQr accuracy
because of the low isotopic enrichment of Dy (=17%) in
the target.

2.13 Spin Rotation of 162Yb in Unresolve Levels at High
Angular Momentum

O. Hausser with H. Grawe, H. Kluge, H.-E. Mahnke,
W. Semmler (Hahn-Meitner Institut, Berlin), W. Witthuhn
(University of Erlangen-Nurnberg), and C.V. Stager
(McMaster University)

The new transient field apparatus described
earlier (PR-P-134: 2.29; AECL-7778) has been used for the
first time in an experiment using the 362 MeV Kr beam
from the VICKSI accelerator. States of very high spin in
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162Yb were populated in the 80Se(86Kr,xn) reaction, and
the spin rotation of the unresolved levels resulting from
the transient field interaction in a polarized Gd foil
kept at 77 K, was observed with the arrangement shown in
Fig. 2.13.1. The reaction channel and the range of
initial spins were selected by the use of a Nal(TJl) sum
spectrometer, which also helped to completely suppress the
large background from Coulomb excitation of Kr and of
Gd.

COLO FINGER NoNTi) SUM

V////V////////////////C
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Figure 2.13.1

Schematic view of

the apparatus used

for measurements of

average g-factors of

high-spin continuum

states. Discrete

transitions are ob-

served in two Ge

detectors at forward

angles, unresolved

gamma radiation in

two Nal(TA) detec-

tors at backward

angles.

In Fig. 2.13.2 the bump of E2 transitions is seen to
extend above E^ = 1 MeV, with the bump edge moving to
higher energies (and higher entry spins) for higher sum
energy slices. The raw transient field effects, e, for
the higher sum energies are seen in the lower half of
Fig. 2.13.2.
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The yield effects vanish for the statistical transitions
above E^ « 2 MeV, and build up across the E2 bump
towards the discrete transitions at low energies. They,
together with the measured angular distributions, imply
precession angles of « 40 rarad for the unresolved E2
transitions around 1 MeV. Further analysis will provide
estimates of the average g-factors and the collectivity in
the spin range 16-30 "n.
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Figure 2.13.2 Results

obtained with the
8 0Se( 8 6Kr,4n) 1 6 2Yb reac-

tion at E(Kr) = 362 MeV.

The energy spectra (top

half) were observed with a

Nal(TJl) detector in coin-

cidence with a sura-energy

detector (see Fig.

2.13.1). The raw

transient field effect E

for the hign sum-energy

slices (#4-#8) is shown in

the lower half.
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2.14 Counter Response for the Neutrino Mass Experiment

R.L. Graham, J.S. Geiger, J.L. Gallant, L.V. Smith with
M.A. Lone (Neutron & Solid State Physics Branch)

For initial tests a 1 mm wide source of l69Yb
was prepared from relatively low specific activity
material. Monoenergetic conversion electrons of 18.4 keV
(Mj 20.74 line) and 53.0 keV (Lj 63.1 line) were
focused on the thin side entrance window (« 100 ng/cm2) of
a 1.2 cm diameter proportional counter. The gas filling
was isobutane at a pressure of 7.5 kPa. The resulting
pulse-height spectra showed broad Gaussian peaks fully
resolved from the noise and high-energy tails extending to
about five times the pulse height at the peak. The peak
is attributed to electrons travelling across the diameter
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of the counter and the tail to electrons scattered along
the 5 cm length of the counter. The next step will be to
test the double layer counter array (next section); each
element will have a smaller active "diameter" of a 2 mm.
Coincidence techniques will be tested as a means of
reducing the counter background rate.

2.15 Mechanical Design of Counter and Source Test Assemblies
for the Neutrino Mass Experiment '^ir'

j,S. Geiger, R.L. Graham, R.E. Howard, N.C. Bray wi^h.
M.A. Lone (Neutron & Solid State Physics Branch)

For test purposes a multiwire proportional
counter array is being assembled. It consists of a front
layer having 12 active wires at 2 mm spacing and a similar
12-element layer 6 mm behind it separated by a grounded
grid of wires at 1 mm spacing. A 28 cm diameter counter
chamber has been designed and fabricated and is ready for
leak testing.

In the final experimental arrangement we
anticipate using a multi-element source. Each ele^ati
will "be a vertical strip about 1 mm wide and J.Q ejft high
electrically insulated from the neighbours,, fhe images of
the source elements at the focal plane will be m&ge, to
coincide by applying appropriate potentials, %@ each
element (K.E. Berqkvist Nucl. Phys. B39 fl??2) 317}, The
electrostatic acceleration or deceleration, of electrons
emerging from the source strips will have §n. effect on
focusing that is difficult to calculate in detail, A test
assembly has therefore been designed to permit a
quantitative measure of these effects, A Yb "source
element" will be moved to various positions on a gridded
array having a potential distribution similar to that
envisaged for the full-scale experiment.

Conceptual design of an appropriate test
arrangement is complete and detailed design is in
progress. Certain components have been ordered.

2.16 Single Channel Analyzer Design for the Neutrino Mass
Experiment

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

The pulse-height response for mono-energetic
electrons is described in a preceding section (2.14). A
low energy discriminator is required to reject noise
pulses and an upper level discriminator may prove useful
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in restricting the range of pulse heights to be accepted.
A single channel analyser (SCA) based on a conceptual
design provided by F.J. Sharp has been built and tested.
It accepts differential input signals (0 to 1 V) from the
Le Croy TRA510 preamplifiers to be used with the
proportional counters. A printed circuit board layout
has been designed that accommodates three SCAs. A
single-width NIM module will contain two boards i.e. six
SCAs. An order has been placed for six boards.

2.17 Source Preparation for the Neutrino Mass Experiment

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

Measurements, as described previously (PR-P-135:
2.11; AECL-7907), have been carried out on two more
batches of samples with the aim of preparing * 1 p.g cm"2

layers of Ti containing at least 10 ng cm" hydrogen
isotope. As before deuterium was used instead of tritium
for safety reasons.

The first set of samples were in the range of
2 ng cm" of Ti evaporated on quartz heated to 300°C
followed by soaking in D 2 gas at pressures of 0.5 to 3
torr. The eleven-sample average nominal thickness (based
on the quartz crystal oscillator thickness monitor) was
2.63 \xg cm" Ti with a standard deviation of 0.33 |i.g
cm" . The average Ti thickness determined from the
Rutherford scattering analysis was (1.99 +0.23) ng cm" .
The difference reflects systematic errors in the two
methods of thickness determination as well as the
possibility of an oxide layer on the Ti. The deuterium
content of these samples had a very large scatter - 1 to
57 ng cm (mean of 27, SD of 19).

The s,econd set of 5 samples were intended to be
about 1 tig cm" . The mean and standard deviation of the
thickness monitor results were 0.9 ± 0.14; of the
Rutherford scattering 1.12 ±0.3 \xg cm" . The deuterium
content ranged from 1.6 to 5.8 ng cm" (mean, S.D. of 3.8
± 1.6). Special care was taken in the preparation of the
second set of samples to ensure that the substrate had
reached ambient temperature before exposure to the
atmosphere.

The maximum tolerable Ti thickness will be
determined from lineshape measurements with low energy
conversion lines (see sect. 2.14) as a function of
overlying Ti thickness. Prom our results to date it
appears easy to achieve the required tritium loading in 2
\xg cm" layers but problematical at 1 (jg cm" .
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2.18 Target Preparation Laboratory

J.L. Gallant and P. Dmytrenko

During this period targets of 2<*Mg, 26Mg, 30Si,
34S were prepared for nuclear physics experiments carried
out at Lawrence Berkeley Laboratory, University of
California. High purity gold and tantalum targets were
prepared for T.K. Alexander for capture cross section
experiments. Several foils were prepared and tested as
substrates for helium implantation. It was found that
niobium foils were by far the cleanest and most effective
for this purpose.

Glass slides were coated with 1 fig/cm aluminum
and 15 ng/cm SiO2 to be used as beam splitters. Carbon
films were prepared for sale to the following: Wisconsin
University, Texas State University, McMaster University,
The State University of Korea, Notre Dame University.
Nickel foils were mounted on large frames for
V.T. Koslowsky. Chromium was deposited on projector
slides for R. West, Electronics Branch, to be used in
spent fuel studies.

A small quantity of 168Yb was irradiated in the
NRU reactor with a neutron flux of 4 x 10 *3 cm~2s~1 for
nine hours, to produce the isotope Yb which was then
used to prepare a calibrating source for the neutrino mass
measurement (N.M.M.) study (sect. 2.14). As a more potent
source is required, another similar quantity of 168Yb is
now being irradiated in the NRU reactor with a neutron
flux of 2 x 10li* cm"2s~1 for 30 days. More tests have
been performed, with deuterium, to determine the ideal
conditions to produce the tritium sources for the N.M.M.
(sect. 2.17).

A miniature reactor vessel has been constructed
to prepare single crystals of tungsten by the selective
chemical vapour deposition technique. Several crystals of
natural tungsten will be prepared and tested for
perfection, and then crystals of five stable isotopes of
tungsten will be prepared.

2.19 Isotope Separator Tests

H. Schmeing, W.L. Perry, J.S. 'wills, D.N. Standish and
J.C. Hardy

The first six weeks of the report period were
used intensively for separator testing. In spite of
occasional power interruptions, the separator was
available about 90% of the time. The instrument was shut
down on November 15 for the scheduled move to the new
target location. It is expected that the separator will
be available again for experiments late next summer.
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The tests were aimed at determining which
property of the instrument limits the highest presently
achievable resolution, R=20,000. After the extraction
voltage and the magnet current have been stabilized over
the course of the last year to better than 5xlO~6, three
factors remain which could be responsible: (1) the energy
spread from the ion source (ii) the effective width of the
ion source aperture, and (iii) magnet aberrations.

Two independent techniques were employed to
determine the energy spread from the source. The first
utilized a gridded retardation system consisting of three
parallel planar wire grids (100 lines per cm, 85%
transmission) mounted in a beam line section at the 0°
port of the collection chamber. The two outer grids were
grounded, and the central grid was connected to the
separator's high voltage supply. With additional"
batteries in a potentiometer circuit, the potential of the
central grid could be varied up to ± 10V with respect to
the acceleration voltage. A channeltron operating in
pulse counting mode was used to measure the intensity of
the beam penetrating the device as a function of the
retarding voltage.

Background rate problems limited the use of this
device to voltages below 15 kV. Since the energy spread
from the ion source is not expected to depend on the
acceleration voltage, the restriction was not considered
serious, and the system allowed us to measure the beam
energy profile under otherwise normal operating
conditions.

With this retarding system it was observed that
the energy spread of the beam depended quite strongly on
the operating conditions of the source. For the Febiad
source optimized for high yield we measured typically a
spread of 3-4 V FWHM. A much narrower distribution was
obtained when about half of the intensity was sacrificed;
the narrowest distribution measured had 1.4 V FWHM. Such
a strong dependence on the operating conditions at
constant source temperature is puzzling.

These results were corroborated by a second
technique. A very small (50 urn i.d.) aperture, inserted
into the beam 5 cm downstream from the extraction elec-
trode, served to define the entrance slit width and also
reduced the source emittance by about one order of magni-
tude. Since higher order aberrations decrease with the
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square of the opening angle or even more strongly, the
added aperture singles out the energy spread from the
source as the dominant contribution to the beam width in
the image plane. That width was observed to be between
1.2 and 3.5 V.

If there were no other contribution then the
width w of the distribution, in volts, should be
independent of the accelerating voltage. This is true,
however, only for low accelerating voltages: w = 1.50 V
(at 5 kV), 1.55 V(10 kV), 1.60 V(20 kV), 2.1 V(30 kV).
Thus we conclude that even with a source emittance reduced
so far that it would be useless for production runs,
magnet aberrations do contribute to the resolution at the
usual operating voltage of 30 to 40 kV. Even if an
additional electrostatic element would totally compensate
for the energy spread from the source, this would likely
not double the resolving power achievable now unless there
were a fortuitous cancellation of aberration terms.

2.20 Isotope Separator Relocation

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

On November 15 the isotope separator was shut
down for the last time in its original location.
Dismantling began immediately and within several weeks all
wiring and plumbing had been removed from target room 1.
The sheathing of room 113A with metal is now in progress
and as soon as the new area is surveyed, separator
components will be moved to their final location.

The design of the new ion-source cage is still
underway but is not expected to delay timely
construction. Design of the catwalk to the roof of 113A,
where the cage will be located, is complete and
construction will begin soon.

The unexpectedly early availability of the old
Van de Graaff control panel has permitted us to dispense
with our plans to use our own panel temporarily. This
move, directly to the Van de Graaff panel, will
necessitate some changes to our wiring diagrams, but again
no delay in construction is anticipated.

2.21 MP Tandem Operations

J.C.D. Milton

The tandem remained shutdown during the
quarter. Modifications for TASCC continued. Assembly of
the new ion source cage and components continued; the
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inflection magnet, ion source vacuum manifold and
de-ionized water systems have been installed. Assembly of
the tandem injection line is underway. The accelerator
tube vacuum system has been installed and high vacuum has
been established. Installation of stepper motor drives
for the various tandem operating parameters continued.

2.22 Beta Response Functions for a Detector Telescope

E. Hagberg and E.T.H. Clifford

The beta response functions determined
(PR-P-120: 2.9; AECL-6452) for the detector telescopes
used in the kinematic shift experiments have been
re-examined with the intention of investigating the
differences in the response to positrons and electrons.
The mathematical description of the electron response
function employs 3 free parameters that for each electron
energy are determined simultaneously from maximum
likelihood fits to the experimental data.

The positron response function on the other hand
requires 6 free parameters in order to describe the
experimental data accurately. Three of these parameters
describe features in the response function that are
associated with positron annihilation events. Of the
remaining three parameters two describe the same
functional behaviour for both positrons and electrons, and
their established values are very similar for the two
cases. The last parameter describes a long, low-energy
tail that is common for both types of response functions.
However, the shape and magnitude of this tail is different
for positrons and electrons. So far, we have not yet been
able to explain fully these differences from simple
considerations of the disparity between the scattering
cross sections for positrons and electrons and the effect
of annihilation in flight. More detailed investigations
are in progress.

The response functions established for mono-
energetic beams of positrons and electrons in the energy
range 0-4 MeV are being prepared for publication.

2.23 Charged Particle Detection Station

D. Horn and M.G. Steer

The 1.75 m diameter scattering chamber described
earlier (PR-P-133: 2.52; AECL-7683) requires a target
ladder with a vacuum lock so that targets may be loaded
and positioned without disrupting the chamber vacuum and
the sensitive gas-filled detectors therein. Such a target
vacuum lock has been designed, constructed, and tested.
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The chamber side of the system remains under high vacuum
as the target ladder is rotated, raised, and withdrawn
from the chamber. High vacuum is also retained as the
twin valves are closed and the retracted ladder is broken
away for loading. Loading may be done at a location
remote from the chamber (e.g. the target lab) and may take
place under vacuum or in an inert atmosphere. It is
anticipated that this target vacuum lock would also be
adaptable to the larger scattering chamber envisioned for
a complete particle facility.

The detector box for the large-area position-
sensitive ionization chamber (PR-P-135: 2.13; AECL-7907
and references therein) has now been built. Initial
pressure tests led to a rewelding of some joints. Support
rods for the printed circuit electrodes have been
finished, and the 9-grid, which is the last and most
complex of the four oversize printed circuit boards, has
been developed and etched.

2.24 Monte Carlo Calculations of the Response of a Ge Detector
Surrounded by a BGO Anti-Compton Shield

E. Hagberg

An extension of the model used in earlier
calculations (PR-P-135: 2.15; AECL-7907) has been made in
order to investigate the effect of covering the entrance
opening of the shielded spectrometer with a 4mm-thick
layer of BGO. The incident y rays of interest (medium
energy) easily penetrate this thin BGO layer while the
backscattered y rays (low energy) have a much higher
probability of absorption in the BGO layer and thus
provide a signal that can be used for rejection of Compton
events.

The simulations showed that the effect of
introducing a thin active layer across the entrance
opening is a reduction of the number of backscattered
y-rays by a factor of six. Although insignificant when
compared to the total number of Compton events it still is
a considerable local improvement in the region where the
backscattering peak appears in the suppressed Ge spectrum.

2.25 Data Acquisition (Existing Computers)

F.J. Sharp

Considerable time and effort have been required
to correct and service hardware failures, induced into the
PDP-1 and PDP-10 computer systems by the month long power
shut down last September. This power shut down and
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several major air conditioning failures have played havoc
with the computer systems availability and reliability.
Since last June, there have been five major failures to
the air conditioning systems in the control room and the
computer memory room. On two separate occasions the air
conditioning failed within 24 hours of our completing
corrective maintenance to the PDP-10 computer for previous
faults induced by an earlier air conditioning failure.
These repetitious failures and the present thermal
instabilities of the air conditioning systems have
introduced many intermittent hardware faults in the PDP-10
computer which are time consuming to locate and correct.

The whole of the month of October was taken up
in repairing and servicing the PDP-1 computer and all its
associated data acquisition systems around the lab. This
has affected progress in the implementation and
installation of the SCC Vacuum Controller Interlock
Systems (sect. 2.27).

2.26 Data Acquisition (New Computer)

J.S. Forster, G.C. Ball and F.J. Sharp

Quotations for both VAX 11/750 and Perkin-Elmer
3230 based data acquisition systems have been received.
There was little difference in the cost of the two systems
and in view of the extensive software package for the
Perkin-Elmer system, available free of charge from the
Holifield Heavy Ion Research Facility, it was decided to
obtain a Perkin-Elmer 3230 computer with disk and magnetic
tape peripherals.

2.27 Electronic Systems for TASCC

F.J. Sharp

The outstanding components of the TASCC vacuum-
controller interlock systems have been received from an
outside supplier. Because of the need to repair the
existing PDP-1 and PDP-10 computers it was not possible to
carry out quality control inspections immediately upon
delivery. Unfortunately a number were found to be in an
unsatisfactory condition; they will now have to be
reworked in house.
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The last relay control unit for the SCC Faraday
cups/4 way slits multiplexer system has been built, but
has not yet been tested.

Development, implementation and installation of
TASCC beam diagnostics are also taking longer than
anticipated due to diversion of effort elsewhere. Long
delivery times for mutliconductor cables may introduce
further delays.

2.28 Tandem Electronics for TASCC

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

The first CAMAC-controlled beam-steerer chassis
has been completed (PR-P-135: 2.23; AECL-7907) and is
undergoing tests on the computer for software refinement.
Wiring of nine of thirty IGOR-interface/fibre optic con-
trol chassis (PR-P-135: 2.23; AECL-7907) has been
completed. Construction of the inflection magnet power
supply for the TASCC Ion Injector is well underway.
Chassis for the construction of the ESAG lenses are
partially completed in the machine shop.

2.29 Beam Transport System for TASCC

W.G. Davies and H.R. Andrews

Three quarters of the beam transport elements
have been received from Scanditronix. All shipments have
so far been received intact and without damage, an unusual
occurrence, as a result of careful packing and shipping.
Dipoles BIl and 2 are installed and aligned, as are
quadrupoles QI1, 2 and 3.

The power supplies have been carefully inspected
and a number of problems and/or queries have arisen.
These have been communicated to the manufacturer, and so
far acceptable solutions and/or answers have been
received. Most of the power supplies are now permanently
installed in rooms 8 and 116 respectively. BEl and BI3,4
are being assembled on their bases.

The two low energy inflection magnets have been
received from ANAC. Unfortunately the company has now
gone into receivership which will cause a serious delay in
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obtaining a power supply. Most test results for the
dipcle have been obtained from ANAC and are currently
being analyzed. The cage inflection magnet is being
installed and aligned.

Field Mapping of BI5 and BI6 is complete and the
results reviewed and accepted. These magnets will arrive
in mid January 1983, leaving only the steerer power
supplies and DC switch gear outstanding.

Acceptance tests of the installed components now
await completion of the chilled water system and the
installation of electrical services.

2.30 Progress of the BTS Vacuum and Support System for TASCC

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

During the present quarter the support system
and quadrupoles between the tandem and BI-2 have been
installed and aligned. Installation of the beam line
vacuum system has begun, and leak checking of the first
vacuum section is in progress.

Electrical services to the beam line are being
installed and the chilled water will be plumbed into the
beam-line cabinets upon delivery of the required flow
sensors and solenoid valves for the dipoles and quadru-
poles. The automatic vacuum control system will be
retrofitted after the installation of the services is
complete.

The detailed design is completed for the bypass
line and the injection line as far as BI-5; shop work will
begin as soon as finances permit.

2.31 CAMAC Hardware for the TASCC Control System

R.B. Walker and R.L. Graham

An update on the status of CAMAC equipment for
Phase I (previous report PR-P-135: 2.17; AECL-7907) is as
follows:
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Item

IGOR Modules (Input-
Gate/Output Register)

50-wire cables

Serial Highway Drivers

Fibre Optic U-port
adaptors

Knob control units

Status

The previous shipment of 50
IGORs was returned to the
manufacturer for minor
changes. Of the 46 returned
to CRNL 44 tested
satisfactorily and 2 have
been returned under
warranty. Two hundred more
are in production.

on quote

two on order

All 6 have been returned to
the manufacturer for
engineering update.

Six new units constructed in
addition to 6 locally made
earlier units. On quote for
4 additional commercial
units.

2.32 New Computers for the TASCC Control System

B.F. Greiner (NRX Reactor Branch), D. Oliver, W.F. Slater
and R.L. Graham

One of the two new PDP 11/44 computers
(PR-P-135: 2.18; AECL-7907) has been installed in the
tower room and brought into operation. The DEC IAS
software operating system has been installed and now
functions satisfactorily except for communication with the
TS-11 magnetic tape drive; the latter fulfills most, but
not all, of the desired functions under IAS. The
Hahn-Meitner VICKSI control software has been compiled and
task-built. Pull testing of this software awaits
installation of the CAMAC interface and delivery of
terminals and CAMAC modules.

2.33 Mimic Diagram Software for TASCC

G.F. Syms with B.F. Greiner (NRX Reactor Branch)

The software for mimic diagram creation reported
previously (PR-P-131: 2.33; AECL-7510) has been updated;
the latest version was received from the Nuclear Research
Centre, Jtllich in August. Many of the problems with the
earlier version of this software have been resolved and
this package is now running on the PDP 11/34 computer. A
draft of a users' guide has been prepared.
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2.34 System Variables for TASCC Control System

W.P. Slater

Of the approximately 1500 system variables that
will be needed for TASCC Phase I, only those for the ion
cage (» 200) have been defined. Of these about 175 have
been entered into the system variable data base on the PDP
11/34 computer. Only two variables have been fully
implemented; these have been used for off-line testing of
certain power supplies. Access is by the touch panel and
knob units. Linearity of response (output versus control
input) has been measured and plotted on the storage screen
display unit. Calibration data will be needed for each
device before full implementation can be started.

2.35 Laser Magnetic Resonance

J.S. Geiger et al.

See PR-CMa-63: 3.3.2.

2.36 Parity Violation in the Photodisintegration of Deuterium

E.T.H. Clifford et al.

See PR-P-136: 3.15.

2.37 Data Acquisition and Computer Control System for the
Neutrino Mass Experiment

R.L. Graham et al.

See PR-P-136: 3.17.

2.38 4TUY Count ing

L.V. Smith e t a l .

See PR-P-136: 3 . 2 2 .

2.39 Shell Model Calculation of High-Spin States in Dy Isotopes

D. Horn et al.

See PR-P-136: 4.7.

2.40 Publications and Lectures
a) Publications

9(1
KINEMATIC SHIFTS IN THE p-DELAYED-PARTICLE DECAY OP Na,
AND THE p-v ANGULAR CORRELATION
E.T.H. Clifford, J.C. Hardy, H. Schmeing, R.E. Azuma,
H.C. Evans, T. Faestermann, E. Hagberg, K.P. Jackson,
V.T. Koslowsky, U.J. Schrewe, K.S. Sharma and I.S. Towner
Physical Review Letters 50 (1983) 23.
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ÇQ-EXISTENCE OF SPHERICAL AND OBLATE CONFIGURATIONS IN
™7Gd
O. Bakander, C. Baktash, J. Borggreen, J.B. Jensen,
J. Kownacki, J. Pedersen, G. Sletten, D. Ward,
H.R. Andrews, O. Hausser, P. Skensved, P. Taras
Nuclear Physics A389 (1982) 93

MEASUREMENT OF AVERAGE ELECTRON DENSITIES IN Si AND Ge
USING MeV y-RAYS PRODUCED BY CHANNELLED HIGH-ENERGY
PROJECTILES
J.F. Bak, G. Melchart, S.P. Moller, J.S. Forster,
P.R. Jensen, H. Madsboll, G. Petersen, H.Schiott,
E. Uggerhoj, J.J. Grob and P. Siffert
Nuclear Physics A389 (1982) 533

c) Lectures

The following abstracts were submitted to the American
Physical Society, Nuclear Physics Division Meeting held in
Amherst, MA, 1982 October 14-16.

FERMI BETA DECAY: PRECISION Q-VALUE DOUBLET MEASUREMENTS
BY A NEW TECHNIQUE
J.C. Hardy, V.T. Koslowsky, R.E. Azuma, G.C. Ball,
E.T.H. Clifford, W.G. Davies, E. Hagberg, H. Schmeing,
U.J. Schrewe and K.S. Sharma

DELAYED PROTON DECAY OF THE T„ = 3/2 NUCLIDES 83Zr, 87Mo
AND 9imRu Z

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

THE HALF-LIVES OF 26m, 3**CJL AND 3mK
V.T. Koslowsky, E. Hagberg, J.C. Hardy, H. Schmeing,
K.S. Sharma, W.L. Perry, E.T.H. Clifford, R.E. Azuma and
H.C. Evans

A HE-JET SOURCE FOR THE CHALK RIVER ON-LINE ISOTOPE
SEPARATOR
H. Schmeing, J.S. Wills, J.C. Hardy, E. Hagberg and
V.T. Koslowsky

g-FACTORS OF HIGH-SPIN STATES
O. Hausser
Invited talk, International Conference on High Angular
Momentum Properties of Nuclei, held in Oak Ridge,
Tennessee, 1982 November 2-4.
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3.26 Machine Shop Services
3.27 Core Excited Proton States at High Spin in 1 5 0- 1 5 2

 D y

3.28 Counter Response for the Neutrino Mass Experiment

3.29 Mechanical Design of Counter and Source Test Assemblies

for the Neutrino Mass Experiment

3.30 Single Channel Analyser Design for the Neutrino Mass

Experiment

3.31 Resonance Averaged Channel Radiative Capture Cross Section

3.32 An Interference Effect in the Channel Radiative Capture

Process

3.33 Publications and Lectures
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3.1 Staff

BRANCH HEAD: G. Dolling

Technical Staff

SECTION I SOLID STATE PHYSICS

G. Dolling
W.J.L. Buyers
T.M. Holden
S.M. Kim
C.P. Martel
B.M. Powell
E.C. Svensson

J.C. Evans
H.F. Nieman
M.M. Potter
D.C. Tennant

SECTION II NEUTRON NUCLEAR PHYSICS

J.Wc Knowles
E.D. Earle
M.A. Lone

R.J.E. Deal
L.A. Milani
W.F. Mills

SECTION III NUCLEAR DETECTORS AND METROLOGY

J.G.V. Taylor
M.A. Gulick
W.M. Inglis
R.H. Martin
G.A. Tapp
R.J. Toone

GLASS8LOWING
J.G. Wesanko
D.A. Doering

WORKSHOPS
A.H. Hewitt
H.C. Spenceley

DESIGN

W. McAlpin
J. Dunn(l)

SECRETARIAL STAFF

A.M. VanDine

1. Seconded from Design and Technical Service Branch,
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3.2 Investigation of Particle Size in Colloids

W.J.L. Buyers, B.M. Powell with K. Monserrat (System
Materials)

A search has been carried out for the small-angle
scattering of neutrons by a colloid of platinum in water
containing approximately one Pt atom for every 40 water
molecules. Previous transmission electron microscopy on
the dried colloid had suggested a particle size of about
50 A. Such large particles of pure platinum should have
been readily observable in the scattering of the 4.3 A
neutrons used in the experiment. However, no small-angle
scattering significantly above the pure water background
was observed. Two small-angle scattering techniques were
used: the conventional narrow-beam method, and also the
double-crystal method employing two near-perfect germanium
crystals as monochromator and analyser. The null result
suggests that the characteristics of the colloids need to
be re-examined. In one case the variation of optical
opacity as a function of growth temperature clearly indi-
cated the presence of particles comparable in size to the
wavelength of light. Further work is necessary to resolve
the differences between the electron microscopy and neu-
tron results.

3.3 Low Frequency Vibrational Spectra of Red Blood Cells

P. Martel with S. Rowlands (University of Calgary)

Normal human erythrocytes in plasma form aggregates
faster than Brownian motion predicts. To explain this
behaviour, investigators (S. Rowlands et al., Phys. Lett.
87A, (1982) 256) have proposed an attractive interaction
arising from the coherent vibration of polarized membrane
molecules at a frequency, v, of « 10 Hz.

Red cells were packed down in a centrifuge from fresh
blood extracted on the day of the experiment, and these
cells were subsequently extracted with a syringe. Using
the L3 spectrometer, inelastic neutron scattering measure-
ments were then carried out on the cell samples contained
in quartz vessels. The measurements covered the frequency
range 1010 < v < 10 Hz. Measurements were also carried
out on specimens whose pH had been lowered to 6.3 with
0.14 molar HCA in 0.14 molar NaCA. This acid treatment
reduces the membrane potential to near zero so that the
attractive interaction is switched off (S. Rowlands et
al., Can. J. Physiol. & Pharm. 60̂  (1982) 52).
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Within statistics, the acid-treated and normal cells
gave the same spectrum, and no significant peaks were
observed in the range 1010 < v <10lz Hz.

Mrs. Marguerite Plattner and Dr. C. Birnboim of
Biology and Health Physics Division assisted with specimen
preparation.

3.4 Rotational Modes of Ice at -10°C

P. Martel

In a recent publication (P. Martel, Biochim. o'c Bio-
physica Acta 714 (1982) 65) the beryllium-filter technique
was applied to the problem of determining the percentage
of tightly bound water in live tissue. The method assumed
that the tightly bound and free fractions of water in tis-
sue were proportional to the frequency responses of ice
and water in the frequency region dominated by rotational
modes. In this study, the frequency spectrum of ice at
124 K was utilized. If the spectrum immediately below the
freezing point were significantly different from that at
124 K, the method might be deemed questionable.

Using the N5 spectrometer, measurements were
attempted on water (298 K) and ice (263 K) specimens
contained in 1 mm. I.D. brass tubes. Unfortunately these
tubes burst on going below freezing, but when allowance
was made for slow loss of specimen during the course of
repeated runs, it appeared that the ice spectrum at
263 K was similar to that obtained previously at 124 K.
The water spectrum was the same as that obtained earlier.
Further runs are planned with annealed copper tubes as
specimen holders.

3.5 Phonons in Potassium Mercury Tetracyanide

B.M. Powell

The cyano spinel K2Hg(CN)it has been reported to un-
dergo a phase transition at 110.5 K in which the cubic
spinel structure of the high temperature phase is dis-
torted into a lower symmetry structure. The structure of
the low temperature phase is not known at present. The
elastic constants of the high temperature phase show an
anomalous decrease in magnitude as the temperature is
lowered to the phase transition (S. Haussuhl, Acta. Cryst.
A32 (1976) 160). In an attempt to elucidate the nature of
this phase transition, the acoustic branches of the phonon
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dispersion relation have been measured along high symmetry
directions at 25°C.

The measurements were made on the C5 spectrometer at
the NRU reactor. The monochromator and analyser were
Ge (111) and graphite (002) planes respectively, and the
collimations before and after the sample were 0.6° and
0.7°. Both longitudinal and transverse acoustic branches
along the [100] , [111] and [110] directions have been
measured, and the sound velocities are in good agreement
with those calculated from the elastic constants. At the
X zone-boundary point the longitudinal and transverse
modes have frequencies of 0.94 ± 0.04 and 0.53 ± 0.02 THz
respectively, while at the L zone-boundary point fchay have
frequencies of 1.03 ± 0.04 and 0.61 ± 0.03 THz. Oae of
the optical modes at r has been observed at a frequency of
1.60 ± 0.04 THz, and several optical modes have also been
observed near the X and L points. In addition, a "streak"
of diffuse elastic scattering is observed to extend from
the strong reciprocal lattice point (440) towards the X
point (441). Studies of all of these features are in pro-
gress at 120 K to check for any marked temperature depend-
ences which may be related to the phase transition.

3.6 Vacancies in Stoichiometric FeAA Studied by Positron
Annihilation

S.M. Kim

Stoichiometric FehS, is an alloy having an ordered bcc
structure up to near the melting point (1260°C). It is
known from lattice parameter and length measurements at
high temperatures (800°C < T < 1000°C) that the vacancy
concentration in Fehi at 1000°C is about 1%, much higher
than in most metals where it is typically about 0.05% near
the melting point. It has also been speculated that in
FeAfc vacancies form only on the Fe sublattice and not on
the As. sublattice. In order to gain a better understand-
ing of the peculiar vacancy properties in FeAJl and other
similar alloys (COAA, NiGa, etc.), we have begun measure-
ments of the positron annihilation characteristics in
sto.ichiometr.ic FeAA as a function of temperature. Prelim-
inary peak-rate measurements from 20°C to 950°C show that
the peak rate increases only slowly from 20°C to 620°C but
then increases rapidly above 620°C. In addition, the peak
rate measured in descending temperature cycles shows an
appreciable hysteresis effect. Since positron trapping at
monovacancies usually saturates at a concentration of
about 0.05%, the rapid rise of the peak rate above 620°C
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is indicative of divacancy formation and trapping at these
temperatures. The observed hysteresis as well as the
relative insensitivity of the peak rate to temperature
between 20°C and 620°C is indicative of an appreciable
monovacancy concentration at these temperatures.

3.7 Neutron Scattering From USn3

T.M. Holden and W.J.L. Buyers with M. Loewenhaupt and
G.H. Lander (Argonne National Laboratory)

USn3 is a chemically ordered metallic alloy with the
CU3AU structure and a lattice parameter of 4.591 A at
4.2 K. USn3 does not order magnetically but polycrystal-
line samples exhibit a broad distribution of magnetic
inelastic neutron scattering extending to about 12 THz
(M. Loewenhaupt, S. Horn, F. Steglich, E. Holland-Moritz
and G.H. Lander, J. Phys. Coll. C4 Suppl. 4, 40̂  (1979)
C4-142). A broad magnetic response of this kTh~d charac-
terises many metallic uranium compounds including several
of the uranium rocksalt structure compounds studied at
Chalk River (PR-P-132: 3.5; AECL-7605, PR-P-117: 3.10;
AECL-6177).

Neutron scattering studies of the magnetic and phonon
scattering have been made on a single crystal of USn3 at
4.2 K. The N5 spectrometer was used with Si (111) planes
as monochromator and analyser and with several fixed ana-
lyser energies in the range 3 - 9 THz. The phonon fre-
quencies lie below 4.6 THz. The phonon dispersion rela-
tions in the three principal symmetry directions are simi-
lar to those observed for the analogous alloy LaSn3

(C. Stassis, J. Zaretsky, C.-K. Loong and O.D. McMasters,
Phys. Rev. B23 (1981) 2227) except that the zone centre
optic modes are higher in frequency in USn3. A broad dis-
tribution of scattering at (001) has been identified as
magnetic by form factor analysis. The magnetic scattering
decreases slowly as the reduced wave vector increases
showing that the exchange interactions between uranium
ions are weak. There is no evidence to suggest that the
dynamic susceptibility is peaking at wave vectors such as
(1/2 1/2 1/2) where the isostructural compound UPb3 orders
magnetically (A. Murasik, P. Fisher and Z. Zolnierek,
Physica 102B (1980) 188).
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3.8 Alternate Method of Observing Soliton Motion

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

Solitons in a one-dimensional Ising-like antiferro-
magnet hop two steps at a time down the chain. To see
this motion it has been customary to study the neutron
scattering, S(Q,«), as a function of frequency transfer,
v = U/2TT, while holding fixed the momentum transfer, Q.
Peaks have been observed by this procedure, but with con-
siderable broadening (PR-P-135: 3.9; AECL-7907). In a new
study of soliton scattering in CsCoBr3, the wave vector
was scanned through the zone centre, Q = IT, while keeping
the frequency transfer fixed. The Q scan was of the form
(1.45, 0, n), and profiles corresponding to frequencies of
0.0, 0.2, 0.4, 0.6, 0.8, 1.0 and 1.2 THz were obtained.
As the frequency transfer increased, the central peak
split into two peaks which became increasingly sharp and
well-defined as v + 1.0 THz, i.e. near the maximum fre-
quency of the Villain mode. The results suggest that the
soliton is better defined spatially than it is temporally.

3.9 Soliton Motion in a Finite Chain

M. Kent and W.J.L. Buyers

Calculations of the spin-correlation functions of the
spin-wave and soliton motion in a 14-spin Ising-Heisenberg
quantum chain have been completed. The Lanczos method has
been used to generate eigenstates and eigenvalues. The
spin-wave response is found to be in good agreement with
perturbation theory for small transverse exchange (trans-
verse = 0.1 x longitudinal). The soliton scattering is
found to contain, in addition to the low-frequency contin-
uum of Villain, a central peak in SZZ(Q,OJ) for all Q.
The peak has its origin in transitions between pairs of
Ising states related by reflection about the middle of the
chain.

3.10 Computer Program for "Debye Plot" Analysis of Small-Angle
Neutron Scattering Data

P. Martel

To facilitate the derivation of particle size
distributions in polydisperse systems from the results of
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small-angle neutron scattering measurements, a computer
program has been written for evaluating the characteristic
correlation lengths Al and A2 in the correlation func-
tions, YI(£) and 1z(*)> given by exp-(r/Al) and
exp-(r/A2) respectively. The correlation functions
assume fluctuations in scattering-length density which are
a function of distance, r, only (G.D. Wignall et al..
Polymer j23_ (1982) 957). *The usual method of analysis is
to plot the inverse square root of the scattered intensity
versus wave vector transfer squared in order to extract a
straight line segment whose slope is equal to Al2. Our
program produces such a plot after making appropriate cor-
rections for transmission and background effects. The
program also does a least-squares fit to the corrected
data of an analytical expression involving YI and Y2 which
has been appropriately modified to take into account reso-
lution effects. The values and statistical uncertainties
of Al and A2, as well as the relative proportions of yi
and Y2, can thus be obtained.

3.11 Spectrometer Control Program

M.M. Potter and B.M. Powell

A new mode of operation has been added to the spec-
trometer control program. The mode (designated as the "P"
mode) enables the calibration of the spectrometers to be
carried out more conveniently. The user must specify the
monochromator planes, the neutron frequency at which the
calibration is to be done, the standard powder specimen to
be used for the calibration, and which Debye-Scherrer
lines from the standard are desired. Under control of the
new P mode, the spectrometer will then measure the
requested Debye-Scherrer lines and will fit each one to a
Gaussian line shape. The values of the scattering angles
corresponding to the peak positions, the linewidths, and
the backgrounds are determined from the fits.

3.12 Spectrometer Control System

M.M. Potter and W.J.L. Buyers

The L3 spectrometer control system has been replaced
with a new system similar to the type used on the C5 and
N5 spectrometers (PR-P-135;, 3.14; AECL-7907). The new
system is linked to the host computer via the Star-11 net-
work and therefore has access to all the shared facili-
ties. Improvements to the control program for all
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spectrometers include -: status file which enables loading
of new scan data with .>*t interrupting the count at the
current point of a sea. .

3.13 Reactor Beam-Hole Use

E.C. Svensson and H.F. Nieman

The C2 fast-neutron chopper/ the N4 thermal-beam
facility, and the E3 McMaster University spectrometer were
shutdown for the period. The E2 McMaster University
spectrometer operated for 70% of the period while the
Guelph University spectrometer operated for 30%.
Utilization at the other occupied beam holes was as
follows:

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)

0 70

0 0

0 95

2 87

1 98

Total reactor operating time was 76 days.
* The C4 facility was shut down for this quarter to enable

the installation of a new analyzing spectrometer and control
system.

** The L3 facility was shut down for 10 days to enable instal-
lation of a new control system.

Cl
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2

0
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2

1
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3.14 A Preliminary Interpretation of the Pine-Structure
Observed in the Photofission of U

J.W. Knowles and W.F. Mills

We have estimated fissiqn transmission factors Tf
for 238U from the photofission cross sections a f
measured between 4950 and 6350 keV (PR-P-134: 3.18; AECL-
7778). For these estimates we required photo-absorption
cross sections aa, y-ray transmission factors T and
neutron transmission factors Tn above the neutron
separation energy of 238U at 6.147 MeV. Values of aa
were obtained from the extrapolated tail of the giant
dipole resonance cross section measured by A. Veyssiere et
al. (Nucl. Phys. A199 (1973) 45) and values of T were
calculated using aa and level density distributions for
electric dipole y-ray transitions in 2 8U estimated by
Gilbert and Cameron (Can. J. Phys. 3̂_ (1965) 1446).
Values of Tn for

 238u were determined as described by
A.M. Khan et al. (Nucl. Phys. A179 (1972) 333). We have
evidence for a completely open fission channel in 238U at
6.4 MeV where the spectrum for Tf is equal to unity.
Previous measurements of the angular distribution of fis-
sion particles following (yf) in 38U (J.W. Knowles et
al., Izv. Akad. Nauk. Ser. Fiz. 3± (1970) 1627) show that,
of the 3 possible channels, J = 1~, K = 0 and 1, and J =
2 , K = 0, only fission via the J = 1~, K = 0 channel is
prominent in the energy range 5.5 to 6.4 MeV. Assuming
that this fission channel is described by a double-humped
fission barrier, our measurements are consistant with
inner and outer barriers of 5880 and 6400 keV respec-
tively, in reasonable agreement with those obtained by
B.B. Back et al. (Phys. Rev. C9 (1974) 1924). However, a
simple double-humped fission Harrier cannot account for
the fine-structure observed in the Tf spectrum of 238U.
This spectrum shows sharp increases in slope at 5510, 5880
and 6150 keV which would correspond to equally sharp
decreases in slope, indicating shelves at these energies,
in the outer or inner surfaces of the potential energy
distribution describing the fission process. The fine-
structure, 5 peaks between 5520 and 5880 keV and 3 peaks
between 5920 and 6150 keV (each 15 - 30 keV wide), is
interpreted as evidence of vibrational resonances in two
additional shallow wells, each 400 - 800 keV deep, located
just below the shelves at 5880 and 6150 keV respectively.
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3.15 Parity Violation in the Photodisintegration of Deuterium

E.D. Earle and R. Deal with E.T.H. Clifford (Nuclear
Physics Branch)

Further testing of the prototype BIC detector
(PR-P-135: 3.21; AECL-7907) has been performed at the Z-2
reactor with neutron fluxes up to 2 x 10
neutrons«cm~ «s~ . These tests indicate that the per-
formance of the detectors as designed is satisfactory.

Detectors having 10B thicknesses of 0.4 and
0.3 mg«cm~ were examined. These gave ion-current signals
of similar magnitude and variance, with the 0.3 mg«cm~
detector being marginally better. The effect of increas-
ing the plate separation by a factor of three was simu-
lated by replacing the H2 filling gas with Ar. As ex-
pected, the magnitude of the signal increased but there
was no improvement in the variance. Since the counter's
sensitivity to y-ray background is proportional to plate
spacing, the small spacing of the original design is
preferred.

The BIC detectors and Pb shielding will be mounted on
three shock absorbers which have been tested and shown to
reduce the microphonics in the detectors by a factor of
4.5

The configuration of the grounding planes in the
voltage-to-frequency convertors has been altered to reduce
the sensitivity of the module to electromagnetic
interference.

3.16 Total Neutron Yields from Bombardment of Thick Targets of
Cu, Fe and Th with 100 MeV Protons

M.A. Lone with R.T. Jones, A. Okazaki and B.M. Townes
(Reactor Physics Branch) and J.K.P. Lee, R.B. Moore and
L. Nikkinen (McGill University)

In order to establish firm neutron yield data for
verification of the computer codes for spallation neutron
source studies, further measurements of the total neutron
yields from (p,xn) reactions at 100 MeV were carried out
at the McGill University cyclotron with a water bath tech-
nique (PR-P-129: 3.14; AECL-7328). Analysis of the data
from Cu, Fe and Th targets is in progress.
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3.17 Data Acquisition and Computer Control System for the
Neutrino Mass Experiment

M.A. Lone with R.L. Graham, J.S. Geiger and L.V. Smith
(Nuclear Physics Branch)

The ND6660 computer-based data acquisition system has
been installed at the TT/2 spectrometer and used for
preliminary tests of the spectrometer with a single wire
proportional counter and a Yb conversion electron
source. The 112 channel multi-input counter module for
the multi-wire proportional counter has also been
installed and tested.

The general purpose controller (PR-P-134: 2.20; AECL-
7778) for the peripheral devices has been completed.
Testing of the controller and development of software for
control of the n/2 spectrometer magnet settings and the
voltage gradient across the multi-element source are in
progress.

3.18 BIC Detectors

R.J. Toone

A work order for eighteen production model chambers
was issued to the main machine shop and machining was
approximately 60% complete at the end of the quarter.
Forty six more electrode surfaces have been coated with
B, enough for two complete chambers with some spares. A

jig has been designed and built for leak-testing the top
window assembly before the final weld is made. The
vibration-isolation supports have been received and tested
on site in Bldg. 610.

3.19 Gas Counters

W.M. Inglis, M.A. Gulick, R.J. Toone, G.A. Tapp and
J.G.V. Taylor

The 3He counter filling system is being assembled in
the Bldg. 116 machine shop. A variable electronic control
for the 3He pump valve timing sequence has been designed
to replace the present fixed timing mechanical system.

A BF3 counter for ultra-cold neutron research was
repaired, refilled and tested but subsequently it
developed another leak in its thin Ti window. This
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counter is being redesigned to make window replacement
simpler.

Wires were replaced in a 4 ire counter used at the iso-
tope separator in Nuclear Physics Branch.

A surplus TPA MKII 4TIY ion chamber has been acquired
from General Chemistry Branch. Tests with a Ge(Li) detec-
tor showed it to be contaminated with traces of 60Co and

Cs. Attempts will be made to remove this activity
because a spare chamber is needed so one of our calibrated
chambers can be loaned to NRC. Commercial versions of
this chamber are expensive and sometimes less reliable
than the original Chalk River-Harwell instruments.

3.20 Data Acquisition System for Radionuclide Metrology

G.A. Tapp and J.G.V. Taylor with G.W.R. Edwards
(University of Waterloo)

The CAMAC part of this system (PR-P-135: 3.30;
AECL-7907) has been deferred until capital funds are
available to purchase the remaining modules. The
interface software for the multichannel analyser was
received and has been installed, and the analyser is now
controllable through the PDP11/23. After a number of
problems were solved, the extended memory feature of che
computer is now fully functional and work is proceeding to
modify the existing programs to operate under the. extended
memory monitor. A report on the first phase of the
software development has been submitted for publication as
a CRNL report.

3.21 Standards for Stack Gas Monitors

R.H. Martin

Calibration of a prototype stack effluent monitor for
CANDU reactors was described in an earlier report
(PR-P-131: 2.26; AECL-7510). Standards of Kr and Xe
have now been prepared for Electronics Branch to calibrate
a production model instrument. The gas transfer vacuum
line from the Environmental Research Branch used for the
earlier measurements has since been dismantled so a new
system had tQ3b,e constructed in the active area. Samples
of Kr and Xe from stocks from commercial suppliers
were measured in the 4ir-y ion chamber, diluted with a known
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quantity of air, and aliquots of the dilutions were trans-
ferred to the 10-L counting chamber of the stack monitor.
Standards of 1.8-h 'tlAr will be produced on site to com-
plete the calibration.

3.22 4iry Counting

R.H. Martin and J.G.V. Taylor with L.V. Smith (Nuclear
Physics Branch)

First tests of this counter (PR-P-135: 3.31;
AECL-7907) revealed that the large integral line well-
detector had not been supplied with the phototube speci-
fied and the detector had to be returned to the manufac-
turer.

3.23 Standards Issued

R.H. Martin

3H and 21tlAm - Biomedical Research Branch

51Cr, 85Kr and 133Xe - Electronics Branch

51tMn and S7Cc - University of Guelph

90Sr - General Chemistry Branch

137Cs - Nuclear Physics Branch

3.24 Miscellaneous Services

(a) R.J. Toone

A high-purity Ge detector cryostat was repumped and
tested for Instrument Development Branch. A custom
designed jig was set up at the diamond bladed bandsaw to
allow 41-mm diameter pyrex tubing to be cut accurately at
an angle of 57.1°. Copper oxide samples were etched and
ground and a 10-mm slice was cut from a 100-mm diameter Si
crystal for Section I. A number of stainless steel to
pyrex joints were made with Type I Araldite for E.I. & P.
Branch. These are being tested for possible applications
in tritium monitoring cells.
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(b) R.H. Martin

Gamma-ray sources were provided as follows: Instru-
ment Development Branch, Co; Nuclear Physics Branch,
56Co(2), 88Y(4) and 13<tCs; Fuel Engineering Branch,

Xe. Eight counter windows were made by laminating 10
layers (c 5 Mg«cm~ each) of VYNS film on thin metal grids
for the neutrino mass experiment.

3.25 Glassblowing Services

J.G. Wesanko and D.A. Doering

A gas transfer vacuum line was built for Section III
to be used in the preparation of gaseous radioactivity
standards for the calibration of Bruce stack monitors.
Pyrex and quartz ampoules for these standards were
prepared. Eight quartz cells in various widths were
constructed for Section I for biological membrane studies.

Six reaction flask filters were constructed and six
headers repaired for 99Mo production in Chemical Opera-
tions Branch. Eight quartz boats with handles for use with
remote manipulators were supplied to Fuel Engineering
Branch for processing irradiated fuel samples. Eight cap-
sules designed for remote evacuation and sealing were made
for Fuel Materials Branch for testing critical stresses in
fuel sheathing.

Ten windows holders were cut and ground to 57.1° from
41-mm diameter pyrex for use in laser photochemistry
research in Physical Chemistry Branch. Six irradiation
cells were also supplied to this Branch.

3.26 Machine Shop Services

A.H. Hewitt and H.C. Spenceley

In Bldg. 459 machine shop installation of the ana-
lyser table for the N5 spectrometer was completed. Two
liquid nitrogen transfer syphons for the beryllium filter
for N5 were made. A counter chamber for the neutrino mass
experiment was constructed. Other work included the
fabrication of five thin-wall vanadium sample cans with
screw caps, two mounts for germanium monochromators, and
mounts for both USn and Ir crystals.
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In Bldg. 116 machine shop the 3He diaphragm pump
was completed and work on the associated plumbing is in
progress. Jigs have been built for leak testing the top
window assembly of production model BIC detectors. A jig
for cutting glass tubing at precise angles was built for
the glassblowing shop.

3.27 Core Excited Proton States at High Spin in iso- iS2 D y

M.A. Lone et al.

See PR-P-136: 2.10; AECL-7982

3.28 Counter Response for the Neutrino Mass Experiment

M.A. Lone et al.

See PR-P-136: 2.14: AECL-7982

3.29 Mechanical Design of Counter and Source Test Assemblies
for the Neutrino Mass Experiment

M.A. Lone et al.

See PR-P-136: 2.15; AECL-7982

3.30 Single Channel Analyser Design for the Neutrino Mass
Experiment

M.A. Lone et al.

See PR-P-136: 2.16; AECL-7982

3.31 Resonance Averaged Channel Radiative Capture Cross Section

M.A. Lone et al.

See PR-P-136: 4.9; AECL-7982

3.32 An Interference Effect in the Channel Radiative Capture
Process

M.A. Lone et al.

See PR-P-136: 4.10; AECL-7982
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3.33 Publications and Lectures

Publications

SINGLE-ION MIXED VALENCY OF DILUTE Ce IN (La,Th) ALLOYS
T.M. Holden, W.J.L. Buyers, P. Mattel, M.B. Maple and
M. Tovar
Valence Instabilities. Eds. P. Wachter and H. Boppart
(1982) 325

RANDOM FIELDS EFFECTS IN A DILUTED ANTIFERROMAGNET:
MnxZn1_xF2

R.A. Cowley and W.J.L. Buyers
J. Phys. C15_ (1982) 1209.

SPIN CORRELATIONS IN 2ni_cMncTe ALLOYS
T.M. Holden, G. Dolling, V.F. Sears, J.K. Furdyna,
and W. Giriat
Phys. Rev. B2J5 (1982) 5074

QUANTITATIVE TEST OF THE LANE-LYNN THEORY OF DIRECT
RADIATIVE CAPTURE OF THERMAL NEUTRONS BY 12C AND 13C
S.F. Mughabghab, M.A. Lone and B.C. Robertson
Phys. Rev. £26 (1982) 2698

MEASURED AND CALCULATED NEUTRON YIELDS FOR 100 MeV
PROTONS ON THICK TARGETS OF Pb AND Li
R.T. Jones, M.A. Lone, A. Okazaki, B.M. Townes,
D.C. Santry, E.D. Earle, J.K.P. Lee, J.M. Robson,
R.B. Moore and V. Raut
Proc. of the Meeting of the International Collaboration
on Advanced Neutron Sources - ICANS VI, Argonne, July 82.

RADIATION FLUXES AND CURRENTS OVER A PLANE CIRCULAR
APERTURE DUE TO DIRECT CONTRIBUTIONS FROM A PLANE,
CIRCULAR SOURCE
S.A. Kushneriuk and M.A. Lone
AECL-7759

NEUTRON SCATTERING FROM ORIENTATIONALLY DISORDERED SOLIDS
B.M. Powell, V.F. Sears and G. Dolling
AIP Conference Proceedings # 89, Ed. J. Faber Jr.
(American Inst. of Phys., New York) p. 221

SPIN CORRELATIONS IN URANIUM NITRIDE NEAR THE ORDERING
TEMPERATURE
T.M. Holden, W.J.L. Buyers and E.C. Svensson
Phys. Rev. B2j6 (1982) 6227
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A HIGH RESOLUTION MEASUREMENT OF THE PHOTOPISSION
SPECTRUM OF Th NEAR THRESHOLD
J.W. Knowles, W.F. Mills, R.N. King, B.O. Pich, S. Yen,
R. Sobie, L. Watt, T.E. Drake, L.S. Cardman and
R.L. Gulbranson
Phys. Lett. 116B (1982) 315

INTENSE DEUTERON PROTON INDUCED (CW) - NEUTRON
SOURCES
M.A. Lone and C.B. Bigham
Chapter VI in Neutron Sources for Applications
and Basic Research. Ed. S. Cierjacks, Pergamon Press
(London, England) 1982.

Lectures

A 4 it BISMUTH GERMANATE (BGO) DETECTOR ARRAY FOR HEAVY ION
PHYSICS AND THE PROMPT RESPONSE OF BGO TO FAST NEUTRONS
0. Hausser, M.A. Lone, T.K. Alexander, J. Gascon and E.
Hagberg
International Workshop on BGO, Princeton University, N.J.
1982 November 9-11.

A COMPACT NEUTRON SOURCE FOR RESEARCH AND INDUSTRIAL
APPLICATIONS
S.O. Schriber, M.A. Lone, B.G. Chidley, M.S. de Jong,
S.A. Kushneriuk and W.N. Selander
7th Conf. on the Applications of Accelerators in Research
and Industry, North Texas University, Denton, Texas, 1982
November 8-10.

PROSPECTS FOR HIGH INTENSITY STEADY STATE THERMAL NEUTRON
SOURCES FROM THE ACCELERATOR BREEDER PROGRAM
M.A. Lone
NEANDC Mini Seminar on Intense Neutron Sources for
Research and Applications, CRNL, 1982 Sept. 29.

CANADA'S ENERGY FUTURE
G. Dolling
Campbellford District High School, Campbellford, Ontario,
1982 October 28.

NUCLEAR ENERGY IN CANADA
G. Dolling
Elgin District High School, Elgin, Ontario, 1982 November
12.
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4.1 Staff

Branch Head

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

: G.E. Lee-

Couture (1)
Harvey

. Khanna

. Kushneriuk

. Lee

. Sears

. Towner

. Winterbon

Visitors

Y.K. Ho (2)
T. Koppel (3)

Secretarial Staff

M.E. Carey

(1) NRC Post-Doctoral Fellow from McGill University;
until 1982 October 04; joined branch 1982 October 05.

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

(3) NRC Post-Doctoral Fellow from University of Tubingen;
joined branch 1982 October 20.
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4.2 Escape Probabilities for Right Circular Cylinders and
Rectangular Parallelepipeds

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

Tables of the probability of escape of radiation
(neutrons, gamma-rays) from right circular cylinders of
length L and diameter 2a and from rectangular parallele-
pipeds of length L, thickness a and breadth b have been
assembled, for use in the evaluation of the response of cyl-
indrical and parallelepiped-shaped Nal(TJl) and Bii,Ge3Oi2
detectors to a parallel beam of neutrons incident on one
face of the detector (PR-P-135: 4.3 (AECL-6788)). The radi-
ation is assumed to be distributed as expf-z^z) along the
detector length, and the angular distribution of the emis-
sion of the -adiation is taken to have the parametric form

-e(l-coseT )
a(9L) = Ce + D,

4irC " 2TnR^-T)Tl^T ' 4irD = 1"4fC'" n =

in which stn is the macroscopic collision cross section
for the incident neutrons in the detector medium and 6L is
the angle the emitted radiation makes with the incident
beam; 0 and R are parameters defining the a(eL)
distribution, R in particular being the ratio of forward to
backward intensity of the emission.

The escape probabilities, PEg(RCC) and
PES(RPP), are characterized by the following set of
parameters:

LI, o = L/2a; 6 = £tn/j:; R» 3 for the RCC,
LZ, % = a/b, a = L/b; 9 = Ztn/Z; R, 3 for the RPP;

Z is the macroscopic collision cross section of the detector
medium to the radiation. L2 expresses the detector length
in terms of the radiation collision mean free path in the
detector medium.

The collision probabilities were evaluated for
selected values of R, 3; e, «, 4 for Lt values varying from
0 to 10 - about 6000 cases for the parallelepiped. The
parameter 6 equals 1 for the escape of elastically scattered
neutrons.
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4.3 Optimum sample thickness for total cross section
measurements

V.F. Sears

The average number of neutron counts observed in a
transmission experiment is given by the familiar expression

C = Co exp(-nad).

The precision with which the cross section a can be deter-
mined is limited, not only by experimental uncertainties in
the number density n and in the sample thickness d, but also
by statistical fluctuations in C and Co. Furthermore, one
can appreciate intuitively that the uncertainty in a due to
counting statistics will be very large if nad is either much
greater or much less than unity. There must therefore be
some value of d for which the uncertainty in a is a minimum.

This is a simple problem in the statistical theory
of error propagation. We find that the uncertainty in a due
to counting statistics is a minimum when nod = 2.2177* ••,
i.e. when the transmission exp(-nad) = 11%. The error is
within 10% of its minimum value if the transmission is in
the range 4 to 23%. If the transmission is 50% the error is
almost a factor of 2 larger than its minimum value and if
the transmission is 90% the error is a factor of 10 larger
than its minimum value.

4.4 Bound thermal neutron cross sections of the elements

V.F. Sears

In the application of thermal neutron scattering to
the study of the structure and dynamics of condensed matter
a knowledge of the bound coherent and incoherent thermal
neutron scattering cross sections of the elements is
required. We have calculated an up-to-date table of these
quantities using data from two different sources: (1) the
free-atom cross sections listed in the most recent editions
of the "barn book" (BNL-325) and (2) the directly measured
bound scattering lengths of the elements and their isotopes
that have been collected in a data bank at JCIlich. For
about 25% of the elements there are significant discrepan-
cies (i.e. discrepancies greater than twice the standard
error) between the values determined from the two sets of
data.

These results will be published in an AECL report
in which we also call attention to, and clarify, the confu-
sion that exists in the literature concerning the sign of
the imaginary part of the complex scattering length.
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4.5 Penetration of Heavy Ions in Solids

K.B. Winterbon

For most projectile-target combinations, data are
obtained from the book Ion Implantation Range and Energy
Deposition Distributions, vol. 2 (K.B. Winterbon; Plenum,
NY, 1975) by interpolation in several variables. A computer
program has been written to do this interpolation, using the
data from which the tables in the book were interpolated.

An apparently new method of solving a Boltzmann
equation has been devised and, in a preliminary test, found
to work well. The test was the energy distribution, as a
function of distance travelled, of particles slowing down
under power law scattering from stationary target atoms. At
each step, we begin with energy moments of the particle dis-
tribution. From these moments an extremal distribution -
i.e. a distribution consisting of a minimal set of delta
functions consistent with the moments - is constructed. One
of these delta functions is constrained to be at zero
energy; this represents the particles stopped at that depth.
This delta function is dropped from the distribution, there-
by decreasing the zeroth moment. The moments then evolve
for the next step, following differential equations which
are easily derived. This method could be considered as a
multigroup method in which the energy groups are varied from
point to point in a natural way.

4.6 The Nucleon-Nucleon Interaction in the Quark Model

M. Harvey with J. LeTourneux (U. of Montreal)

The computer program (PR-P-134:4.6 (AECL-7778)) has
been extended to nucleon-nucleon scattering above the delta-
production threshold. Cross sections for both the elastic
and reaction channels (NA and AA) have been computed assum-
ing a central interaction only between quarks. The delta
production cross section just above threshold is about a
factor of five smaller than experiment (Shimizu et al.,
Nucl. Phys. A389(1982)445) indicating, we believe, that a
tensor force should be included in the interaction between
quarks.

At centre-of-mass energies near 1.6 GeV in the NN-
channel our program shows resonant-like behaviour, in both
the elastic and the reaction cross-sections, due to the hid-
den color channels. Although this behaviour is intriguing
- if real it would be the first indication of hidden-color
matter - it cannot be accepted as a prediction of the model
until relativistic effects have been analyzed.
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4.7 Shell-model Calculation of High-spin States in Dy Isotopes

I.S. Towner with D. Horn (Nuclear Physics Branch)

High-spin states in Dy isotopes (A=148 to 152) show
a remarkably similar pattern across the five isotopes (PR-
P-136: 2.10 (AECL-7982)). The pattern is revealed by iden-
tifying a maximally spin-aligned isomer and then referencing
particle-hole states to this isomer. For example in 148Dy,
the isomer is the 10+ state of proton configuration
1tnll/22* T n e s e r* e s °f particle-hole states couple
(nhx/2 *d5/2"*) o r (1inll/2 *97/2~*) excitations to
this isomer to produce a spin sequence 11" to 17". In the
remaining four isotopes neutrons are added in a maximally
aligned state. Thus in ll*9Dy the isomer is
vf 7/2^ ̂ "11/2^ °^ sPi-n 27/2" and the particle-hole
states are 29/2+ to 41/2+. In 150Dy the isomer is

2 o f sP i n 1 8 + a n d t n e particle-hole
151excitations have spin 19" to 25". In 151Dy the isomer is

(\>r7/2l
19/2ii3/2)(irhll/2) 2 o f s P i n 4 9 / 2 + and the par-

ticle-hole excitations have spin 51/2" to 63/2" while in
152Dy the isomer is ( vf 7/22n9/2i13/2^ 1Tnll/2^ 2 o £

spin 27" and excitations of spin 28+ to 34+.

Shell model calculations for these states based
on a lit6Gd closed-shell core have been performed. Proton
configurations of irhn/2 ' ̂ 5/2" nll/2 a n d

n97/2~lnll/23 a n d neutron configurations
v(f7/2ni hg/2n2 il3/2n3) with ni:<2, n2£l, n3O.
and n1+n2+n3 = N-82 where N is the neutron number of the Dy
isotope are considered. The resulting Hamiltonian matrix to
be diagonalised is of dimension 150 or less.

The effective interaction was taken from Schiffer
and True (Rev. Mod. Phys. 4^(1976)191) with minor adjust-
ments to fit the closed shell (146Gd), the closed-shell-
plus-one (L1*7Gd, ll47Tb) and closed-shell-plus-two (llt8Gd,
llt8Tb, i48Dy) spectra. The resulting shell-model calcula-
tions reproduce the observed patterns in the Dy isotopes to
surprising accuracy, and have helped in the configuration
assignment of a number of states.
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4.8 Core Excited Proton States at High Spin in 1 5 0~ 1 5 2p y

D. Horn, 0. Hausser and H.R. Andrews, I.S. Towner, M.A. Lone
and P. Taras

See PR-P-136:2.10(AECL-7982).

4.9 Resonance Averaged Channel Radiative Capture Cross Section

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

The previously reported studies (PR-P-134:4.10
(AECL-7778) have been extended to include a derivation of an
expression for entrance-channel wave function in the region
near the nuclear surface. With this formalism the averaged
channel neutron radiative capture cross sections in 55Mn and
98Mo, in the resonance region, have been investigated. A
comparison of these results with the experimental data in
Mo shows reasonable agreement.

4.10 An Interference Effect in the Channel Radiative Capture
Process

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

We have investigated the thermal neutron radiative
capture reaction in C. This study shows that the small
capture cross sections in C and neighbouring isotopes are
due to an interference effect between the potential scatter-
ing wave and the resonance scattering wave near the nuclear
surface, resulting in a drastic cancellation in the radial
integral. We have examined the behaviour of the scattering
wave function and also discussed a general condition for the
occurrence of such cancellation. An expression for calcula-
ting the channel radiative capture cross section has been
derived, which has the same structure as the Lane-Lynn for-
mula (Nucl. Phys. 17(1960)563) but is expressed in terms of
different parameters. In addition, this investigation shows
that if the optical model well depth is adjusted so that the
binding energy of the Pw2 orl:)it *n 12C is kept at the
experimental value, then the calculated results for the
potential and channel radiative capture cross sections are
insensitive to the value of the nuclear radius.
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4.11 Regularization of a Class of Divergent Feynman Integrals

H.C Lee with M. Milgrara (Applied Mathematics Branch)

Significant progress has been made in this study
(PR-P-135:4.10 (AECL-7907)). The regularization method we
now use is a hybrid of dimensional regularization and analy-
tic regularization. Because the method provides a complete
understanding of the analytic properties of the integral as
a function of all its variables, integrals arising from
gauge theories in different gauges, and having very differ-
ent analytic properties, are now understood to be special
cases of a single class of integrals; previously they had to
be treated separately by different methods. Our class
covers integrals in covariant, axial and light-cone gauges.
To our knowledge a satisfactory method for regularizing
light-cone gauge integrals has not been found previously.
Among other things, we are now able to prove that regular-
ized Feynman integrals do not contain logarithmic infinite
parts (which are not renormalizable). We have also esta-
blished a connection between the total order of exponent
differentiation of Feynman integrals in non-perturbative
quantum field theories and the number of loops in the loop
expansion in perturbative theories.

4.12 Lattice Gauge Theories

H.C. Lee, Thomas Koppel and Michel Couture

We have started a program to study lattice gauge
theories. To this effect a mini-workshop on the topic was
held in mid December at McGill University with collaborators
from Laval and McGill Universities and CRNL taking part. In
the last two years great progress has been made in this
field and now the lattice method coupled with Monte Carlo
techniques is viewed as the most promising method for study-
ing the fundamental properties of quantum chromodynamics.
The distinct features of lattice gauge theories are:

(i) space-time is discretised into a lattice;
(ii) gauge invariance is easily retained;
(iii) Feynman's path integral method, which is nonperturba-

tive, is used to describe physical events on a statis-
tical basis.

So far we have been familiarizing ourselves with the field
with the hope of soon being able to focus our efforts on
specific topics.
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4.13 Electromagnetic and Weak Interactions in the Nucleus

H.C. Lee with Quang Ho-Kim (Laval University)

The writing of a book with the above title for
Oxford University Press has commenced. The plan is to cover
a complete range of topics on the subject, from the
classical (radiation fields, 3-decays, etc.) to the modern
(quark and leptons, unified fields, etc.).

4.14 Modification of SUPERFISH

M. Couture and G.E. Lee-Whiting

The difference equations for metallic boundary
points which gave frequency errors proportional to the first
power of the mesh size (PR-P-135:4.11 (AECL-7907)) have been
replaced by equations based on a Taylor expansion and making
use of four neighbouring mesh points (not all necessarily
nearest neighbours). The frequency errors were much reduced
by the change, but are now so irregular that it is not pos-
sible to say that they depend on a particular power of the
mesh size. The reasons for the irregularity are not under-
stood; they might be related to the method of generating the
mesh or of choosing of the four mesh points. The frequency
errors are now considered to be adequately small.

A subroutine for evaluating the total energy at
resonance has been written. Work on a routine for refining
the resonant frequency is in progress.

4.15 Spectrometer Modifications for Neutrino-Mass Experiment

G.E. Lee-Whiting

Preliminary calculations (PR-P-133:4.14 (AECL-
7683)) were based on the assumptions that the extra poten-
tial energy resulting from source electrification was con-
verted to kinetic energy immediately in front of the source.
More exact calculations require a new formulation of the
trajectory equations (PR-P-134:4.16 (AECL-7778)) and a
method of estimating the electrostatic field near the
source. A number of related problems in electrostatics have
been investigated. The solutions for two of them appear to
be both simple enough for use in the trajectory integrations
and close enough to reality that they might adequately
represent a practicable source configuration.
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4.16 Reports, Publications, and Lectures

Publications

NEUTRON DIFFRACTION STUDIES OF DILUTED MAGNETIC
SEMICONDUCTORS (invited)
G. Dolling, T.M. Holden, V.F. Sears, J.K. Furdyna and
W. Giriat
J. Appl. Phys. 53(1982)7644

SPIN CORRELATIONS IN Zn!_cMncTe ALLOYS
T.M. Holden, G. Dolling, V.F. Sears, J.K. Furdyna, and
W. Giriat
Phys. Rev. B 26(1982)5074

THE QCD LEADING BEHAVIOUR OF THE POLARIZED PHOTON STRUCTURE
FUNCTIONS AND A POSSIBLE EXPERIMENTAL TEST
H.C. Lee, Li Bing-An, Shen Qi-Xing and Zhang Mei-Man
Nucl. Phys. B207(1982)301

GAMOW-TELLER TRANSITION MATRIX ELEMENTS
F.C. Khanna and I.S. Towner
Contribution to workshop on interaction between medium
energy nucleons in nuclei, Indiana University Cyclotron
Facility, Bloomington, Indiana, 1982 October 28-30

ISOVECTOR Ml TRANSITION MATRIX ELEMENTS
I.S. Towner and F.C. Khanna
Contribution to workshop on interaction between medium
energy nucleons in nuclei, Indiana University Cyclotron
Facility, Bloomington, Indiana, 1982 October 28-30

Lectures

THE NUCLEON-NUCLEON INTERACTION IN THE QUARK MODEL
M. Harvey
Invited paper, APS-Nuclear Physics Division Regional
Meeting, Amherst, 1982 October 14-16

QUARK ASPECTS TO THE NUCLEON-NUCLEON INTERACTION
M. Harvey
Invited talk, Workshop on Quarks in Nuclei, Stony Brook,
1982 December 16-18

MAGNETIC MOMENTS: ROLE OF CORE POLARISATION, ISOBARS AND
MESON-EXCHANGE CURRENTS
I.S. Towner
Invited talk, Bates Users Theory Group Workshop, George
Washington University, 1982 December 10-11

GAMOW-TELLER TRANSITION MATRIX ELEMENTS
F.C. Khanna
Talk given at the Indiana University Cyclotron Facility,
1982 October 27
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MATHEMATICS AND COMPUTATION BRANCH

D. McPherson

5.1 Staff

5.2 CDC 6600/CYBER 170/175 System

5.3 CYBER 110/120 System

5.4 Drag Formula for Vapour Bubbles in SLOWPOKE-III
Boiling

5.5 Stress Analysis Programs

5.6 Information Handling Programs

5.7 Conversion of the SOPHT-G2 Program

5.8 TOSCA

5.9 ANISN Calculations of Energy Deposition in an
NRX Loop

5.10 The Heat Transfer and Fluid Flow Service Programs

5.11 PARET: A Program for the Analysis of Reactor
Transients

5.12 Escape Probabilities for Right Circular Cylinders
and Rectangular Parallelepiped

5.13 TRIRSLT

5.14 Operations

5.15 Publications and Lectures
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Branch Head: D. McPherson

Section I: Systems

Head:
D. McPherson

Progranuner/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:
S- Alleway
B. Bertrand (1)
K.J. Brown
C M . Hepburn
K.A. Livingston
J. Mackie
S. Maggs (2)
S. Parr (3)
S. Shannon
P. Smith
M.T. Walker
N.E. Zinck

Services and Applications

Head:
J.M. Blair

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

Programmer/Analysts:
D.B. Duncan (4)
C.A. Wills (5)
P.Y. Wong

Programmers:
D. Cheung (6)
K.D. Clark (7)
G.L. Klawitter
M.T. Miller
V. Ruddock
L.S. Yamazaki (8)

Section IV: Special Systems

Head:
G.N. Williams

Programmer/Analysts:
M. Shaarani

Programmers:
K.A. Borg (9)
E.G. Long
R. Roiha

Secretarial Staff

G.J. Bateman
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(1) Reclassified from regular part-time to continuing
employment; transferred from Financial Information
Services Branch on 1982 November 1.

(2) Reclassified from temporary to continuing employment;
transferred from Nuclear Materials Control Branch
on 1982 December 16.

(3) Transferred to Design and Technical Services Branch
1982 October 12.

(4) New employee, joined Branch 1982 October 18.

(5) On maternity leave 1982 July to 1983 January.

(6) Transferred to Reactor Control Branch effective
1982 December 6.

(7) Transferred from AECL-EC, Mississauga, 1982 October 29.

(8) Regular part-time employee.

(9) Waterloo University Co-op student, terminated
1982 December 23.
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5.2 CDC 6600/CYBER 170/175 System

5.2.1 Subroutine Libraries

5.2.1.1 Preparation of AELIB5

J.M. Blair, K.D. Clark, L.E. Evans (Office of
Director of Research), G.L. Klawitter, E.A. Okazaki
and L.S. Yamazaki

A version of AELIB for use with FORTRAN Extended
Version 5 (FTN5) programs on the 6600/175 system has been
prepared for release in January 1983. This library, known
as AELIB5, will be searched automatically by programs
compiled by FTN5. A number of source code changes to both
the library routines and the testing programs were necessary
to obtain FTN5-compatible code. Minimal tests have had to
be constructed for TRIEQN, MAXOMIN and ALAGIN. The LIBSTAT
code, which compiles usage statistics for all primary modules
in AELIB, is not compatible with FTN5, and is not included
in AELIB5. The source code for AELIB and AELIB5 is main-
tained on a common UPDATE program library, and the *DEFINE
directive is used to select the appropriate version.

5.2.1.2 IMSL

G.L. Klawitter

Versions of Edition 9 of the International
Mathematical and Statistical Library (IMSL) for both FORTRAN
version 4 and version 5 have been tested and prepared for
system installation. Updated documentation has been sent to
manual holders.

5.2.2 Graphics

5.2.2.1 Transfer of CRNL Plot Files to Whiteshell

G.N. Williams and M.T. Miller

A program, PLWHITE, has been written to convert a
plot file in AELIB PLOT format to an equivalent file which
can be transferred to WNRE in print-file format via the
COMTERM RJE terminal. The file is then copied to tape and
plotted on the DECSYSTEM-10. A CCL procedure using this
program has been developed, and instructions for its use
prepared.
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5.2.2.2 PLTONPF

G.N. Williams and M.T. Miller

The CCL procedure PLTONPF, which converts an AELIB
PLOT file into a CDC UNIPLOT neutral plot file format for
transmission to the Sheridan Park CYBER 170/720, has been
rewritten with changes made to the default name given to the
neutral plot file.

5.2.2.3 PLOTLIB

M.T. Miller

A system to simplify the transfer of programs which
use the AELIB routine PLOT to other computer systems is
being set up. Calls to PLOT are slightly modified to call a
set of routines which in turn issue calls to the almost-
standard CALCOMP routines. This work is an extension and
generalization of work begun by D.G. Stewart. A guide to
program conversion and the use of PLOTLIB is also being
prepared.

5.3 CYBER 170/720 System

5.3.1 Operating System

Mathematics and Computation Branch Staff, with
J. Newman and G. Gignac (Sheridan Park) and
W.J. Irving and D. McLaren (Control Data Canada)

A new release of CDC's Network Operating System (NOS)
has been installed for use in developing the local modifi-
cations and enhancements required for the CRNL and Sheridan
Park 720's. (This work is being done using time on the
CDC 6600 when it can be spared from regular operation so as
not to interfere with normal production on the 720*s.)
Installation included testing of a new version of the TIELINE
facility which is used for communication between the 720's. A
number of deficiencies or errors in this recently released
system have been identified and reported to CDC.

5.3.2 Programming Languages and Utilities

5.3.2.1 FPRINT

C.J. Tanner

FPRINT, a program to display files at a user's
terminal, was modified. The default terminal type was
changed from VUCOM to Lanpar XT100, and support for both
high-speed and slow-speed hard copy terminals (such as
Decwriter-2 and -3) was improved. New commands were added
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to allow the user to return the file being processed at
termination, and to re-enter the dialogue for the setting of
initial parameters. Other changes were made to fix errors
and to improve the efficiency of operation.

5.3.2.2 BPROC Procedures

K.A. Borg, E.G. Long, R. Roiha, M. Shaarani,
G.N. Williams

Version 1.0 of the BPROC procedure package (see
PR-P-135, 5.3.3.1; AECL-7907) was released to CRNL users
after a period of field testing.

The BPROC procedures are a set of CYBER Control
Language procedures and interactive FORTRAN programs designed
to assist those using the CRNL CYBER 720 front-end computer
for program development and job submission to the CDC 6600
and CYBER 175 batch machines.

The format of the BPROC package was based on
similar packages developed by R.D. Fournier at AECL Engineering
Company, and B. Chidley, E. Heighway and G. McMichael of
Accelerator Physics Branch.

There are now more than 80 users of the BPROC
package.

5.3.3 Communications

B.B. Ostrom and J.F. Steljes with O.K. Baek
(Control Data Canada)

The remote node software, which provides for
communication between host computer and a network processing
unit (the interface to telephone lines) via a high-speed
telephone "trunk" rather than a computer input/output channel,
was earlier tested at CRNL using one of CRNL's three network
processing units (NPU's). Testing and evaluation of the
software, using an actual long-distance telephone link to an
NPU at Sheridan Park has begun. Some timing and error
recovery problems have been observed and solutions are being
sought with the assistance of Control Data Canada.

5.4 Drag Formula for Vapour Bubbles in SLOWPOKE-III Boiling

W.N. Selander

A study has been made of the interphase drag force
for particles and bubbles in unsteady flow in a liquid. The
complete range of Reynolds numbers is considered. Recent
results from- the literature suggest that for the conditions
expected in SLOWPOKE-III, the viscous component of the force
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on a vapour bubble will, to a reasonable approximation, be
linear in the relative velocity. Within the same approxi-
mation the viscous drag is quasi-steady, that is, dependent
only on the instantaneous velocity, and not on the flow
history, so that terms containing time integrals of higher
derivatives of the velocity may be neglected.

5.5 Stress Analysis Programs

5.5.1 MARC Course

S.B. Baset

A three-day MARC Introductory Course was held at
CRNL 1982 October 4-6. The course was attended by 18
participants from CRNL, WNRE, EC and CP sites of AECL. The
lecture/workshop format of the course included topics in
elastic, plastic, heat transfer, thermal stress, creep,
geometric nonlinearities analysis, shell and gap elements.

5.5.2 MARC Program

S.B. Baset

Three errors were discovered in the MARC program.
These errors affected the performance of Fourier elements
(types 62, 63, 73, 74) and tying type 25. All errors have
been fixed, in cooperation with MARC Analysis Research
Corporation of Palo Alto, California.

5.5.3 MARC Applications

S.B. Baset

More deformation analyses have been completed as
requested by R. Metcalfe of Mechanical Equipment Development
Branch, for Hayward-Taylor seals.

The heat transfer capability in MARC was also
utilized to determine temperature distribution in three
dimensions around a crack in Bruce 2-X14 pressure tubes.
This analysis was requested by V. Mason of Special Projects
Branch.

5.5.4 TPIPE Program

S.B. Baset and D. Cheung

Two errors were reported to and fixed by PMB
Systems Engineering Incorporated. The errors affected the
evaluation of Equation 12 of Class 1, ASME code verification
and the scaling of forced displacements. The errors happened
only under a rare combination of several conditions.
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5.5.5 TPIPE System Bulletin

S.B. Baset and D. Cheung

A °ystem bulletin called TPIPE was created to list
the latest updates, reported errors, recommended hints and
software status of the TPIPE program.

5.5.6 STARDYNE

D. Cheung

A CCL procedure library called STARAUTOPROC was
set up to facilitate the installation and testing of
STARDYNE system updates. The library contains seven CCL
procedures to perform several steps of the installation job.

5.5.7 PRESTAR

S. Baset

Preparation for the release of the PRESTAR program
for public use is underway. PRESTAR is an interactive
program which runs on the CYBER 720 computers at CRNL and EC
sites. It is intended to help STARDYNE users in preparing
STARDYNE data decks using a free format and in an order-
independent way, thus greatly simplifying the input step.
The release is planned for the early part of February 1983.

5.6 Information Handling Programs

5.6.1 Scientific Information Retrieval (SIR)

C.J. Tanner

SIR Version 2,1.1 was received and installed on
both the 6600/CYBER 175 and the CRNL CYBER 720. This version
corrects some errors that were encountered in the previous
version and adds some new features. The two most useful of
the new procedures are a simplified method of producing a
report, and a table procedure which produces statistical
cross-tabulations and breakdowns.

A SIR/DBMS Introductory Course will be given at
CRNL in February 1983.

5.6.2 Personnel Radiation Recording System

E.G. Long

Conversion from COBOL 4 to COBOL 5 of the programs
associated with this system is in progress. The conversion is
being undertaken at the present time because of new requirements
not readily satisfied by the COBOL 4 system.
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5.6.3 Oil/Electric Hybrid Heating Experiment
Data Storage and Processing

M.T. Miller

Reports covering all of the data collected in the
1981-82 heating season were prepared for R.K. Elliott,
Design and Technical Services Branch.

5.6.4 Upgrade

M.T. Miller

A computer program, which generates customer
invoices for the CRNL heavy water upgrading facility, written
by K.D. Clark, has been modified. Some changes were made to
accommodate additional input data and to re-define some of
the printout. The user can now selectively discard isotopes
of less than 0.5, 1.0, 1.5 or 2.0 weight per cent. Documen-
tation is being modified to reflect the changes.

5.6.5 Gamma Activity of Liquids

M.T. Miller and C.J. Tanner

A FORTRAN 5 program, GAMACTY, has been developed
to set up retrievals from a file system containing data on
gamma activity of liquids. The program is executed inter-
actively on the CYBER 720, prompts for input, reformats the
data provided and creates a QUERY UPDATE job to be executed
on the 6600/175.

Three QUERY UPDATE programs have been set up to
report on flow rate and gamma activity from information in
the tritium file. This program and the reports were
requested by Ed Cooper, Environment Research Branch.

5.7 Conversion of the SOPHT-G2 Program

P.Y. Wong

A large part of the work to convert the 4-quadrant
(4Q) version to run on extended core storage (ECS) has been
completed (PR-P-135, 5.8; AECL-7907), and preliminary tests
run. Testing of the 4Q version will resume when test case
output is provided by AECL-EC users.
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5.8 TOSCA

G.H. Keech

A study has been made of the manuals and the
twenty files in the 3-D electrostatics and magnetostatics
code TOSCA package.

Considerable progress was made on converting the
analysis code to run on the CDC system. However, an
incorrect data file was provided for the one benchmark
included. An attempt to create a correct input data file
ran into too many snags, despite considerable assistance
from E. Heighway, Accelerator Physics Branch.

A new tape has been received from the Rutherford
Laboratory, and testing is set to resume on the test case
provided.

5.9 ANISN Calculations of Energy Deposition in an NRX Loop

P.Y. Wong, with D.R. McCracken (Fuel Engineering Branch)

A fuel channel experiment in an NRX loop is being
planned to explore the minimum hydrogen level that will
suppress radiolytic oxygen production. To guide the design
of the experiment, ANISN calculations were made to determine
the neutron and gamma energy deposition rates in the
coolant. Early calculations, using the AECL-EC version of
ANISN, and prepared by EC staff, ran into convergence
problems. We were able to solve the problem using the CRNL
version, and the code is now being used by Fuel Engineering
Branch to aid the planning of the experiment.

5.10 The Heat Transfer and Fluid Flow Service Programs

P.Y. Wong, with W. Inch (Commercial Operations)

Commercial Operations will soon offer UKAEA's heat
transfer and fluid flow service (HTFS) to North American
customers. The HTFS system contains 18 magnetic tapes;
14 of these are now at CRNL and are being implemented into
the CRNL computer system. Each tape contains a large
program of about 10,000 cards and test data. Preliminary
testing showed that none of these programs can be directly
executed without modifications. To facilitate changes,
UPDATE program libraries are being created. Modifications
for three of these programs to run under FTN5 have been
made, but test results so far show that only one program can
execute to completion while the other two terminate on
execution mode errors.
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5.11 PARET; A Program for the Analysis of Reactor Transients

P.Y. Wong, with D.W. McQuade (Reactor Technology Branch)

The PARET program (USAEC report IDO-17282, Idaho
Operation Office, 1969 January) predicts the course and
consequences of nondestructive reactivity accidents in small
reactor cores. This code has recently been obtained by
Reactor Technology Branch and is now being-converted to run
on our CDC system. The code package, which was written for
an IBM computer includes a 32-bit IBM binary property file
which has been successfully converted for CDC computers.
An UPDATE program library has been created but initial
compilations under both PTN4 and FTN5 showed numerous
FORTRAN errors. The FTN5 compilation errors have now been
corrected and conversion work on the IBM features in the
code is underway.

5.12 Escape Probabilities for Right Circular Cylinders and
Rectangular Parallelepiped '

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

See PR-P-136, 4.2; AECL-7982.

5.13 TRIRSLT

M.T. Miller and C.J. Tanner

A COBOL 5 program, which calculates the release
from the process sewer and sanitary sewer, was written for
Ed Cooper, Environmental Research Branch. This program
gives a report containing the tritium results for the month
requested.

5.14 Operations

5.14.1 Dayfile Analysis

V. Ruddock

The NOS/BE dayfile analysis system, which consists
of about seven FORTRAN 4 programs is currently being rewritten
in FORTRAN 5. Several smaller programs will be merged to
form one larger program. New functions are being added to the
system, and out-dated ones are being removed. These programs
will also be independent of each other - if one fails, the
others are not affected.
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5.14.2 Computer Use by Division

processed during the quarter:

Corporate Head Office
Radiochemical Company
Chemical Company
Engineering Company
WNRE
CRNL:
Computing Centre
Contracts
Information Services
Health Sciences
Chemistry & Materials
Physics
Electronics, Instrumentation

& Control
Advanced Projects

& Reactor Physics
Fuels & Materials
Administration
Finance
Operations
Maintenance &

Cons true tion
General Services
Plant Design
Special Projects
Environmental Authority
Commercial Operations
Others

table is
cteirz

Number <

1989
475

1350
25667
3595

26477
1039
434

3715
3749
6912

-ion
518

20633
12258
1090
2246
4355

43
75

848
3380
120
91
88

121147

an analysis

af Jobs

(1.64%)
(0.39%)
(1.11%)

(21.19%)
(2.97%)

(21.86%)
(0.86%)
(0.36%)
(3.07%)
(3.09%)
(5.71%)

(0.43%)

(17.03%)
(10.12%)
(0.90%)
(1.85%)
(3.59%)

(0.04%)
(0.06%)
(0.70%)
(2.79%)
(0.10%)
(0.08%)
(0.07%)

of the jobs

Utilization
System

48439
3184

28119
743432
179921

378354
37450
10933
65019

234857
174534

23174

634508
222352
10978
49455

125371

49
3374

11820
273612

452
802

1825

3262016

Seconds

(1
(0
(0

(22
(5

(11
(1
(0
(1
(7
(5

(0.

(19.
(6.
(0.
(1.
(3.

(0.
(0.
(0.
(8.
(0.
(0.
(0.

.48%)

.10%)

.86%)

.79%)

.52%)

.60%)

.15%)

.34%)

.99%)

.20%)

.35%)

.71%)

.45%)
,82%)
.34%)
,52%)
,84%)

00%)
10%)
36%)
39%)
01%)
02%)
05%)
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5.15 Publications and Lectures

COMPUTING CENTRE NEWSLETTER, Vol. 9, Nos. 10, 11 and 12
E.A. Okazaki, Editor

USER SERVICE GROUP ORGANIZATION AT CRNL
C.J. Tanner
VIM-37 Conference
Seattle, Washington
1982 October 17-21
To be published in VIM-37 Conference Proceedings.

INTRODUCTION TO MARC GENERAL PURPOSE FINITE ELEMENT PROGRAM
S.B. Baset
CRNL
1982 October 4-6

BRPOC - A PACKAGE OF CYBER CONTROL LANGUAGE PROCEDURES
G.N. '..'illiams
CRNL
1982 December 16
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ACCELERATOR PHYSICS BRANCH

by

J. ii. 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 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

C.B.
J.C.

K.C.D.
B.G.
M.S.
L.W.
E.A.
J.D.

C m R« J •
J.A.
R.M.

J.-P.
J.

G.E.
H.R.
S.O.
M.R.
J.

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

Mechanical Laboratory

J.E.
R.J.
R.J.
R.J.
D.W.
J.F.

Anderchek
Bakewell
Kelly
Klatt
Warren
Weaver

Attached Staff

J.H. Orrarod

Technical Staff

R.T.F. Bird
L.F. Birney
R.J. Burton
H.F. Campbell
D.W. Clements
M.A. Derewianko
K.A. Dobbs
K.J. Hohban (
J.C. Jones
S.H. Kidner
J.E. McGreqor
W.L. Michei
R.E. Milks
J.F. Mouris
J.G. Plato
R.A. Vokes
A.E. Weeden

Laboratory Services

K.T. McKee

Waterloo Student

K.M. Parks (5)

Secretarial Staff

(4)

L.D. Hansborough (3) M.A. Trecartin

(1) Attached half time from the Office of the Director of
Research.

(2) Posted to Lawrence Berkeley Laboratory, Berkeley, CA,
1982 April 01.

(3) Attached Staff from Los Alamos National Laboratory,
departed 1982 November 05.

(4) Resigned 1982 October 29.
(5) Resigned 1982 December 23.
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6.2 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 RPQ structure that
will provide information for the design of 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

The beam stop in the emittance measuring unit on the
Ion Source Test Stand (ISTS) was damaged by beam induced
erosion that removed approximately 0.5 mm from the cooling
tubes and slit. Most of the damage appears to have occurred
during recent high current density operation to verify beamlet
stacking. A spare dump has been installed and molybdenum faced
slits are used to reduce sputtering.

A compact n=l/2, 60° bending magnet for the Injector
Test Experiment (ITE) is being designed to replace the existing
60° magnet. The new magnet will improve the ion optics of the
transport line. Computations of the required pole-face profile
are complete and detailed mechanical design has started.

A solenoid magnet is being installed on ITS between
the ion source and the bending magnet to permit studies of the
effect of solenoidal magnetic fields on transport of a space-
charge neutralized beam.

6.2.1.1.2 High Current Ion Source

Off-setting the axis of the ring-cusp plasma gener-
ator so that the axis intersected the web joining the three
apertures, rather than the centre of an aperture, confirmed
that this plasma generator has a good mass fraction except for
the il2+ peak on axis. Concepts for coping with this effect
are being developed and tested.
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An experimental study of beamlet steering and
emittance as a function of aperture spacing was interrupted
when the emittance unit beam stop failed. Some inconsistencies
observed were likely caused by the damage to the slit, and to
the accel-electrode in the column. Measurements have been
resumed and the last few measurements before the beam stop
failed are being repeated to resolve these inconsistencies.

6.2.1.1.3 Beam Transport Studies

Extraction voltage (as a function of current) for
minimum beam loss was determined using calorimetric measure-
ments on the straight-through beam stop on ITE. Optimum
voltages were 1 to 2 kV higher than those determined previously
using electrical current measurements. Calorirnetric measure-
ments now account for more than 90% of the extracted power
(power supply VxD and provide a more reliable indication of
beam transport than electrical measurements.

6.2.1.1.4 Injector Design and Development

Detailed design of the RFQ1 injector continues.
Final design of the main vacuum tank, the beam dump and cooling
liners as well as a stress analysis of the vacuum tank are in
progress. A plunging beam dump to be used on the line between
the injector and the RF2 has been fabricated and will be tested
on IT.C.

6.2.1.1.5 Injector Control and Diagnostics

A multi-channel fibre-optic telemetry link with the
"stand-alone" master and a slave is being commissioned.

A quad intelligent assignable knob system is being
designed. Each of the four knobs can control a parameter
chosen from a menu on the main controller display with the
parameter name, measured value and units displayed above the
knob. This stand-alone unit, with a local processor, communi-
cates with the main control computer via two serial links.

A prototype floppy disk controller board and a paper
tape reader have been developed for the Ion Source Development
computer. A CP/W BIOS (Basic I/O system) is being developed.
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A CP/M-86 operating system and the 3086 FORTH
language with the 8087 hardware floating point option is now
fully operational on the beam-light diagnostics 3086 micro-
computer system. Modifications to the firmware in the CP/M-36
bootstrap ROM were necessary to change the track stepping rate.
Mo difficulties were encountered implementing 0086 FORTH.

6.2.1.2 Code Development

6.2.1.2.1 Linac Design Codes

B.G. Chidley, L.W. Funk

POTRFQ is being used to investigate RFQ pole tip
shapes to reduce field enhancement factors. Modifications have
been made to make this program more convenient to use.

PARMTEQ has been modified to accept additional terms
of the multipole expansion as provided by POTRFQ. The program
will also treat longitudinal field variation as introduced by
the "double-dipole" or "split-coaxial" RFQ designs.

A more recent version of the code MOTION has been
obtained from KfK and has been translated for use on the CRUL
computers.

A new output subroutine, OUT13, has been installed in
OUTPROC for producing teletype plots of lost particle
histories. Coding has also been added to indicate in which
plane particle loss occurred. These modifications should be
helpful in tracking down mechanisms of particle loss.

6.2.1.2.2 RFQ3D

R.M. Ilutcheon

Continued code development for a distributed circuit
model of an RFQ structure has resulted in:

(1) determination of the quantitative accuracy of its pre-
dictions

(2) understanding and improving estimates of the equivalent
circuit values
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(3) generating the program to incorporate realistic straps

(4) improved modelling and understanding of the end tuner
regions through comparison with measured data.

Model predictions were compared with measured proper-
ties of the Japanese cold model II (T. Nakanishi et al.,
Measurement of the RF Field on RFQ Linac Model Cavities,
IiIS-tJUMA-30, 1982), a 0.96 metre long, 293 MHz modulated vane
RFQ. Equivalent circuit values are calculated using physical
dimensions of the device to be modelled. The vane-to-vane
capacitance is then adjusted to match the cutoff frequency
given by SUPERFISii. Usually adjustments are less than 5%.

Measured and calculated mode spacing between the n=l
and n=0 modes were in good agreement - 33 MHz and 32 MHz
respectively.

Equivalent circuit values for the end region
inductances were difficult to determine with any degree of
accuracy; conversely, capacitances were easy to determine
because the wavelength is long relative to the gaps. The n=0
dipole to quadrupole frequency difference is very dependent on
the magnitude of the end inductance, so a measured 3 MHz
difference was used to determine a scaling factor for the end
inductance formula. This represents the largest uncertainty in
the application of the model. The dipole-quadrupole frequency
difference calculated by SUPERFISH is -10.8 MHz.

The Japanese report shows a case where a single vane
was moved transversely (at right angles to a radius vector) to
reduce one gap by 0.18 mm, and the resulting quadrant field
imbalances were measured (Fig. 6.2.1 (a)). These imbalances
were then corrected (Fig. 6.2.1 (b)) by inserting one set of
end tuners to appropriate distances (i.e., changing only two
individual end tuner capacitances).

The predictions of the RFQ3D code are shown as
individual points on Fig. 6.2.1. The agreement is very satis-
fying.

The code RFQ3D has been applied to the RFQ1 structure
design. Both the standard and double dipole configurations
were calculated to determine the sensitivity of each configu-
ration to a fixed 0.125 mm transverse movement of a single vane
tip. The dipole field component introduced increases slightly
as the frequency is raised above cutoff (Table 6.2.1). The
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double dipole configuration has a significantly reduced average
dipole component. Longitudinal tilts are about the same.

Table 6.2.1

UFQ1 Field Configuration for a 0.125 mm Transverse Movement
of a Single Vane Tip

Configuration

Standard
M

Double Dipole
n

6.2.1.2.3 GRID

(f-fnoJMHz

0.426
0.273
0.037

0.703
0.427
-0.019

Left
End

19.3
19.0
19.1

0
0
0

% Dipole

Middle

19.3
19.0
19.1

14.2
10.2
11.5

Right
End

19.3
19.0
19.1

0
0
0

(GSI RFQ Interactive Design)

Average
Longitudinal
Field Bow %

6
3.5
0

20.7
6
-1

L.W. Funk

The RFQ design recipes developed at GSI are incorpo-
rated in this interactive code which has been installed on the
CYBER 720. The user specifies the particle, rf wavelength,
clear bore radius, a voltage dependent factor, followed by the
acceleration efficiency and either the synchronous phase or the
area within the longitudinal separatrix, normalized to its
value at the entrance to the shaper, as functions of particle
6X, and the code produces a detailed cell table. The table is
used to make analytic estimates of longitudinal and transverse
current limits, space charge factors, zero current and
depressed tunes, matched ernittances and emittance and energy
ratios. In the version operational on the GSI IBM computers,
this output was presented graphically, and the user could then
immediately and interactively modify the design. An equivalent
graphics package is not available on the CRWL computers, and
other methods of presenting these results to the user inter-
actively are being investigated.

GRID produces additional output which' can be used to
describe the RFQ for PARMTISQ, so that more detailed particle-
tracking simulations can be done.
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The effect of the longitudinal electric field in the
radial matching section at the entrance to the RFQ on the beam
dynamics has been analyzed. This longitudinal field exists at
the input of all RFQ's, independent of resonator type. The
effect has been shown to be small, and may be further reduced
if the length of the radial matching section is properly
chosen. For example, under the simplifying assumption that the
potential rises linearly in the radial matching section, second
order cancellation effects are achieved when the length is an
integral of &X. For more complex and realistic potential
shapes, numerical integration of the equations of motion will
be required to determine the correct length.

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 Injector

J. Ungrin

The injector operated routinely for a number of 1-2
day runs supplying low intensity beams to the Alvarez tank foeu
energy analysis experiments. In early December a bearing * v

failed on the 10 kHz motor-generator unit that supplies the 750
kV Cockcroft-Walton power supply. This large unit, weighing ^
8 Mg can only be removed for servicing from the building
basement with a large mobile crane. The construction of a
concrete shielding enclosure in the experimental hall and the
planned addition of a second accelerating structure create
severe access problems for the crane. A relocation of the
motor-generator is planned.

6.2.1.3.2 Rf Systems

J.C Brown

The new tube bundle ordered to replace the severely
corroded bundle in the freon cooling systems heat exchanger was
received defective in August. The manufacturer had made it
with the original mild steel materials instead of brass and
copper. A second bundle made with these materials was
delivered late November. Upon completion of beam analyzing
measurements, the heat exchanger was removed and modified to
accept the new bundle. Commissioning tests to satisfy
provincial code requirements will be performed early January.
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The exciter stages of the CWPL rf system were
purchased in the late 1960's to test a development version of
an ING high power amplifier. Later both were converted for use
as the linac rf source. During the past several years, the
lower power stages have experienced considerable trouble with
thermal instability and component failures. Design inadequa-
cies make retuning to a new frequency difficult. The 3 MeV
Alvarez, resonant load, RFQ1 and sparker facility installations
will require frequency changes that are at the tuning range
limits where performance is degraded. A 500 W broad band solid
state amplifier has been ordered to replace all of the stages
from the output of the low level rf control unit to the input
of the tetrode driver stage.

6.2.1.3.3 Alvarez Tank and Linac Operation

J. Ungrin and J.C. Brown

A vacuum failure in the buncher cavity was traced to
a leak in the ceramic-to-metal brazed joint of the drive loop
window. The vacuum surface of the window was heavily coated
with copper causing it to overheat. Shortly thereafter, the
window in an adjacent port failed and was found to be heavily
coated. Coating may have occurred several months ago when a
large leak developed in the phase sampling probe.

•A series of low intensity (up to 1 mA) energy
analysis experiments was completed with the 3 MeV beam at tank
powers up to 165 kW. The maximum power level, which is ̂  17 kW
higher than the level required to produce the design acceler-
ating field, was limited by sparking in the vicinity of the rf
drive loop. A minimum beam spread (full width at half-maximum)
of ^ 20 keV at a power level of 150 kW and a beam energy of
2.945 MeV was measured. Transmission of beam to the energy
analysis system is proportional to total tank transmission up
to ^ 155 kW but then is found v.n drop off very rapidly.
Failure of the rf loop vacuum window and of the injector motor-
generator have prevented detailed investigation of this
phenomena. A new rf loop adapted from a second experiment is
being fitted to the Alvarez tank and renewed energy analysis
experiments are planned following repairs to the injector motor
generator.

6.2.1.4 Zero Energy Breeder Accelerator (ZEBRA)

S.O. Schriber

ZEBRA is a 10 MeV, 300 mA cw proton linac, now in the
conceptual design stage. A number of pre-ZEBRA experiments are
in progress.
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6.2.1.4.1 Radio-Frequency Quadrupole

E.G. Chidley, R.M. Hutcheon, G.E. McMichael,
L.D. Hansborough (Visitor from Los Alamos National
Laboratory), S.O. Schriber and R.B. Turner (Special
Projects Division)

(a) Rf Quadrupole Studies

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

Initial operation of RFQ Model III was with square
ended vanes, without end plates or tuners. The field was
longitudinally convex (50% high in centre) indicating that the
operating frequency (465 MHz) was well above the 459 MHz cutoff
frequency predicted by SUPERFISH. The azimuthal asymmetry gave
a measured 6% dipole component/ within sensible operating
limits for RFQ1, for example.

End tuners of the conventional type, and mock-ups of
Bourdon tube type have been assembled. Fabrication of the
tuning manifold was completed.

(b) Rf Quadrupole Mechanical Design

A full-size cross-section RFQ mechanical mock-up of
RFQ1 was fabricated for testing. The mockup is a stainless
steel and OFUC furnace-brazed assembly representing a 7.5 cm
long four vane resonator cavity. The test consisted of using
another assembly to deflect the resonator mock-up to determine
the flexibility of such an arrangement. Vane tip movement in
excess of ± 1 mm in any direction from one initial position was
feasible with no apparent ill effects on the cavity.

We plan to have four short sections of RFQ vane made
in a Toronto shop as demonstration pieces. The necessary
3-dimensional machining will be done with a numerically
controlled mill.

Attempts to procure electroless copper plating on
stainless steel have not yet been successful. The supplier
chosen for the work rejected the contract and a new supplier
has not yet been found.

Various deflection tests were done on the Bourdon
tube end tuner arrangement - both on commercial (presumably of
beryllium-copper) and on in-house fabricated stainless steel
tubes. For the 90° configuration (which appears to be the
maximum practical angle when rf properties are considered) a
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deflection of up to 1 ram was observed at the half-yield
pressure. Compa; Lsons with oths? RFQ cold model measurements
suggest that this is not sufficient movement. However the
method is considered important enough to require further
experimental studies, and a one quarter quadrant model with two
Bourdon end tuners has been built and awaits testing.

A mechanical layout study was done to examine the
fabrication of a split coaxial RFQ structure. Fabrication for
108 Milz cw appears to be feasible. By appropriately splitting
the resonant cavity, individual units may be assembled and
tuned, but this configuration does introduce a complicated
vacuum seal arrangement.

(c) RFQ Sparker

This four vane non-accelerating structure is being
constructed to measure sparking voltage levels. The facility
location was reviewed recently to investigate the possibility
of adding measurements in the presence of beam without signifi-
cantly delaying the program. The most convenient site is the
position of the high energy proton beam stop downstream of the
Alvarez tank. With the addition of focusing and steering
transport elements low energy beams could be drifted through
the Alvarez and sparker tanks. Connections to services and rf
feed can be made easily and sufficient space is available
upstream to continue high energy beam experiments. Work is
underway to accommodate installation at this new location.

Prebrazing tuning of the sparker was completed. In
the final configuration, 1 mm shims were placed under each
vane, and approximately 60% of the rf coupling loop cylinder
penetration was removed. This produced an azimuthally balanced
(± 10%) quadrupole field at 268.2 MHz, and dipole modes at
263.6 and 273.0 MHz.

More accurate quadrant balancing will only be sensi-
ble after brazing. The longitudinal distribution was convex,
about 7% high at the middle.

Most of the machine shop work on the sparker is now
complete. Although tuning the device proceeded smoothly subse-
quent brazing operations have been severely delayed, as a
result of furnace availability problems and difficulties in
achieving tight, adequately filled, braze joints. A final
solution to the brazing problems has yet to be found. In many
cases the ports being brazed are too large for the furnace and
have to be brazed while resting in an unfavourable orien-
tation.
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(d) RFQ1 - 75 mA cw, 600 ke1' i> celerator

Chalk River's first full power RFQ accelerator will
be used to test space charge limits and verify design tech-
niques 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 a drift-tube linac.

SUPERFISH has been used to check the proposed RFQ1
design and determine the cross-sectional dimensions to give a
resonant frequency of 269 MHz (assuming that the end tuners
raise the frequency by 300 to 400 kHz). A mechanical model,
RFQZ, will be buxlt with these dimensions. Assuming we can
achieve 75% of theoretical Q, the maximum surface power density
in RFQ1 should be less than 1.2 W/cm^ when operated at the
design field level (peak surface electric field = 1.25 x
Kilpatrick or 20.7 MV/m). Preliminary design work is underway
on a short, zero power RFQ which will be constructed to prove
that IiFQl can be built.

Calculations show that the main effect on RFQ beam
dynamics caused by an error in vane position arises through
shifts in vane tip voltages caused by the change in rf
resonator geometry. In RFQ1 a transverse displacement of one
vane by 0.0125 cm would have very little effect on the beam if
the potential on the vane surface were unchanged. In practice
this change of the resonator geometry will shift the vane
potentials and reduce the transmission from 83% (with no error)
to 65%.

It may be possible to improve the stability of the rf
fields to positional errors if the resonator can be operated
above or below cutoff, although this will introduce a longi-
tudinal field variation. The effects of a longitudinal vari-
ation on beam transmission are shown in Fig. 6.2.2. The
voltage variation assumed in this figure is parabolic with a
fixed maximum and "droop" is the change of the fields ac the
ends compared to the field at the centre. Note that a voltage
droop at the ends of 15% produces only a small reduction in
transmission whereas a droop of -5% (i.e., a droop of 5% in the
centre) gives a larger reduction. The amount of longitudinal
variation required to give adequate field stability is being
investigated.
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(e) Radio-Frequency Quadrupole Design

As part of a study of parameter ranges for proton
RFQ's, the computer codes (obtained from Los Alamos National
Laboratory) CORLJ, RFQUIK and PARMTEQ have been used to obtain
designs for two pulsed RFQ's, one at 3 Gilz, and the other at
200 MHz. Parameters for these accelerators are given in Tables
6.2.2 and 6.2.3.

Table 6.2.2

3 GHz RFQ

Particle
Frequency
Injection Energy
Output Energy
Output Current
Peak Surface Electric Field
Length
Bore Radius at Quadrupolar Symmetry
Minimum radius
Transmission
Peak Power

protons
3 GHz
100 keV
2.5 MeV
1 mA
2 x Kilpatrick
1.04 m
0.52 mm
0.40 mm
53%
500 kVf

Table 6.2.3

200 MHz RFQ

Particle
Frequency
Injection Energy
Output Energy
Output Current
Peak Surface Ulectric Field
Length
Bore Radius at Quadrupolar Symmetry
Minimum Radius
Transmission
Peak Power

protons
200 MHz
50 keV
2 MeV
80 mA
1.75 x Kilpatrick
2.76 m
7.1 mm
4.4 mm
93%
670 kW (includes

be'.im loading)
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6.2.1.4.2 Two Beta Lambda Alvarez Tank (2BLAT)

L.D. Hansborough (Visitor from Los Alamos
Laroratory) and J. Ungrin

Field stabilization measurements with post couplers
continue on the 22 cell Alvarez model tank. Geometries other
than one post coupler per drift tube have been investigated.
Stabilization of the on-axis field in the 22 cell graded beta
tank has been achieved with as few as three post couplers. The
tilt stability achieved of less than 1%/MHz (end plate shifts)
is the same for thi? geometry as achieved with 21 post
couplers.

The theory explaining field stabilization with post
couplers (Swenson et al., Sixth International Conf. on High
Energy Accelerators, Cambridge, Mass (1967), CEAL-2000) pro-
poses that the post couplers be treated as "ir/2-like" coupling
elements between accelerating cells. This description of field
stabilization is inconsistent with the present geometry which
has one post coupler for every seventh drift tube. Measure-
ments are currently underway to determine the field distri-
butions of the post coupler modes in this simpler geometry.

Induction heating tests were done using the 30% Sn -
70% Pb solder and zinc-chloride flux. Using a simple (plain)
mating surface with a large ring of solder, a joint between a
simulated stem and stem termination was made and broken. One
test only wet about 50% of the joint surface, and excess solder
resulted in drippage. Threading and pre-tinning the drift tube
joint surface has been suggested as cures for the problems
encountered in this test. The method continues to appear
promising.

6.2.1.4.3 Resonant Load

J.C. Brown and J. Ungrin

As reported in PR-P-135 (see 6.2.1.4.3, AECL-7907)
low power measurements showed that a standard flange connection
was not satisfactory for rf joints in a high current location
of aluminum cavities. By improving the rf connection with a
temporary indium wire seal, ninety percent of the expected Q
was achieved. Later, an aluminum Helicoflex (re-useable)
gasket was installed to provide both a good rf connection and a
good vacuum seal. The seal was installed as received from the
manufacturer although it was solvent cleaned using standard
procedures for vacuum cleanliness. While the desired vacuum
performance was easily achieved without special surface prepa-
ration, the rf connection was not, as indicated by a drop in
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measured Q to 80 percent of the expected value. Power oper-
ation will be tried to see if the rf connection improves at
higher current levels.

Good surface preparation to remove oxides appears
essential and several cleaning methods will be investigated.
Those involving abrasives may degrade vacuum performance while
those involving active chemicals pose significant handling
hazards.

Upon completion of the beam analyzing measurements
and modification of the freon heat exchanger, work started on
the installation of the shielded room. About thirty percent of
the wall is now in place. Installation of about half of the
south end of the block wall is being delayed until after the
injector motor-generator has been repaired and replaced in the
basement. The large portable crane required for lifting the
motor-generator interferes with this section of the wall.

Installation of the 230 mm rigid copper transmission
line system resumed. Some support post adjustments were
necessary for alignment at the triode amplifier end and fitting
of the final section was completed.

6.2.1.4.4 General

D.D. Graham (Civil and Mechanical Design Branch)
and S.O. Schriber

A third and final revision of the building layout for
the ZEBRA, laboratories has been completed. Preparation of
building specifications and room layouts is now underway. The
new building has three basic areas - a three storey office
building (with offices around the perimeter, laboratories in
the centre and a basement for services) for both scientific and
support staff, (6965 m2 total floor area for 68 scientific
staff and 56 administrative and support staff), a service area
for machine shop, brazing furnaces, electronics shop and
support services (1540 m^ floor area for 26 support staff),
and a high ceilinged open laboratory for major high power
equipment (4400 m* floor area for 12 scientific staff).

6.2.2 Electron Test Accelerator

J. McKeown

This accelerator is used for accelerator physics
research with coupled cavity structures. The electron beam is
also used for irradiation purposes and as a source of gamma
radiation for fundamental research.
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6.2.2.1 Accelerator Operation

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

Electrons were used to irradiate single crystals of
well annealed high purity zirconium. Results from these
experiments are reported in PR-CMa-63.

The high energy electrons in air have created a high
ozone level in the tunnel. A controlled set of experiments was
carried out with the assistance of RI&S personnel. The
measurements were made at the target location with beam
currents of 20, 40 and 60 yA. There were three main con-
clusions:

(1) The ozone level from the first 45° bend to the beam dump
after the 90° bend was uniform.

(2) Within ten minutes the ozone level reaches an equilibrium
level in ppm of 0.01 IE where I is the beam current in pA
and E is the beam energy in MeV.

(3) After irradiation stops the ozone level decreases with a
half-life of one minute.

Administrative measures have been taken to prevent entry to the
tunnel by operating personnel immediately after irradation.

Klystron S/H 102 failed during the period because of
a bad vacuum. A large leak in the collector was subsequently
identified which is usually considered to be terminal. A
collector from an old klystron previously acquired from the
U.S. Air Force was successfully welded to the klystron body at
the second attempt. Operating procedures well outside the
manufacturer's recommended range were necessary to initiate
cathode emission and a balance between structure vacuum, beam
pumping and cathode voltage was maintained to bring the
klystron back to its normal perveance curve. Initial rf run up
tests are encouraging.

A vacuum failure ir. the accelerator structures
occurred during a week-end when an ion pump controller was left
in the start position. The leak was at just the right rate to
sustain a discharge inside the pump causing a synthesis of
nitrogen oxides. Attempts to rough pump the structures had to
be suspended when the tunnel filled with very toxic gases. The
accelerator vacuum is still incapable of sustaining ion pump
operation and work is continuing to attempt a recovery from
this event.
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During the parity violation experiment, the beam
position monitor was not showing sufficient sensitivity. The
cause is presently being investigated. The cavity and
electronics were tested in a wire experiment which simulates
the beam current by passing current through a wire. Satis-
factory results were obtained. Further tests will be carried
out with beam.

6.2.2.2 Injector Development

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

The pulsed gun was assembled and installed in the gun
test stand in Building 145 (Fig. 6.2.3) and was high voltage
conditioned up to 120 kV. At present, a high voltage of up to
90 kV can be applied without any detectable breakdown effects.
Bench testing of the pulser electronics has been completed.
The gun has been operated at 85 kV and at a pulsing rate of 5
kHz. Preliminary results show that the required 1 x 10~8

coulomb per pulse is achieved, but the beam is blowing up at
the output of the gun. The cause of this beam blowup is now
being investigated.

The cooling lines of the klystron coils salvaged for
use on the pulsed gun injection line were found to be leaking.
Adequate cooling has been provided by sandwiching each coil
between water-cooled copper plates coated with heat transfer
compound.

The new buncher is now installed on the ETA injection
line.

6.2.2.3 Irradiation Facility

J.-P. Labrie

Wire insulators have been irradiated with doses of 1,
3 and 5 Mrad. A study of the changes in tensile strength of
the insulators as a function of the dose is underway. Prelimi-
nary results have prompted much interest and more samples will
be irradiated.



Fig. 6.2.3 ETA pulsed gun test stand. 1. ETA pulsed gun, 2. gap lenses,
3. pneumatic valve, 4. degaussing coil, 5. scanner housing,
6. aperture, 7. beam current monitors, 8. beam dump.
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G.2.2.4 Cavity Temperature Studies

J.-P. Labrie

In a cylindrical cavity, the frequency of the
TMQIO

 mode is inversely proportional to the cavity radius
and the frequency of the T E m mode depends on both the
cavity radius and its length. Hence, a measure of the tempera-
ture dependence of the frequencies of these modes yields the
radial and longitudinal thermal expansion of the cavity.

The coupled cavity TMQIQ mode spectrum of the
2.414 GHz on-axis coupled structure built for the beam cavity
interaction experiment was measured at different structure
temperatures and the computer code DISPER was used to determine
the T M 0 1 Q mode frequency of the accelerating cells inde-
pendently from the coupling cells. The results, shown in Pig.
6.2.4, indicate that the resonance frequencies of both types of
cells decrease linearly as the temperature increases. The
slope of these curves agrees within 8% of the value calculated
from the thermal expansion of the structure's radius. The
stop-band is almost independent of temperature.

The T E m mode is not a coupled cavity mode of
the structure. The longitudinal thermal expansion calculated
from the measured temperature dependence of the frequency of
the T E m mode, agrees within 15% with that calculated
from the thermal expansion of copper.

These results indicate that the radial and longi-
tudinal thermal expansions of this shaped cavity are comparable
and confirm the relative insensitiv.ity of the TMQ^O mode
frequency to changes in cavity length when compared to changes
in the cavity radius.

6.2.2.5 Beam Cavity Interaction

6.2.2.5.1 Theoretical Studies

K.C.D. Chan

The electric fields on axis of the on-axis coupled
structure to be used in the beam cavity interaction experiment
were measured by bead pull. These data were input to the
program MODE to estimate the excitations of various structure
modes by the ETA cw beam and pulsed beam. The cw beam was
represented by beam bunches with crrms of 0.0155 m at
804.78 MHz and an average current of 2 mA. The pulsed beam was
represented by a single pulse with 1 x 1011 electrons with
the same orms. The energy loss parameter calculated for
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the TT/2 mode is 1.73 V-pc""1 over the length of the structure,
or 9.44 V'pc"1'in"!, in good agreement with the results
reported in the last progress report using the SUPERFISH
fields. The synchronous acceleration fields excited for the
TT/2 mode will be 35 kV/m and 300 kV/m for the cw beam and the
pulsed beam respectively. The resonance function was 1500 for
the TT/2 mode frequency (which equals the third harmonic of
304.78 Mllz) for the measured Q value of 14200. The energy
loss parameters for 0 and TT modes were found to be 3.93 x 10~3
and 1.12 x 10~3 V-pc"1 for the length of the structure.
They are small compared to that of the TT/2 mode because of the
effects of transit time factors and field tilts in the
structure. Similar results are expected for the coaxial
coupled structure.

6.2.2.5.2 Structure Development

J.-P. Labrie and K. Parks

The tuning and brazing of the on-axis and of the
coaxial coupled structures for the beam-cavity interaction
experiment is completed. Both structures had vacuum leaks at
the probe inserts and brazing increased the TT/2 mode frequency
by 600 kHz. The operating water temperature is 54.3"C for the
on-axis structure and 49.3°C for the coaxial structure, iligher
order mode studies are being considered.

6.2.2.6 ETACOH

K.C.D. Chan

The task PROFIL written for the experiment mapping
the beam profile at the irradiation facility is now ready. A
system of tasks, MNTR, has been implemented to keep account of
the ETA operation hours of gun current, M3 and M4 rf, etc. The
Burr-Brown CS450 Control and Measurement System has arrived.
Installation of the system with a patch panel for analog inputs
and digital I/O is complete.

6.3 Research Applications

6.3.1 Heavy-Ion Superconducting Cyclotron

J.U. Ormrod and J.A. Hulbert

Design and development of a superconducting cyclotron
for a post-tandem accelerator continues. All of the steel
sections of the cyclotron magnet yoke have been moved to the
tandem-cyclotron building in preparation for assembling the
cyclotron in its final location.
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6.3.1.1 Cryogenic System

J.A. Hulbert, L.W. Thomson (Operations) and
L.F. Birney

The cryostat was brought back to room temperature in
early October and with the dismantling of the yoke completed is
ready for planned modifications to be carried out. Design work
for the cryostat modifications, other than those directly con-
nected with the extraction channel, is complete. These include
a revision to the shield flow routing and improvements to the
Tower 3 vacuum seal.

The 1400 liquefier has been kept in operation to pro-
vide liquid helium for extraction channel development experi-
ments.

Fabrication of the new 2B00I1R liquefier is
progressing at the manufacturer's plant. A minor modification
to the original specification will permit cryostat shield
cooling gas to be returned to the liquefier heat exchanger,
resulting in appreciable saving in operating costs for liquid
nitrogen.

Some revision of the helium piping design for
Building 137 has been carried out and quotation requisitions
for new valves and other specialized components have been
issued.

Design work on the shielded refrigerant transfer
lines has continued. A line for the cryopump feeds has been
designed and a work order placed for two. The lines for the
liquefier/cryostat coupling consist now of a line feeding the
cryostat shield which provides a return path for the cryostat
shield gas and a source of shielding gas for the other transfer
lines, and two identical shielded lines for the liquid helium
feed and return. The first of these lines is quite complex.
Its design is complete. Completion of the detailing of some
parts of the other line design is awaiting drafting effort, but
all mechanical details of the assembly have been fully
developed.

Further design effort has covered changes to the oil-
sealed helium gas holder to ensure no oil spillage in the new
location and completion of the design of a blow-down sequencer
to keep the high pressure storage compressor interstage lines
free from oil without operator intervention.
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Work on defining those cryogenic 'system variables'
which will be accessible to the cyclotron control desk for
adjustment by the machine operator, has begun.

6.3.1.2 Cyclotron Magnet

6.3.1.2.1 Magnet Steel

J.H. Ormrod and R.E- Milks

The cyclotron magnet has been disassembled and the
yoke, poles and lower pole jacking system have been moved to
the tandem-cyclotron building where they will be reassembled as
part of the integrated heavy-ion accelerator facility. The
cyclotron pit opening in the accelerator development laboratory
extension has been covered and the extension is now ready for
the scheduled dismantling of the cryostat.

6.3.1.2.2 Trim Rod Drives

J.H. Ormrod and R.E. Milks

The eight trim rod drive clusters have been assembled
except for the solenoid clutch actuators that are to be mounted
on standoffs. The standoffs, that raise the solenoids 200 mm
from their previous positions (to where the fringing field from
the main magnet is reduced), are being fabricated. The twelve
dual power supplies for the stepping motors and the eight SPO
interface modules have been fabricated, but not yet tested.

6.3.1.2.3 Outer Field Calculated Maps

E.A. Heighway

The identification of corrections to the mathematical
model used to calculate the magnetic field at outer radii in
the cyclotron is now complete.

The comparisons with specific probe field measure-
ments succeeded in defining a suitable representation for the
holes in the yoke wall but failed to suggest improvements to
the representation of the flutter poles in particular at their
outer edge..

The model imperfections in the pole edge region have
been overcome by a blend of the inner measured field maps to
the outer calculated maps using a combination of scaling and
extrapolation. This method gives field values more reliable
than those from any obvious parametric alteration of the calcu-
lation model.
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6.3.1.3 Radiofrequency System

C.B. Bigham, R.J. Burton, J.E. McGregor

6.3.1.3.1 Accelerating Structure

After completion of the tests in the magnet reported
in PR-P-135 (AECL-7907) work continues on preparation for
installation in Bldg. 137.

The modifications to the liners to improve the
cooling and the fit at the outer conductor to liner joint were
completed and the liners reinstalled on the poles. The failed
high voltage cable for the electrostatic deflector was removed
from the dees. The dees and other components of the system
were then packaged for temporary storage.

6.3.1.3.2 Power Amplifier

The 50 Q. coaxial line between the driver triode and
final tetrode is long enough (6m) to be resonant at harmonics
of the operating frequency because it is essentially short-
circuited at both ends for these frequencies. These resonances
do not significantly affect the operation of the amplifier but
disturb the power metering in the line and make it difficult to
optimize the grid cavity tuning of the final tetrode. T^sts
with a manually operated line stretcher (a section of tele-
scoping coaxial line) indicated that the harmonic resonances
can be detuned at all operating frequencies by adjusting the
line length with the stretcher. A motor operated stretcher
will now be installed as a solution to the harmonic resonance
problem.

The additional 6" coaxial line components required
for the high power line installation in Bldg. 137 have been
ordered.

6.3.1.3.3 Control System

Circuit drawings of the control system as used in the
rf tests have been completed. The system is being rebuilt
where necessary and completed for the final installation. Some
additional computer interface and interlock circuits are •
required. The rebuilding of the dee voltage probe detector
circuits is complete.

The rf distribution and phase controls for the
bunchers have been started. The phase stable solid sheath
Heliax cable for the long rf runs has been purchased. A four
channe CAMAC controlled delay line for coarse phase control
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and analog phase shifters for line phase control have been
purchased. Splitters and booster amplifiers have been
ordered.

The dee voltage probe circuits will require recali-
bration after reassembly because the probes are position sensi-
tive and could easily have been moved during the work on the
liner. They were calibrated originally in the dummy vacuum
vessel experiments by the x-ray end point method. There, the
intrinsic germanium detector was placed outside the vacuum
vessel. This is not possible in the magnet so it is planned to
place a special detector in a thimble in the lower dee stem in
such a way that the detector can see x-rays from each dee in
turn. Electron sources will be mounted in suitable positions
in each hill.

6.3.1.4 Injection

6.3.1.4.1 Low Energy Buncher

E.A. Heighway and J.E. McGregor

Progress has been made on three fronts.

(a) The poor Q of the buncher has been improved by making
several small modifications to the cavity. These
included rebuilding the tuners from copper instead of
aluminum and replacing the single-point rotating rf
contact joint in the tuners with multi-point finger
contacts. The end flanges of the cavity were also
dowelled to align the end rf joints.

(b) A coupling loop has been designed that gives adequate
coupling for both the If and 2f frequencies over the
entire frequency range.

(c) The low 2f voltage on the If stem has been increased by
lengthening the 2f stem. Small changes to the tuners may
be necessary to correct the 2f frequency range for the new
length.

6.3.1.4.2 High Energy Rebuncher

C.B. Bigham

Drafting is complete and a work order has been issued
for construction of a drift tube rebuncher (PR-P-131,
6.3.2.4.2; AECL-7510).
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6.3.1.5 Extraction

6.3.1.5.1 Channel Development

C.R.J. Hoffmann

Development work continues on magnetic elements for
the extraction system. Calculations have been performed for a
revised compensated bias winding configuration, based on an
arrangement of racetrack coils, for channel 1 (see PR-P-135,
6.3.1.5.1; AECL-7907). This configuration allows easier
mechanical support of the windings than the original proposal
which had saddle windings. However, to meet the space con-
straints the vertical beam aperture must be decreased approxi-
mately 35% (in channel 1). The iron gradient structure of
channel 1 has also been revised: the iron bars have been made
smaller and moved closer to the beam path. This has resulted
in an increased radial focusing gradient (35 T/m) and reduced
perturbation fields in the acceleration region generated by the
iron structure. Mechanical design of a test module for channel
1 based on this revised configuration has begun.

Development experiments were hampered by failure of a
temperature controller in a vacuum tube furnace during reaction
of a three layer racetrack coil. The temperature rose from
700°C to above 1080°C and remained there for several hours,
resulting in the melting of copper parts. The coil and its
fittings were not recoverable and the furnace vacuum tube had
to be replaced. An independent protection circuit was
designed, assembled and tested. This circuit turrs off the
heater power if the furnace temperature deviates from set
limits.

Two model superconducting coils were tested. Both
failed after several coil quenches with a lead-in conductor
burning out close to the coil. The lead-in conductors for one
of the coils consisted of two superconducting wires (Nb3Sn,
bronze matrix) wrapped in copper foil (0.03 mm thick) and
brazed together with IMCUSIL10. These lead-in conductors
formed the first and last turn of the test coil and were
soldered to copper connections outside the coil. Methods are
being sought to protect the lead-in conductors better.
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6.3.1.5.2 Refrigerated Electrical Leads for the Extraction
Channel

J.A. Hulbert

The extraction channel magnet system will require
eight electrical leads, capable of carrying 300 amperes each.
To obtain the best packing in the limited access space availa-
ble, leads of rectangular cross section will be used, con-
sisting of copper strips enclosed in a stainless steel jacket.
The first pair of prototype leads had been prepared by corn-
Dressing formed copper strips into a welded jacket. Tests of
gas flow in these leads showed four times the pressure drop
calculated for smooth gas channels. This excessive flow
impedance is presumably caused by the gas channels being
irregular in height from bowing of the copper strips on
assembly. A second lead pair made by packing strips less
tightly in a pre-formed rectangular section tube had an
acceptable pressure drop and this pair is being mounted for
low-temperature current capacity measurements.

6.3.1.5.3 Extraction Beam Line

J.H. Orrarod

The layout of the extraction beam line between the
main magnet cryostat and the first downstream guadrupole (QE-1)
is complete. The two metre length of beam line includes a
valve, beam profile monitor, vacuum pump (possibly with a
Faraday cup in the same cross), radial probe #1 - extraction
beam line intersection, a vertical steering magnet and two
horizontal steering magnets. The fringing field from the
cyclotron magnet is significant along this line and the need
for the beam to enter QE-1 with zero deflection and zero dis-
placement requires a horizontal steering magnet immediately
upstream of this quadrupole. A portion of the beam line is
shielded with mild steel pipe and the second horizontal
steering magnet, near the mid-point of the line, must deflect
2.4 GeV uranium by 30 mrad. The magnets have been specified,
quotations have been raised for the power supplies and vacuum
line and magnets are being detailed.

6.3.1.6 Beam Probes

J.D. Hepburn

Minor design modifications resulting from a design
review of the stub probe and the two radial probe mechanisms
are being effected. Purchase orders and work orders necessary
for completion of one radial probe are out for quotation. All
commercial components for the stub probe are on hand.
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The probe control system has been laid out using
standard CAMAC modules, NIM modules already developed by the
Accelerator Physics Branch (see PR-P-132, 6.3.2.1.3;
AUCL-7605), and a specialized chassis for interlock contact
fan-out, buffering, and interconnection. LSI-4 microprocessors
will assist the main control system to monitor and control the
probes, and carry out on-line data collection and display.
Discussions have been held with the TASCC control groups to
ensure compatibility of the probe controls with the overall
control system.

6.3.1.7 Code Development

E.A. Heighway

Assistance was given to Mathematics and Computation
Branch in preparing a data set for the J-D electromagnetics
code TOSCA which is currently being adapted to the Chalk River
CDC environment by that branch.

The file handling modifications to GOBLIN to read
outer map field perturbations is complete.

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 was:

Accelerator Physics Branch - 99.4%
Reactor Physics Branch - 0.6%

6 4.1 High Current Proton Accelerator

A magnetic mass filter was fabricated to fit the
radial cusp duoPIGatron plasma generator. The beam stop for a
plunging beam stop was fabricated and the unit was assembled.
A solenoid focusing magnet was finish machined and brazed
together with a beam scraper, gimbal fittings and springs for
ITE.

A new slit assembly was fabricated for, and modifi-
cations were made to, the ISTS emittance measuring unit. One
new plasma aperture plate was fabricated, two others were
completed and two small gate valves and one pump baffle were
repaired.
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A test jig and a 35 to 50 ohm transmission line
matching section were fabricated for measurements related to
the rf matching of a ceramic window in a loop drive line.

Repairs and modifications were made to two vacuum
contactor type crowbars for the modular dc power supplies and a
valve operator arm was made for controlling the cooling water
flow in a rf induction heater being set up in Dldg. 610 as a
service facility.

Machining, assembly and testing of various RPQ com-
ponents and mock-up models continued, including: modifications
of the end regions and fabrication of a tuning manifold for RFQ
III; a mechanical mockup of a 4 vane structure with flexible
side wall joints; the construction of a one quarter quadrant
model with Bourdon end tuners, Bourdon tube tests and in-house
manufacture of some stainless steel Bourdon tubes.

6.4.2 Electron Test Accelerator

The assembly and installation on the test stand of
the pulsed gun is now complete. During the installation, the
gun was vacuum leak checked and a gun stand support, beam pipe
support, solenoid holders, and accessories for a beam current
monitor were fabricated.

The stand 1 klystron has been repaired. The
collector, which had a vacuum leak, was replaced by a collector
from a spare klystron. The replacement collector was repaired
for vacuum leaks and then welded onto the klystron body.

Fabrication of structures for beam cavity experiments
continues. The fabrication of the on-axis coupled structure
was completed and the assembly of the coaxial coupled structure
is now underway. They contain a total of 20 probes as designed
for the microtron in the University of Mainz. A bead pull
device was modified to be used with these structures.

Four copper segments at 2.45 GHz are being manu-
factured for further studies of higher order mode excitation of
coaxial coupled structure.
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6.4.3 tieavy-Ion Superconducting Cyclotron

Rf coupling loops and coupling access ports were
added to the low energy buncher. One of the resonant stems was
modified by changing its diameter at the high voltage end and
by increasing its length. Several components were fabricated
for tests and modifications of the rf structure and power
amplifier.

Components were made for a model racetrack coil to
test a revised bias field geometry which has flattened super-
conducting windings.

A stainless steel replacement tube for a vacuum tube
furnace used to react superconducting coils was made and
installed.

The prototype cooled magnet lead was assembled and
modifications to the lead test cryostat as part of cyclotron
extraction channel development were made.

Several test sections for revised cyclotron vacuum
manifolds were constructed and two injection steering dipoles
were nickel plated.

6.4.4 Reactor Physics

A copper and iron target for neutron yield measure-
ments were fabricated and two control rods for the ZED-11
reactor were repaired.

6.5 Publications, Reports, Papers, Lectures and Patents

Reports

MAGNETIC FIELD MEASUREMENTS O« THE CHALK RIVER SUPERCONDUCTIUG
CYCLOTRON
J. Li. Ormrod
A2CL-7842 (November 1932).

Papers

ELECTRON ACCELERATORS - A i-JEW APPROACH
J. McKeown
Paper presented at the Fourth Int. Meeting on Radiation
Processing, Dubrovnik, Yugoslavia, 1982 October 4-3.
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The following papers were presented at Seventh Conference on
the Application of Accelerators in Research and Industry,
Denton, Texas, 1982 November 8-10.

RFQ1, A 600 keV, 75 mA CW PROTON ACCELERATOR
M.R. Shubaly, J.C. Brown, B.G. Chidley, M.S. de Jong,
L.D. Hansborough, R.M. Hutcheon, G.E. McMichael, S.O. Schriber,
R.B. Turner and J. Ungrin.

HIGH CURRENT DC ION BEAMS
M.R. Shubaly and M.S. de Jong.

A COMPACT NEUTRON SOURCE FOR RESEARCH AND INDUSTRIAL
APPLICATIONS
3.0. Schriber, B.G. Chidley, M.A. Lone and W.N. Selander.

LOYJ-ENERGY, HIGH-CURRENT PROTON SOURCES AT CRNL
M.S. de Jong, J.C. Brown, B.G. Chidley, L.D. Hansborough,
R.M. Hutcheon, G.E. McMichael, S.O. Schriber, M.R. Shubaly,
R.B. Turner and J. Ungrin.

THE CHALK RIVER ELECTRON TEST ACCELERATOR: A PROTOTYPE FOR
INDUSTRIAL IRRADIATOR DESIGNS
J.-P. Labrie, K.C.D. Chan and J. McKeown.

A COMPACT 6 MeV PULSED ELECTRON ACCELERATOR
R.M. Hutcheon, L.W. Funk, B.A. Gillies, S.B. Hodge,
P.J. Metivier and S.O. Schriber.

Lectures

RECENT WORK IN ELECTRONIC LINAC STRUCTURE DEVELOPMENT
J.-P. Labrie
Seminar presented at the University of Montreal, Montreal,
Quebec, 1982 November 17.
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