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SUMMARY

G.A. Bartholomew

1.1 Nuclear Physics Research

MP Tandem Operation

Continuing difficulties stemming from a cracked
column member reported in the last quarter resulted in
exceptionally low availability of the accelerator in this
quarter.

Accelerator availability was as follows:

Experiments running 648.0 hours 31.0%
Scheduled shutdowns 936.0 hours 42.4%
Unscheduled shutdowns 558.0 hours 26.6%

2208.0 hours 100.0%

The isotope separator has been used off-line to
produce implanted targets of l^N in ?-6y[q for pre-
cision mass comparisons on the QD3 spectrometer. Targets
of rare, expensive isotopes can thus now be prepared in
house using natural element feedstock.

Seven experiments were performed during the quar-
ter. Ten visiting scientists used the accelerator; they
were involved in experiments occupying 89% of the beam time
and in these experiments their participation averaged 44%„

Research Activities

Gamma-ray multiplicities and intensities of
gamma-rays in the continuum feeding high spin states in
l^Gd have shed light on the average moment of inertia
of the continuum states involved and on the transition pro-
babilities of the decay gamma-rays and point to the popula-
tion of collective states above the yrast line of as yet
undetermined s tructure.

Data-taking on the *>Li parity non-conservationu

experiment is complete. The previous upper limit for this
effect has been reduced by a factor of 100 but no effect
was found. The result is in accord with present theory
which now predicts the effect to be 10 times weaker still.

Strong enhancements resulting from double specta-
tor poles were observed in studies of the &Li + ^Li
reaction. The results suggest moreover that only a+d clus-
ters with small momenta participate.
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A comprehensive catalogue of (n,y) yrays, based on lit-
erature published between 1967 and 1979, has been assem-
bled and submitted for publication; this will provide
convenient element identification in (n,7) analytical
spectroscopy.

A compact, portable source has been developed for accur-
ate calibration of Y-ray spectrometers over the energy
ranne 0.5 to 8.6 MeV.

1.7. Accelerator and Applied Physics

Research Applications

a) Fast Intense Neutron Source

Acceleration or deuteron beams has been satisfactory.

A replacement tritiated target has been received but
not yet used. A deuterated target was made by beam
implantation on titanium; neutron production from this
target will be used in experiments.

b) Superconducting Cyclotron

The panels on the inner wall of the cryostat have been
fabricated and leak tested.

The flutter pole assemblies now have all the trim rod
holes drilled and are being fitted to the poles.

The new sliding shorts and outer conductors for the
accelerating structure have been fabricated and are
being installed.

The parasitic in tho power amplifier has been suppres-
sed with ferrite absorbers.

Orbit calculations on the beam with the second harmonic
magnetic field from the compensated extraction elements
have shown that no significant distortions are
introduced.

A thorough analysis of the requirements for the buncher
between tandem and cyclotron have been made.
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Nuclear Power Applications

a) High Current Proton Accelerator Development

Development of high-current reflex-arc ion sources
continues.

550 mA of 42 keV beam was accelerated on the Injector
Test Experiment.

Conceptual design of a four-beam xenon source has been
prepared.

Development of an improved code for ion beam extraction
and dc acceleration is underway.

Operation of the 7 50 kV injector and the Alvarez rf
system was satisfactory.

The buncher cavity is undergoing high power tests.

Protons were accelerated to ^2.9 MeV in the Alvarez
tank showing agreement with calculations.

Design of an improved Alvarez tank and a resonant load
for cw operation continues.

b) Electron Test Accelerator

- The variation of shunt impedance of the model 3 struc-
ture with temperature was studied over the range 30 to
55°C. Problems in running the 3 mA beam over a wide
frequency range tended to mask the effect although the
trend was consistent with a simple theory based on sur-
face rei-istivity.

Experiments to investigate bremsstrahlung angular dis-
tributions for the purpose of measuring beam profiles
is in progress.

The tuner in the graded-6 structure melted during a
high temperature run and has since been repaired.

Software development continues and the beam position
experiments have begun with the aim of placing this
under control of the computer.
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c) Fertile-to-Fissile Conversion Experiments at TRIUMF

Analysis of the water bath and direct conversion data
continues.

d) Fusion Blanket Studies

An investigation of the neutronics of a molten mixture
of LiF and BeP^ as both blanket coolant and tritium
breeding material in blankets for breeding U-233 and
Pu-239 indicates the mixture is less favorable than
anticipated.

The "CANDU coupling model" used to estimate the allowed
capital costs of fusion-fission breeding systems has
been reformulated to bring out specifically the
underlying cost relationships and to permit easier
intercomparison with similar assessments for other
electronuclear breeder systems.

1.3 Solid State Physics

- Neutron elastic and inelastic scattering studies of
solid CS2 have provided a fairly complete picture of
the structure and dynamical behaviour of this molecular
material. Analysis of these data will help to
elucidate the nature of the intermolecular force field.

Measurements of the structure factor S(Q) for liquid
4He near the first peak at Q = 2.04 A*"* have
shown a surprising and e; yet unexplained discontinuity
of intensity as a function of temperature within 0.002 K
of the A point (Tx = 2.X '2 K) .

Neutron powder diffraction studies of the semi-magnetic
semiconductor, MnQ.6ZnQ.4Te, have revealed a
broad peak of strongly temperature-dependent magnetic
scattering close to the ordering wave vector for the
antiferromagnetic type III structure.

New high-resolution measurements of the transverse
magnetic response in the one-dimensional
antiferromagnetic OsCoCJ.3 cannot be satisfactorily
explained in terms of perturbation theory.

Analysis of structure data for 'IPd^ has shown that a
particular lattice mode induces a quadrupolar
distortion of the charge distribution at uranium sites,
thereby giving rise to the phase transition at 6.5 K.
Renormalization group arguments indicate that this
transition is of the so-called "triple-q" type.

*1 A = 0,1 ran
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1.4 Applied Mathematics and Computation

Face seal dynamics models, physically more realistic than
those considered previously, have been developed and numer-
ical solutions to the non-linear equations with satisfac-
tory convergence behavior have been obtained.

The design of a base for a lithium target for a (p,n) neu-
tron source has been considered. The heat flux through the
base for removal of 2 5 kW from the target will be in excess
of 3 x 106 w/m2. it appears that forced convection
cooling of the base may allow the temperature limit at the
Li-vacuum interface to be met, but the possibility that
boiling heat transfer may be a better choice is being
investigated.

Programs and library routine developments, modifications
and enhancements during the quarter included:

development of rational minimax expressions for roost of
the principal thermodynamic functions of steam and water
along the saturation line. More efficient than many
routines now being used, these will be made available in
AELIB when testing is complete.

creation of Interactive Procedure Language routines to
assist in entering data to and generating reports from a
file of applicants' data used by the WNRE Employment
Office.

development of demonstration/prototype programs for the
maintenance of a £uel bundle database.

extension of analyses of airborne radioactive effluents
to 19 79 data.

development of en improved method of fitting peaks in
the fuel defect experiment data in the region of a step
in the background.

conversion of a package of progams for the analysis of
environmental data from UNIVAC to CDC systems.

- preparation of a steam-water properties routine required
for a two-phase flow model (using FORSIM) that is the
subject of a joint investigation by Engineering Research
Branch and researchers at the Institute of Nuclear
Research and Nuclear Energy, Sofia.
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Two enhancements to graphical output facilities were a new
implementation of the CALCOMP routines which removes
restrictions on character sizes and orientation of lines of
text in the former version, and the development of a
version of PLOT, the ba.-ic routine in the CRNL system,
which calls the CALCOMP joutines rather than writing the
plot file directly. This latter program is provided to
improve program portability, A graphics package called
PLOT79 has been received from the University of Utah and
installation has begun on the CRNL system. PLOT79 contains
both an implementation of the proposed Core Graphics
Standard, and a repertoire of high level graphics routines
of considerable interest to users of the CRNL system.

The enlargement of the computer room in Building 508 and
the new tape storage area have been completed. The present
disc subsystem has moved into its new location, and power
distribution cables for new discs have been installed.

Computing Centre work during the quarter originated as
follows:

Percentage of Percentage of
Number of Jobs Total Utilization

Radiochemical Company
Chemical Company
Engineering Company
WNRE
CRNL:
Computing Centre
Contracts
Technical Information and
University Relations
Health Sciences
Chemistry and Materials
Physics
Electronics, Instrument
and Control
Advanced Projects and
Reactor Physics
Fuels and Materials
Administration
Finance
Operations
Maintenance and
Construction
General Services
Plant Design
Special Projects
Environmental Authority
Others

0
0

19
1

27
1

3,
4
2,
8.

0.

10.
9.
0.
2.
2.

0.
0.
0.
2.
0.
0.

.06

.91

.14

.64

.96

.94

.78

.04

.17

.15

,79

,70
,36
. 73
,23
72

00
07
84
76
02
00

0.
1,

31.
8.

10.
1.

1.
1.
9.
7.

0.

11.
4.
0.
2.
3.

0.
0.
0.
4.
0.
0.

,01
,03
,58
.40

.02
,26

5
84
09
66

70

45
58
20
57
13

00
34
51
05
00
00
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Nuclear Physics Branch

J.C.D. Milton
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(1) Post doctoral fellow
(2) On leave of absence at Max-Planck Institut fur

Kernphysik, Heidelberg, West Germany
(3) Visiting Scientist from University of Aarhus;

terminated 80 August 30.
(4) Attached from the University of Gbttingen;

arrived 80 September 02.
(5) Post doctoral fellow, arrived from the University

of Manitoba 80 September 04.
(6) Visiting Professor from the University of Guelph;

terminated 80 August 15.
(7) Transferred to Design and Technical Services Branch

80 August 11.
(8) Summer student attached from the University of

Toronto; terminated 80 August 29.
(9) Summei" student attached from the University of

Toronto; terminated 80 August 22.
(10) Waterloo University Coop Student; arrived 80 September 02.
(11)• Graduate student attached from the University of

Toronto.
(12) AECL (Solid State Science Branch) Summer Student from

the Universite de Montreal working part-time with
H.R. Andrews; terminated 80 August 20.

(13) National Summer Student from Carleton University;
terminated 80 August 13.

(14) AECL (NRX Reactor Branch) Summer Student from
Queen's University working part-time with
R.B. Walker; terminated 80 August 22.

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

(16) Summer student attached from Oberlin College;
terminated 80 August 19.

(17) Summer student attached from the University de
Montreal; terminated 80 August 17.

(18) Local Summer Student from University of British
Columbia; terminated 80 August 25.

(19) National Summer Student from McGill University;
terminated 80 August 29.

(20) Coop Student attached from CEGEP de la Pocatiere;
terminated 80 August 01.

(21) Summer Professor from Oberlin College; terminated
80 August 29.

(22) Transferred to Mathematics & Computation Branch
80 September 02.

(2 3) Temporary Stenographer transferred from Reactor Physics
Branch 80 September 02.

a) Also has responsibilities in Section I and II.
b) Also has responsibilities in Section I.
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2.2 Parity Forbidden Alpha Width of the 3.56 MeV State of 6Li

A.B. McDonald, G.C. Ball, W.G. Davies with E.D. Earle (Neutron
and Solid State Physics Branch), R.G.H. Robertson, P. Dyer,
R.C. Melin (Michigan State University) and T.J. Bowles (Los
Alamos Scientific Laboratory)

The experiment designed to search for isovector parity
violation in °Li has been completed. A total of 35,000 6Li
capture events were accumulated. The parity forbidden alpha
width obtained from an analysis of ^ 80% of these data is
(0.6 ± 0.8) x 10~6 eV. The 90% confidence limit of < 2x10~6 eV
corresponds to an enhancement factor less than 80 for the
contribution of neutral currents to the weak pion-nucleon-
nucleon interaction.

2.3 Measurement of the He + D •* Li + y Direct Capture
Reaction at Low "nergy

A.B. McDonald, G.C. Ball, W.G. Davies, E.D. Earle (Neutron
and' Solid State Physics Branch), R.G.H. Robertson, P. Dyer
(Michigan State University), and T.J. Bowles (Los Alamos
Scientific Laboratory)

The apparatus previously used in a search for parity
violation in °h± (see PR-P-126: 2.2; AECL-7055 and
Sec. 2.2 above) has been employed to measure the cross
section for the direct capture of alphas on deuterium at
incident alpha energies between 3.0 and 9 MeV. This direct
capture reaction is of interest in "Big Bang" nucleosynthesis
but no experimental results have previously been reported in
this low energy region.

In the present experiment, alpha particles were inci-
dent on a 2 yg/cm2 thick, differentially pumped deuterium gas
jet target and the 6Li ions produced were detected at 0° with
the QD3 magnetic spectrometer. The angular acceptance of
the spectrometer was large enough to accept recoiling 6Li
ions for all center-of-mass angles of the emitted gamma rays,
and the focal plane detector system was long enough (35 cm)
to cover the full *>Li energy dispersion induced by the
gamma emission. The focal plane position spectra indicated
anisotropic angular distributions for the direct capture
gamma rays at all energies. To determine the absolute nor-
malization of the cross sections, the number of beam-target
interactions was monitored for each energy by observing
elastically scattered deuterons in a solid state detector
located at the exit of the first dipole. The charge state
fraction for ^Li3+ ions at each energy was determined by
observing the change in current for a 6Li3+ beam (observed
in a Faraday cup between Dl and D2) as the gas target thick-
ness was varied from zero to 2 |ag/cm2.

Data analysis is in progress. The final cross section
and angular distribution data will be used with theoretical
models for the direct capture process to extrapolate the
cross sections to the region of astrophysical interest.
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2.4 Parity Mixing in 21He

A.B. McDonald, K. Gamarnik, E.D. Earle (Neutron and Solid
State Physics Branch), H.B. Mak (Queen's University)/
K.A. Snover, R. von Lintig, E.G. Adelberger, H.E. Swanson
and T.A. Trainor (University of Washington, Seattle), and
C.A. Barnes (California Institute of Technology, Pasadena)

A full scale test of the new system of four large
gamma-ray circular polarimeters has been performed. Since
beam was unavailable from the tandem accelerator, radioactive
sources were used to simulate the expected gamma-ray flux.
No statistically significant asymmetry correlated with the
direction of polarization in the polarimeters was observed
after three days of counting. Stray magnetic fields along
the beam path were measured and reduced by y-metal shielding
to a level where beam steering will be negligible. Two
polarimeters and their associated switching circuitry have
been sent to Seattle for measurement of their polarization
sensitivity.

2.5 Measurement of the M2/E1 Ratio for the 2789 keV Gamma
Transition in

A.B. McDonald, J.J, Simpson, E.D. Earle (Neutron and Solid
State Physics Branch), R.G.H. Robertson (Michigan State
University) and H.B. Mak (Queen's University)

The derivation of the parity impurity in the 2789 keV,
J = 1/2" level of 21jje from measurements of gamma-ray
circular polarization (See PR-P-127: 2.4; AECL-7102) depends
sensitively on the M2/E1 ratio for the gamma transition
from this level to the ground state. This ratio has been
calculated to be 0.13 (D.J. Millener et al., Phys. Rev. C18
(1978) 1878) but has not yet been measured. A preliminary
experimental run was performed whic'.i indicates that the
M2/E1 ratio can be determined by measuring the branching
ratio for pair emission. An experiment to measure this
branching ratio is in preparation.

2.6 The Lifetime of the 1.04 MeV, 0* Level in 18F

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

The experimental Doppler broadened y-^ay lineshapes
obtained previously (PR-P-126: 2.5; AECL-7055) have been
analyzed with an improved version of the program that
computes lineshapes. The modifications were required in
order to calculate the small shape changes produced by fast
(T < 10 fs) decaying recoils. The calculated lineshapes
took into account the initial velocity distribution of the
18p ions, the y-ray detector response function and the
swelling of the target layer. A summary of the results is



given in Table 2.6.1. The weighted average, T = 3.5 ± 1.0 fs
obtained from a sum of the X^ plots is to be compared with
the value T = 2.0 + 0.9 fs obtained (PR-P-126: 2.5; AECL-7055)
from the centroid analysis. These results given an average
of T = 2.7 ± 0.7 fs in excellent agreement with the recent
value 2.7 ±fi*§ fs (Keinonen et al. Phys. Rev. C22 (1980)351)
determined at low velocity via the 18O(p,n) reaction.

Table 2.6.1

Summary of the Lineshape Analysis for the
Lifetime of the 1 8F, 1.04 MeV Level

Target

Au

Au

Nb

Zr

AX,

Dose
(1021/m2)

3 . 1

4 . 0

7 .0

4 . 0

4 . 1

x2

1 . 4

0 . 8

1 . 1

1 . 5

2 .0

1.3

3

5

3

. 8

. 2

.5

<

<

<

T
( f s )

+ 1 . 4 ( 0 .
+ 1 . 2 ( 0 .

+ 1.7(1.
- 3.5(-3
2 .4 (<2

3.0 (<2

3.5 (<3

7)a)

8)

1)
.5)
.0)

6)

2)

Average13 * (x2=1.6) 3.5 ± 1.0(0.5)

^Values in brackets are statistical errors only.
w S e e text.

2.7 Lifetime Measurements of Levels in F Below 4 MeV Excitation

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

18
The mean lifetimes of several levels in F have

been measured by the Doppler shift attenuation method and
the inverse reaction 3He(16o,p)18F. A 19.4 MeV 1°O3+ beam
was used to bombard thin metallic foils of A£, Au and Nb
implanted with 35 keV 3He ions from the Chalk River 70 kV
isotope separator. Protons were detected in a AE-E telescope
positioned at 0°. Coincident Y rays were detected in a 100
cm3 Ge(Li) detector also situated at 0° to the beam. The
method is the same as previously described (PR-P-122: 2.12;
AECL-6852).

The beam energy was chosen to maximize the yield to
the 3.06 MeV; 2 +, T=l level in 1 8F. The lifetime of this
level is of particular interest in determining neutron and
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• proton transition matrix elements for the triplet of lowest
isobaric states in mass 18. A value of T < 1.4 fs was
obtained from a preliminary analysis of the data in agree-
ment with the previous limit T < 1.5 fs determined by
capture (Rolfs, Can. J. Phys. 5J) (1972) 1791).

The lifetime (T -v 1 ps) of the 1.70 MeV level in 18F
was also measured in this experiment and the values deduced
agreed within 5%. This result confirms the consistency of
the stopping powers used to analyze the data for the 1.04
MeV, 0+ level (PR-P-126: 2.5; AECL-7055).

2. 8 An Investigation of the Porosity of He Implanted Ail Foils

T.K. Alexander, J.S. Forster and H.H. Plattner (Solid State
Science Branch)

Recent measurements of very short nuclear lifetimes
by DSAM and inverse reactions with -̂ He implanted metal
foils (see PR-P-125: 2.5; AECL-6956) have prompted us to
investigate further the target properties. In particular,
we have attempted to measure the porosity of the 3He implanted
region of A& foils by observing abnormal straggling of par-
ticles (B.H. Armitage, J.D.F. Ramsay, and F.P. Brady, Nucl.
Instruments and Methods 149 (1978) 329) after travelling
through the implanted layer. In principle the pore sizes
could be determined from our previous swelling data. In
the present investigation, 3He implanted Al targets were
bombarded with ^ 5 nA beams of protons with energies above
the Ep = 1183 keV resonance in 27A«. (p, 0to) 24Mg. The elasti-
cally scattered protons and the alpha particles from the
reaction were detected at 150° to the beam with a high
resolution (12.5 keV) silicon surface barrier detector, in
the first experiment a pure hi. foil, ^ 50 vim thick, was
compared with a similar foil implanted with 35 keV 3He ions
to a dose of 4 x 1017/cm2. The full widths at half maximum
of the ao-particle energy spectra were measuret for each
target foil for bombarding energies corresponding to the
resonance yield coining from Al atoms near the peak of the 3He
depth distribution. Although resolution differences were
observed, the foils were also found to have different O and
C surface contaiiinations which complicated the interpretation
of the data. It was also found that the ?He could be detected
by observing the protons backscattered by the 3He.

A second experiment used an &£ foil with a graded
iir̂ lant dose of 0, 2, 3, and 4 x 1017/cm2 approximately.
Since the porosity would be expected to increase with
increasing dose, comparisons of regions within the same
foil differing only in dose should be quite sensitive.
Within the statistical accuracy (~3%) of the width measure-
ments no difference with dose was*observed when Ep was 8 and
13 keV above the energy corresponding to resonant yield
from the surface. The yield at Ep = ER + 8 keV corresponds
to a contribution from atoms from the peak of the 3He dis-
tribution to 3 keV, behind it. Further analysis is in
progress.
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2.9 • NE213 Neutron Counters as a Detector in Studies with Inverse
(-*He,n) Reactions

M.G. Steer, T.K. Alexander, J.S. Forster, G.C. Ball and
R.L. Brown

Four neutron detectors have been assembled and
tested. Each detector consists of a 12.7 cm diameter by
12.7 cm long NE213 liquid scintillator optically coupled
to an EMI 9823 14-stage photomultiplier. The photomultiplier
is surrounded by a cylindrical magnetic shield and the whole
assembly electrically isolated from an aluminum container.
This allows the detector inside the container to be at the
cathode voltage.

Tests, with a Pu-Be neutron-gamma ray source, have
been done to determine the detector performance in dis-
tinguishing between pulses arising from neutrons and from
gamma rays. The electronic pulse-shape discriminating
circuits produced a two-peak spectrum; one peak correspond-
ing to Y events, the other neutron events. For all pulses
greater than Ey = 40 keV, the peak-to-valley ratio of the
spectrum of pulse shapes was about 7:1 for three of the
detectors and 17:1 for the best one.

Three of the detectors have been mounted as a cluster
with each detector's centre on the apex of an equilateral
triangle. This detector cluster will be used as a large,
efficient neutron detector to obtain coincidences with a
Ge(Li) detector for the study of lifetimes of levels
excited by inverse (3He,n) reactions.

2.10 Evidence for Enhanced Transition Rates in the Feeding of
High Spin States in 147Ga Produced by 124Sn(2 8Sj,5n)14?Gd

D. Ward, H.R. Andrews, N. Rud (Aarhus University), P. Taras
(Universite de Montreal) and J. Keinonen (Queen's University)

We have studied y-ray multiplicities of the continuum
y-rays feeding high spin states in 147Gd, which taken
together with previously measured feeding times (B. 3aas et al.,
to be submitted to Nuclear Physics 1980) provides information
on the collectivity involved in the feeding paths. Results
for sidefeeding are given in Table 2.10.1. If We take
Ey = 800 keV (i.e. yf/k

2 = 135 MeV"1) to be the lowest energy
transition in the sidefeeding cascade leading to spin 51/2
then the average B(E2) ? 120 W.u.

We have also examined the change in the multiplicity,
<M>, associated with the 976.6 keV transition (65/2-»• 61/2)
between 130 and 145 MeV bombarding energy for which corres-
ponding recoil distance curves exist (loc. cit). For the
976.6 keV transition we found at 130 MeV, <M> = 10.5±1.3 and at
145 MeV <M>= 21.3 ±2.5 (cf. comments (a) in Table 2.10.1). The
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delay (rf) caused by these additional 10.8 ± 2.8 transitions
could be obtained from the shift of the decay curves, and
we found a total cascade time, Tf < 1 ps. The 145 MeV data
for the 976.6 keV transition provided another measure of
the feeding properties; correcting for transitions between
discrete states lying between the state fed by the 976.6 Y-ray
and the 49/2 isomer we found <M> = 15,5 ±. 2.5 with a feeding
time directly obtained from the decay curve, namely tf <8 ps.
These results are summarized in Table 2.10.2.

From study of the Y-spectra we can conclude that at
high spin the average moment of inertia in the conti nuum was
2j//h2 = 165 ± 20 MeV"1, and hence for the cascades termina-
ting at both spin a> 85/2 and 65/2 (cf. Table 2) the average
reduced transition probabilities, B(E2)'s exceed ̂  25 W.u.
These data demonstrate that there must be a population of
collective states lying above the yrast line at spins as low
as J ̂  51/2 and either on or above the yrast line at spins
of J ̂  65/2. We do not have enough information to suggest
what the structure of these states might be.

Table 2.10.1

Multiplicities for y-ray transitions above the
765 ns isomer in 147Gd[124sn(28Si,5n) at 130 MeV]

Spin

(53/2+)

(51/2+)

(57/2")

Transition
Pair
(keV)

IBS. 9
1103.4

373.1
919.1

304.9
808.9

Y ray
Multiplicity

<M>

12.40
11.93

11.75
11.3

12.14
12.42

±
+

±
±

±
±

0.35
0.56

0.62
0.9

0.39
0.57

Side feed
intensity1 ' '

21 ± 2%

26 ± 2.5*

16.5 ± 1.7%

Multiplicity
of side feed

10

10

13

2 ±

0 ±

9 ±

3 . 0

3 . 9

3 .7

Mean l i f e b )

time for side
feed (ps)

< 4.5

< 1.5

< 15

. .Not including the decay of the 760 ns isomer.
Prom recoi l distance decay curves ( loc. c i t . ) .

Table 2.10.2

Summary of Cascade Feeding Properties

Final
Spin

51/2

65/2

^ 5 / 2

Number of
Transitions

10 ± 3.9

15.5 1 2.5

10.8 ± 2 . 8

Total Cascade
time (ps)
Ref. [ l ]

< 1.5 a>

< 8 b >

< 1 O >

a)
b)
Analysis of side feeding (y371.1, Y919.1) at 130 MeV

"'Decay curve for Y976.9 at 145 MeV
Shift of decay curves for Y976.9 between 130 and 145 MeV
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2.J1: Average g-Factors for High Spin States in Dy

D. Ward, H.R. Andrews, 0. Hausser, N. Rud (Aarhus University),
P. Taras (Universite de Montreal), J. Keinonen (Queen's
University), M. Neiman, R.M. Diamond and F.S. Stephens
(Lawrence Berkeley Laboratory)

We have measured average magnetic moments for
states lying on and above the yrast line in the nucleus
156py populated in the reaction

 24Mg ^136Xe,4n)156Dy at
various input angular momenta. The ^J^Xe beam was obtained
from the Berkeley SuperHILAC. Results are suTtiarized in
Table 2.11.1.

Table 2.11.1

Summary of Results

Incident
Energy
(MeV)

650

570

455

Multiplicity

19.

14

10.

5

3

0

± 1

± 0

± 0

0

5

6

Entry
J

36

26

15

Spin
(h)

Calculated21'

(mrad)

69

78

83

Meas ured
*

(mrad)

39 + 7

3 4 + 4

16 ± 10

0.

0.

0.

g

56+0.

44 ±0.

19+0.

10

05

12

Estimated0

22

19

12

a)From the field calibration, the mean entrance energies into the iron
layer (4.24 ± .12 mg/cm2) were 268, 208 and 183 MeV respectively.

Least squares average of the 2 , 4 , 6 , and 8 ground band states.
c)Estimated centroid of the spins of states contributing to precession

(cf text and fig. 2.11.1).

We have applied a model of feeding to estimate the
spin regions along the cascade that contributed most to
the continuum precession. Although this is a very com-
plicated question, the main parameters were fixed by the
y-ray multiplicities and by the lifetime and feeding time
data measured for this reaction (D. Ward, H.R. Andrews,
0. Hausser, Y. El Masri, M.M. Aleonard, I. Yang-Lee,
R.M. Diamond, F.S. Stephens, and P.A. Butler; Nucl6_Phys. ,
A332 (1979) 433). Above spin 20 we have taken (jj^R ) a v = 125 MeV
and Qo = 7.0.barns, below spin 20 we used the known properties
of the ground state band (Ward at al., Nucl. Phys. A332
(1979) 433; H.R. Andrews et al,, Nucl. Phys. A219 (1974) 141.
Results are shown in Figure 1.

For entry spins J = is 4i there would be strong
population of states in the vicinity of the crossing
(H.R. Andrews et al., Nucl. Phys. A219 (1974) 141) at spin
16 of the ground band by a band which is believed to have a
neutron aligned character, and predicted to have near zero
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Fig. 2.11.1
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• g-factor at spin 12-16 Ti. It should be remembered that
states above the yrast line as well as thase on it are
being sampled. Some reduction of the g-factor would be
expected for this spin region from the predominance of
neutron aligned states there, and this is indicated by
the data. At the higher entry spins, the average g-factor
has recovered to or may even exceed the 2+ value. At some
spin, this behaviour is expected from the breakdown of
proton pairing and the occurrence of .aligned proton bands,
which should become yrast for J > 26 Ti. We interpret the
cause of the present rise at spins of only J % 20 TI to be
the population of aligned proton bands lying above the
(neutron aligned) yrast line, which are not observed in
discrete line spectroscopy.

2.12 Crystal Blocking Lifetime Measurements for Fission
19

Fragments from F Bombardment of Ta

J.U. Andersen (Aarhus University), J.S. Forster, I.V. Mitchell
(Solid State Science Branch), and K. Reichelt (IFF,KFA Julich)

Previous crystal blocking lifetime measurements
(J.U. Andersen et al. K. Dan. Vidensk. Selsk. Mat.. Fys. Medd.
40 (1980) 7) concentrated on fission produced by 12c and !6o
bombardment of single crystals of natural W. These
measurements suffer from the disadvantage that tungsten
has four stable isotopes, resulting in the formation of four
Pb compound nuclei with different excitation energies.' With
a single crystal of Ta, which is monoisotopic, we are able
to study one compound Pb nucleus (20°Pb) by bombarding the
crystal with 19F ions.

The experimental apparatus was similar to that used
previously and consisted of two 2-dimensional position
sensitive counters positioned at 168° and 130° on opposite
sides of the beam. The crystal was cooled to liquid
nitrogen temperatures to reduce thermal vibrational motion
of the lattice atoms. The crystal has a <100> axis normal
to its surface and axial blocking patterns were observed by
alternately directing this axis at each detector. The
crystal was oriented with a (100) plane along the recoil
direction in order to enhance the "flux peaking" effect in
the centre of the blocking dip for any long-lived component.
The angle between the two detectors (62°) is such as to
allow the observation of a <210> axial blocking pattern in
one 2-dimensional detector while observing the <10Q> blocking
pattern in the other. Measurements were made for I"F beam
energies of 90, 95, 100, 105, and 110 MeV.

Analysis of the data is in progress.
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2.13 . Blocking Lifetime Measurements for Fission Fragments from
97 MeV 16p Bombardment of Tungsten

J.U. Andersen (Aarhus University), J.S. Forster,
E. Laegsgaard (Aarhus University, and I.V. Mitchell (Solid
State Science Branch)

In our previous fission lifetime measurements
(J.U. Andersen et al. K. Dan Vidensk. Selsk. Mat. Fys.
Me3d. 4_0 (1980) 7) we determined mean lifetimes for spin-
delayed fission by comparing experimental and calculated
intensity patterns for blocking in single crystal tanjots.
The experimental data are analyzed by taking a circular line
integral about the blocking minimum. This procedure improves
statistical accuracy near the intensity minimum (axial
blocking dip) but averages out any structure in the intensity
contour that may be associated with the recoil motion of the
compound nucleus preceding fission.

We have collected data under experimental conditions
where non-equilibrium trajectory effects might be evident,
viz. from our thinnest W crystal (57 tm) cooled to near
liquid nitrogen temperatures where thermal vibration of
the crystal atoms is reduced significantly. Data were
collected over a 24-hour period in a 2-dimensional position
sensitive detector situated at 168° to the beam direction.
Analysis of these data is under way.

A second aim of the experiment was to test a new
2-dimensional Si' detector 34 mm x 34 mm and 3 00 vm thick.
The detector performed well for 40 MeV ^O elastic scattering
from a W single crystal but, predictably, is unsuitable
for fission blocking measurements since scattered projectile-
like ions (M -v 16) and fission fragments deposit comparable
amounts of energy into the counter.

2.14 Measurements of 6-delayed Gamma Rays Following 0

Bombardment of 1 8 2W and 1 8 3W

J.S. Forster and N. Rud

In the statistical model interpretation of crystal
blocking lifetime data (J.U. Andersen ot al., K. Dan.
Vidensk. Selsk Mat Fys. iledd. 4_0 (1980) 7) it is assumed
that fission, neuti on and gamma decay are the main modes
of decay of compound nuclei formed in 16O + W and 12c + w
reactions. In order to check the validity of these assumptions
we have made measurements of ^-delayed gamma rays following
16O bombardment of 182w pnd 183w,

Targets of 1 8 2W0 3, <v 1.0 nig/cm
2, evaporated onto,,

7 mg/cm2 A £ foils were bombarded, for 30 minutes, with 0
beams of 87, 92, 97 and 102 MeV. Two, independent, 20%
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efficient Ge(Li) detectors were used to follow the decay of
the residual nuclei produced in this reaction. Dead time
corrections were made with a rate dependent pulser by coun-
ting the number of pulses presented to the ADC and the number
in the gamma-ray spectra. Similar measurements were made for
1 60 bombardment of 183w at beam energies of 97, 102, 107 and
112 MeV.

The decay channels 3n, 4n, 5n, 6n, 3np, an, a2n, a3n,
and a4n were observed for *-°O bombardment of 182w. it was
possible to separate 3np and 4n reactions under the assump-
tion that the 3np channel leads to high spin states in 19^T£
which decay to the 0.30 MeV, (7+), isomer in 194TX,. For 16o
it was also possible to separate 4np and 5n in this way.
Although the major decay proceeds through the xn reactions,
the other decay channels are not insignificant and these
measurements should help to determine better parameters for
use in the statistical model calculations.

Analysis of the data is in progress.

2.15 Calculation of Gamma Decay Widths

J. C. Hardy

Recent PXCT measurements (e.g. see PR-P-126: 2.18;
AECL-7055 and PR-P-125: 2.18; AECL-6956) have indicated
that <Ty> values for excited states of nuclei far from
stability do not follow phenomenological systematics
established from measurements at the neutron capture thresh-
old in nuclei near stability. To investigate the significance
of this observation, Y~decay widths are being calculated
with a consistent technique for both classes of nuclei, a
preliminary conclusion being that the discrepancies measured
for 6<>As, '3Br and 115i may well be the result of significant
deformation in these nuclei.

The calculations follow the lines we have used before
(P. Asboe-Hansen et al., Nucl. Phys. to be published; see
also Bartholomew et al., Advances in Nucl. Phys. 7_ (1973)229)
except that special pains are being taken to ensure that the
y-ray strength function reflects the measured photo-neutron
cross-section data (Berman & Fultz, P.ev. Mod. Phys. 47_
(1975) 713) and that the level density parameters properly
reproduce the measured neutron capture level spacing
(BNL-325, Fourth edition, to be published). Preliminary
results show that good agreement (within a factor of 2 or so)
is obtained to <Ty> values for spherical nuclei near
stability. The discrepancies for the three remote nuclei
already mentioned are cdmparable to those observed for
deformed nuclei; there are also other spectroscopic arguments'
indicating that all three are indeed in regions of deformation.
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If Lorentzian strength functions are assumed, a
simple expression has been derived relating <Fy> to the
deformation parameter (3. This is clearly inadequate to
explain the observed effect both far from and near to
stability, thus suggesting that in the low energy region
the strength function is not a simple Lorentzian.

These studies are continuing with a view to
extracting the deformation £5 from measurements of <Ty>.

2.16 Branching Ratio in the Beta-Decay of °Ha

E.T.H. Clifford, P. Burchat, J.C. Hardy, H. Schmeing (Neutron
and Solid State Physics Branch), E. Hagberg, V.T. Koslowsky,
E.E. Azuma (University of Toronto), and H. Evans (Queen's
University)

We have measured the ratio of the intensity of the
4.438 MeV beta delayed alpha particle group to that of the
1.634 MeV beta delayed gamma transition in the decay of
20Na. The 20ua source (t̂ s = 446 ms) was produced by the
on-line isotope separator in conjunction with the tandem
accelerator. The low background in this method of production,
combined with the ability to deposit the activity in a well
localized spot, has allowed us to improve the precision of
this ratio by a factor of 5 over the previous measurement.
(D.F. Torgerson- et al. Phys. Rev. C£ (1973) 161). In addition,
we have been able to see several new beta branches in the
decay of 20jja.

The ratio of efficiencies of the alpha and gamma
detectors was calibrated with a 212Bl source obtained from
the emanating thorium source. Our final result is
Ny/Na = 28.88 + .53. From this we deduce the ft-value for
the beta decay to the analogue state in 20Ne (Ex .= 10.278,
jit. T _ 2+; 1) to be log ft = 3.476 + .009. By combining
this ft-value with our beta-neutrino angular correlation
measurement we will be able to deduce a value of the weak
vector coupling constant, Cv.

2.17 Production of Proton Radioactive Nuclei with the Chalk River
Tandem Accelerator

U.J. Schrewe, J.C. Hardy and H. Schmeing (Neutron and Solid
State Physics Branch)

So far self-delayed proton decay has been observed
only in the decay of the high spin isomer 53mCo (Phys.
Lett. 33B, (1970) 281) . The ground states of very neutron
deficient isotopes are also expected to be sources of proton
radioactivity. Several attempts have been made in the last
few years to demonstrate proton ground state radioactivity
of nuclei witii Z > 50 by using compound nucleus reactions
(e.g. at GSI) as well as high energy proton spallation
reactions (e.g. at ISOLDE).
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In order to investigate favourable conditions for
the production of proton activity in the Z < 50 region a
comparison was made between the lightest compound nuclei
that can be produced with the tandem accelerator and the
proton drip-line predictions of various mass formulas (Atomic
and Nuclear Data 11_, 1976) . For a systematic overview
calculations of production cross sections and estimaticns
of the e:.pected Coulomb delay time for prot~n emission have
been done. The region 29 <_ Z < 39 seems to be the most
favourable for the production of proton radioactive nuclei.

The lightest compound nuclei for even Z are charac-
terized by Tz=0 in this region. The different mass formulas
predict proton unbound isotopes with T2=-l/2 (Liran, Zeldes
and Janecke, Eynon) and Tz=-3/2 (Meyers and Groote, Hilf,
Takahashi) for odd elements. These nuclei can hj produced
in the 2np and 4np evaporation process with cross sections
of roughly 100 ub* and 1 \xh , respectively.

Because of the low Z-value, the partial half-life
for proton decay is very strongly energy dependent. If
the energy available for proton decay is too low then pro-
ton decay cannot compete favourably with 0 decay; if it is
too high then the proton lifetime becomes very short. Thus
only with in-beam detection (similar to PR-P-112: 2.12;
AECL-5696) can a sufficiently broad range of transition
energies for proton decay (the energy window) be obtained.
A window lying between 300 keV and 500 keV is predicted
for Y(Z=39) assuming 10~6 s for the shortest detectable
half-life and 10% for the minimum observable p/g-branchin';,
ratio. From the slope of the predicted mass surface, a
proton energy Jn the range of 0-1 MeV is expected, so that
the narrow experimental energy window given above leads to
a less than 20% chance of observing ground state proton
decay for any given case.

2.18 Status of the Isotope Separator

H. Schmeing (Neutron and Solid State Physics Branch),
J.C. Hardy, E. Hagberg, W,L. Perry and J.S. Wills

The Isotope Separator had its first on-line beam on
1979 April 20. Now, after more than 15 months of testing
and on-line use in various experiments, its general per-
formance characteristics are well established. On the
occasion of the Tenth International Conference on Electro-
magnetic Isotope Separation (EMIS 10) in Zinal, Switzerland,
we presented - for the lirst time - a detailed description
of the design and performance parameters of our system.
The following table summarizes the measured characteristics.

*1 b = 100 fm2
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Table 2.18.1

Basic Properties of the Separator

Dispersion,

Enhancement,

d M/AM

'•'fw

ciw cfp

Resolving Power, at FWHM

2250 mm

>_ 10 at M=20

>_ 2.105 at M=100

3500, FEBIAD source,
1 mm orifice

6500, FEBIAD source,
.2 mm orifice

80 00 Bernas source

Mass Range, M m a x M
 M

min

Beam current

Transmission

Separable masses at 70 kV

15%

2 yA FEBIAD source

20 mA Bernas source

a 6 0% FEBIAD source

= 95% Bernas source

1 < M < 300

Special emphasis was placed on recent measurements demonstra-
ting the effect of the quadrupole (a) and sextupole (6) cor-
rective coils. The quadrupole coils allow the image point to
be shifted by ±40 cm, whereas the sextupole corrective co:' Is
allow second order magnet aberrations to be minimized. Al-
though several separators are now equipped with correction
coils, no results have previously been reported.

The FEBIAD source, so far our only on-line ion source,
has proven to be the best all-round on-line source available.
Although it is universally useful for long-lived isotopes
of elements with a high vapour pressure at 1900°C (the cold
spot temperature of the source), the source efficiency can
decrease dramatically with decreasing lifetime of the obser-
ved isotope. Table 2.IS.2 gives recent results obtained
at Chalk River and GSI (Darmstadt).

Table 2.18.2
FEBIAD Source Production Efficiencies

Isotope

h/2

e[%]

107ln

32m

18

103In

65s

.5

64Ga

64s

30

63Ga

32s

3

62Ga

.12s

.1

73Br

3m

100

72Br

1.2m

11

71Br

17s

1
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The decreased efficiency for short-lived isotopes
is linked to the slow release of the observed activity from
the solid catcher, usually low density graphite, and
demonstrates the need for new fast release catchers (should
they exist), or - alternatively - gas catchers.

2.19 Isotope Separator Operation

H. Schmeing (Neutron and Solid State Physics Branch),
J.C. Hardy, W.L. Perry and J.S. Wills

The isotope separator was not used for on-line
runs during this report period. Instead it was used,
almost continuously, for various tests. In preparation
for a report on the performance of the instrument (see
section 2.18), the effect of the size of the extraction
orifice of the FEBIAD source on the overall instrument
resolution was studied. Also, the effect of the quadrupole
corrective coils on the position of the image was measured
with the Bernas source.

In preparation for the precision Q-value measurements
(see section 2.21) a number of 26Mg-targets were implanted
with 14N.

Finally, the overall transmission of the instrument
for Ni was determined to be 3%. The Ni was fed into the
oven of the Bernas source as NiCl2 and collected without
retardation on a plate in the focal plane of the magnet.

2.20 Mass Difference Measurements with the Isotope Separator

K.S. Sharma, J.C. Hardy, H. Schmeing (Neutron and Solid
State Physics Branch), W.L. Perry and J. Sharp

A technique for the determination of mass differences
With the on-line isotope separator has been reported before
(PR-P-122: 2.9; AECL-6582). A more detailed description
was subsequently presented by Palmer et al. (PR-P-123: 2.15;
AECL-6680).

As part of this technique a Fluke 8502, programmable
digital voltmeter is used to measure the accelerating
potential accurately. The interfacing between this instru-
ment and the PDP-10 computer (which is used to control the
experiment) is now nearly completed. It is anticipated
that off line tests of the experiment (with the C0-N2 mass
doublet) will be undertaken soon.

Additionally, the ion-optical properties of the
isotope separator are being studied by means of a Fortran
program written by K. Kaiser of the Argonne National
Laboratory. With the aid of this program the geometrical
parameters of a spherical electro.-;tatic sector, required to
convert the isotope separator into a double focussing mass
spectrometer, are being evaluated. Such a modification would
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• increase the resolution and hence the precision of mass
determinations considerably. The effects of small changes
in the a and 6 parameters (cf.Sec. 2.18) of the magnetic
field on the ion optical aberration coefficients of the
isotope separator are also being evaluated.

2.21 Targets for Precision Mass Measurements on the QD3
Spectrometer

V.T. Koslowsky, J.C. Hardy, J.L. Gallant, W.L. Perry and
H. Plattner (Solid State Science Branch)

Our program of precision Q-value doublet measurements
(see PR-P-123: 2.19; AECL-6680) requires composite targets
involving pairs of the following isotopes: l^N, 26j4g, 34sr
38Ar, 42Ca, 46Ti, 50cr and

 54Fe. The first measurement
utilized a compound target prepared by evaporating a
60 ug/cm2 adenine film (C6H5N5) on a 50 ug/cm2 self-supporting
26Mg foil (see PR-P-12 6: 2.15; AECL-70 55). To establish
that energy losses from target thickness effects can be
properly accounted for, the Q-value difference obtained
from a layered target can be compared to that obtained from
a more homogeneously mixed 26Mg-14N target. Implanted
targets provide the best way of approximating a homogeneous
target.

To date up to 10 atoms/cm of N and Ar ions have
been implanted at 40 keV into 26Mg substrates with the
Isotope Separator in its off-line mode. Later tests with
2 MeV alphas backscattered from these foils indicated that
the Mg retained all of the implanted atoms.

18 2
Implanted targets with greater than 10 atoms/cm

require preparation by a sandwich technique in which a thin
Mg film is evaporated onto the target surface between
several successive implantations. An evaporation facility
to be located at the isotope separator focal plane has
been designed and is being built to prepare these high
dose targets. These targets will be used in the precision
mass measurement experiments on the QD3.

2.22 Spark Arrester for the He-jet-source

I. Blevis (University of Toronto), H. Schmeing (Neutron
and Solid State Physics Branch), J.C. Hardy and V.T. Koslowsky

The first stage of a spark arrester for the
pumping line to the He-jet-skimmer ion source (PR-P-126:
2.19; AECL-7055) has been built. It consists of one pair
of photo-etched grids (5 mm gap) of large diameter (11 cm),
mounted into support structures carefully designed in view
of their high voltage properties. First tests indicate
that the breakdown voltage of this structure in a He
atmosphere is about one order of magnitude lower than that
of very similar systems with solid electrodes. Because of
the importance of reducing the total number of grids
employed in a flash arrester through which gas has to be
pumped, more detailed tests are planned.
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2.23 Double Spectator Pole Studies of the 6Li + 6Li •* 2a + 2d
Reaction

G.C. Ball, W.G. Davies, J.s. Porster and R.E. Warner,
B.A. Mason (Oberlin College)

Analysis of the double coincidence data (PR-P-126:
2.4; AECL-7055) has been completed. Strong enhancements
resulting from double spectator poles were observed at
several geometries in both d-d and a-a coincidence spectra.
The double spectator pole peak locations agreed well with
those predicted by kinematics. However, the peaks were ex-
tremely sharp, often having only one fifth of the width pre-
dicted by plane wave impulse approximation calculations.
These results probably indicate that only a + d clusters
with small momenta participate in the reaction.

2-24 The Injection Beam Transport System for the Chalk River
Superconducting Cyclotron

W.G. Davies and A.R. Rutledge

As a result of problems identified during the de-
tailed mechanical design of the injection line (See PR-P-126:
2.23; AECL-7055) and the detailed design of the high energy
buncher, more elaborate calculations of the transmission and
beam properties of the MP tandem have been mac'.e. These
calculations indicate that the transmission and the emit-
tance of the tandem are larger than experience indicates.
Thus there was some question whether or not the injection
line could accept the largest emittance beam that the
tandem could theoretically produce. (The largest emittance
assumed in the design was 4ir mnv.mrad.) Recent calculations
indicate that the beam transport system can transmit a
beam with an emittance of 6ir mtn-mrad, a value that is con-
sistent with the maximum theoretical transmission of the
tandem. Actual measurements of the emittance (See PR-P-114:
2.13; AECL-5845) for light ions indicate that the transmission
of the tandem is actually less than the value of 4ir mm'mrad
used for U-3, the worst case.

Problems with the design of the high energy buncher,
namely the very high gap voltage required (̂ 80 kV) for high
enirgy light ions has led to a thorough analysis of the
bunching problem. A consistent first order theory of
bunching including ion source noise and stripper straggling
has been developed. The non-linearities associated with
a harmonic buncher have also been investigated along with
second order effects. The effective length of the tandem
from the low energy buncher to the centre of the stripper
and from there to the high energy end of the tandem have
also been recalculated as accurately as possible. The
results of this analysis have been used to calculate the
properties to first order of the beam from the low to the
high energy buncher resulting in more accurate information
for the high energy buncher parameters thar was previously
available.
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2.25- CAMAC Modules for the SCC Control System

R.B. Walker, R.L. Graham, N.B. Pham, L.D.J. Hansen
(Mathematics & Computation Branch), B,F. Greiner and
J.B. Jones (NRX Reactor Branch)

In addition to the test modules already built
(PR-P-125: 2.29; AECL-6956 and PR-P-126: 2.25; AECL-7055)
a second stepping motor controller test module has been
constructed and checked. All eight existing stepping motor
controller (SMC) modules have been tested. The SMC test
procedure is now ready for quality control of the large
number (̂ 90) of SMC modules that are anticipated in the
final control system.

The program for testing status pulse output (SPO)
modules has been completed. It has been used to test the
nine SPO modules currently available; about one hundred or
more SPO's are anticipated in the total project.

Five manual input gate output register (11IGOR) units
have been constructed and tested. These simulate every
aspect of their CAMAC module counterparts (IGORs). They
are now available for off-line operating and testing of those
power supplies and other devices that will eventually
communicate with the control system via IGOR modules.

A prototype general purpose interface (GPI) has
been designed and constructed. It is anticipated that units
of this type will be used by, or incorporated in, certain
power supplies and other peripherals for interfacing to
IGORs where it is not practical or economic to design the
features into the peripheral itself. WV>r;ii connected to
one port of the IGOR, the GPI will provide:

1. for turning two power circuits on and off (e.g. main
power and logic power)

2. a latching register with handshake features which will
'remember' the most recent 'data-out' word written to
the IGOR and will acknowledge its receipt

3. a latching register with handshake features for sending
a 16-bit 'data-in' word to the IGOR. The IGOR will be
alerted to read this word whenever any bit of the 'data-in'
word has changed from the desired or previously read value.
Switches for each bit permit comparison of the 'data-in'
word either With a preset value for that bit or with the
previously read value coming from the peripheral.

Future versions of the GPI may also include a digital
to analogue converter for setting the reference of a power
supply. All signals to and from the IGOR are isolated by
optical couplers.
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The use of these GPI boards, or their equivalent, in
power supplies etc. will permit servicing of the IGOR or
other modules in the CAMAC orate without disturbing the
operation of the peripheral.

2.26 Target Preparation Laboratory

J.L. Gallant and P. Dmytrenko

In addition to normal target preparation, a gold
plating bath was set up to electrodeposit a thick surface
of the metal on an already used 3jje implanted target to
study the oxygen blister effect. Several magnesium films
of varying thickness were prepared for argon and nitrogen
implantation with ISOL.

Work done for other branches

Five stainless steel collector plates and thirteen
titanium collector screens were platinum coated on both
sides for the General Chemistry Branch. These screens
and plates are used in the General Electric Solid State
Electrolysis cells.

Work done for Universities

A total of six B targets on tantalum backings
were prepared for Prof. R.E. Azuma of the Department of
Physics, University of Toronto. Several flat, large area
gold films were prepared for Dr. Alan Entenberg of the
Laboratory for Laser Energetics, University of Rochester.
These gold foils will be used in the alpha time-of-flight
diagnostic system.

Commercial Operations

A total_of 500 cracked ethylene, carbon stripper
foils, 3 ug/cm thick, mounted on aluminum rings whose
diameter was subsequently shrunk were prepared in coopera-
tion with the Commercial Operations branch of CRNL. These
foils have been shipped to Commercial Products, Ottawa
where they will be distributed to several research
centres for evaluation. Previously, fifty foils had been
prepared and shipped from Ottawa to Vancouver and back to
establish the adequacy of the shipping container. The
test was successful.

Several stripper foils were also sent to Argonne
National Laboratory where on October 20th they will be
compared with foils from Daresbury, Munich and Argonne.

Development Program

The laboratory is looking into the feasibility of
preparing single crystals of tungsten by vacuum sublimation
on suitable single crystal substrates. If this work is
successful single crystals of valuable tungsten isotopes
will be prepared.
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2.27 ' Computers and Instrumentation

J. Sharp

MIKROS-16 Computer

In early August, the MIKROS-16 CPU assembly was
returned to the manufacturer for installation of the Megamode
Management Module as requested in the original purchase order.
This modification will enable the MIKROS-16 computer to
access up to 8 megawords of 16 bit random access memory.

A 16 channel singles/coincident data scanner inter-
face for the MIKROS-16 System has been built and partly
bench tested. A Display System, which will form part of
the Data Acquisition System is under construction, but is
about 4 months behind schedule because of delays in the
construction of chassis hardware in the workshop.

Detailed drawings for a CAMAC Branch Driver - MIKROS
interface have been completed and construction will commence
shortly.

PDP-1 Computer

During the months July to October, two memory
problems arose, and were corrected. The LA-36 typewriter
interface was modified to overcome some difficulties which
occurred with certain software routines. DEC maintenance
has been unable to fix a long standing fault in the Magnetic
Tape Controller.

2.28 MP Tandem Operation

J.C.D. Milton

The tandem availability was the worst since its
commissioning (including the period of installation of the
Pelletron chains in 1974, but not the voltage upgrading in
1972). The tank was entered five times. The difficulties
appeared to arise from the cracked column member reported in
PR-P-127: 2.28; AECL-7055. This member was returned from
High Voltage Engineering Corporation (HVEC), Burlington,
Massachusetts, after repair and test and re-installed in
the middle of July. Two weeks later it was necessary to
replace a broken spring that had been causing arcing. Then
in the middle of August, during routine maintenance the same
column member was found to be cracked a short distance away
from the repaired section. It was once again sent to HVEC
for repair and was re-installed early in September. A long
period followed during which the transmission seemed
normal at moderate terminal voltages but was exceedingly
small at the rather low voltage required by the 6Li parity
experiment. The cause is still not clear and it was
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necessary to correct a large number of minor faults and undo
several changes before the low voltage transmission returned
to normal.

During the quarter 7 experiments were run involving
CRNL and 10 visiting scientists. The visitors participated
in experiments occupying 89% of the experimental time and
during which they provided 44% of the effort.

Table 2.2 8.1

MP Tandem Availability

Beam Available
Scheduled Shutdown
Unscheduled Shutdown

T O T A L

1 July - 30

Hours

684
936
588

2208

September

%

31.0
42.4
26.6

100

2. 29 4TTY Ionization Chamber

L.V. Smith, K.M. Ophel and J.S. Merritt

Tests have continued with the 4iry ionization chamber
(IC) in its new location and with the Sample changer in place
(PR-P-126: 2.30; AECL-7055). These tests include voltage
plateaux (0.04% per 100 V) and studies of the response versus
sample position. The depth for sample insertion was exa-
mined for each of the three types of IC liners that give
different y-ray attenuation factors. Nuclides used in these
studies were 226Ra,

 51cr, 57Co, 60Co, and 133sa. The data
show that the optimum position is y-ray energy depe:. V~nt
and varies among the liners. Therefore a different depth
for sample insertion has been selected for each liner, and
these positions will be used for calibrations of the response
versus energy. These selections give 0.6% per cm as the
worst position dependence, which is for the liner made of
tantalum plus cadmium and in the low energy region. At
higher energies it is <0.1%/cm for all liners. As the
normally used ampoules are filled to the same height within
= 2 mm, the uncertainty from variations in effective sample
position should not exceed 0.02% except for y-ray energies
< 200 keV. The sample changer itself repositions the same
sample within 1 mm.

2.30 Instrumentation Changes to Automatic Systems

L.V. Smith

A new Motor Driver Unit EB-5894 and a new Shaft Angle
Encoder Unit EB-5928 have been received. These units and
the installation and wiring of a DEC cabinet complete the
required instrumentation for the new automatic sample
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• changer of the 4iry ionization chamber. In the last quarter,
the existing equipment cabinets were replaced by two of DEC
design and the electronic instrumentation for coincidence
counting measurements was relocated and all electronics
rewired to the SUCCESS system.

892.31 y-Ray Emission in the Decay of Sr

J.S. Merritt, K.M. Ophel, A.R. Rutledge and L.V. Smith

89
The fraction of the Sr decay for which 909.2-keV

Y-rays are emitted has been examined, 89sr activity
measurements were made by 4T3 counting. A Ge(Li) spectro-
meter was used for the Y-ray emission rate measurements.
The 834.8 keV Y-ray from 54Mn was the most recent calibration
point obtained for this energy region; recalibration with
46sc (889.3 keV) is planned to obtain a calibration point
that is closer in energy to the 909-keV Y-ray from 89sr.
Our preliminary value for the Y-ray emission probability
is' (9.71 ± 0.24) x 10~5 at a confidence level of 95%. This
is in good agreement with a value measured recently at the
U.S. National Bureau of Standards of 9.65 + 0.29 x 10"5

(private communication from D.D. Hoppes, National Bureau of
Standards), but disagrees by approximately a factor of ten
with recent compilations of nuclear data. These new
measurements will allow Y-ray spectrometry to be used on
the assay of strontium isotopes, which is a problem that
arises in assessment of the purity of some radiopharmaceutical
products.

2.32 Recalibration of Balances

K.M. Ophel and J.S. Merritt

The sub-gram weights from a set of class M weights
were measured with the Mettler ME-22 balance to get
corrections to their normal values. With this calibrated
set the linearities of the optical scales of our three
Mettler M-5 balances were examined. Two of the balances
meet specifications in this respect but the oldest has
deteriorated, and therefore its use will be restricted
to jobs requiring less accuracy. Further tests were done
to obtain weight calibrations for the built-in sets of
weights of the M-5 balances.

2.33 Standards Issued

J.S. Merritt, L.V. Smith and A.R. Rutledge

3H - Ontario Hydro (NPD)

Mn - Environmental Research Branch
General Chemistry Branch
Health Physics Branch
Neutron & Solid State Physics Branch

CRNL
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54

60

63Ni
144

147

243

133

Mn - Reactor Control Branch
Reactor Physics Branch
R.&I.S. Branch
Solid State Science Branch
System Materials Branch

Analytical Chemistry Branch
Environmental Research Branch
Commercial Products Branch

Co - Nuclear Physics Branch

Biomedical Research Branch

Ce - Biomedical Research Branch

Pm - Biomedical Research Branch

Am - Environmental Research Branch

Ba - Analytical Science Branch

2.34 Miscellaneous Services

J.S. Merritt and K.M. Ophel

Sources prepared:

22.

55.

57,

65

82

88

88,

Na - Praetor Control Branch

Fe - Nuclear Physics Branch

Co - Solid State Science Branch

Zn - Health Physics Branch

Br - Nuclear Physics Branch

Y (3) - Nuclear Physics Branch

Reactor Loops Branch

CRHL

WNRE

CRNL

\ WNRE

2.35 Laser Magnetic Resonance

D.R. Smith, J.S. Geiger and J.D. Bonnett

See PR-CMa-54: 3.2.3; AECL-7156

2.36 Dependence of Specific Energy Loss on Foil Thickness

W.N. Lennard, H.R. Andrews, B. Dube, I.V. Mitchell,
D. Phillips, N. Rud, and D. Ward

See PR-CMa-54: 1.2.1; AECL-7156

2.37 Parity Violation in the Photodisintegration of Deuterium

E.D. Earle, J.W. Knowles with A.B. McDonald, J.J. Hill,
K. Gamarnik (Nuclear Physics Branch) and L. Dallin
(Accelerator Physics Branch)

See PR-P-127: 3.19; AECL-7102
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2.38 - Publications and Lectures
a) Publications

MECHANISMS OF THE 6Li(6Li,2a)a REACTION FROM 36 TO 46 MeV
R.E. Warner and W.T. Connor (Oberlin College), G.C. Ball,
W.G. Davies and A.J. Ferguson
Nuclear Physics A341 (1980) 483

PROGRESS AND FUTURE OF MASS MEASUREMENTS AMONG NUCLEI FAR
FROM ^-STABILITY
J.C. Hardy
Plenum Publishing Company, Atomic Masses and Fundamental
Constants 6, (19 80) pg. 515.

THE DECAY OF 35K
G.T. Ewan, E. Hagberg, J.C. Hardy, B. Jonson, S. Mattsson,
P. Tidemand-Petersson and I.S. Towner
Nuclear Physics A343 (1980) 109

DEUTERATED POLYETHYLENE TARGET HOLDERS FOR (n,y) STUDIES
J.L. Gallant and M.A. Lone
Nuclear Instruments and Methods 172 (1980) 601-602

The following abstracts were published in the Proceedings
of the International Conference on Nuclear Physics,
Berkeley, California, 19 80 August 24-30:

49
THE DECAY OF Mn: FIRST RESULTS FROM THE CHALK RIVER
ON-LINE ISOTOPE SEPARATOR
E. Hagberg, J.C. Hardy, H. Schmeing, W. Perry, J. Wills,
E.TJH. Clifford, V. Koslowsky, I.S. Towner, J. Camplan,
B. Rosenbaum, R. Kirchner and H. Evans
LBL-11118, pg. 148

A MEASUREMENT OF THE LOCAL DENSITY OF 3He IMPLANTED METAL
FOILS BY THE DOPPLER SHIFT ATTENUATION METHOD
T.K. Alexander, G.C. Ball, W.G. Davies and I.V. Mitchell
LBL-11118, pg. 233

SEARCH FOR THE GAMMA DECAY BRANCH OF THE SHAPE ISOMER
IN MUONIC 238u
S. Ahmad, G.A. Beer, J.A. McDonald, G.R. Mason, A. Olin
(University of Victoria), 0. Hausser (CRNL), and S.N. Kaplan
(University of California) (LBL)
LBL-11118, pg. 369

NUCLEAR FISSION INDUCED BY ATOMIC TRANSITIONS OF THE MUON
IN 235u and 2 3 8U
S.N. Kaplan, A. Mireshghi, 0. Hausser, A. Ahmad, G.A. Beer,
J.A. McDonald, B.H. Olaniji and A. Olin
±,BL-11118, pg. 370
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' b) Lectures

Seminar delivered at GSI, Darmstadt, 1980 July 02 by
D. Ward:
LIFETIMES FOR VERY HIGH SPIN STATES

Paper presented at the Fifth International Conference
on Hyperfine Interactions in Berlin, West Germany,
19 80 July 21-25 by O. Hausser:
NUCLEAR MOMENTS OF HIGH-SPIN STATES

Invited Talk at "Summer Seminar in Nuclear Theory" held
at Queen's University, KINGSTON, Ontario, 1980 July 31 -
August 02 given by J.C. Hardy:
EXCITED STATE LIFETIMES IN EXOTIC NUCLEI: PATTERNS
IN PANDEMONIUM

Invited Talk given at the Fifth International Symposium
on Polarization Phenomena in Nuclear Physics, Santa Fe,
New Mexico, 1980 August 10-15 by A.B. McDonald:
PARITY VIOLATION IN THE np SYSTEM AT LOW ENERGY

Paper presented at the 10th International Conference on
Electromagnetic Isotope Separators and Techniques
related to their applications, held in Zinal, Switzerland,
1980 September 1-6:
THE CHALK RIVER ON-LINE ISOTOPE SEPARATOR
H. Schmeing, J.C. Hardy, E. Hagberg, W. Perry, J. Wills
(AECL), J. Camplan and B. Rosenbaum (Laboratoire Rene Bernas,
Orsay)

Colloquium delivered at the Universite de Montreal,
1980 September 12 by J. :.D. Milton:
NUCLEAR PHYSICS AT CHALK RIVER: PRESENT AND FUTURE

The following papers were presented at the International
Conference on Nuclear Physics held in Berkeley, California,
1980 August 24-30:

A MEASUREMENT OF THE LOCAL DENSITY OF 3He IMPLANTED METAL
FOILS BY THE DOPPLER SHIFT ATTENUATION METHOD
T.K. Alexander, G.C. Ball, W.G. Davies and I.V. Mitchell

NUCLEAR FISSION INDUCED BY ATOMIC TRANSITIONS OF THE MUON
IN 2 3 5U AND 2 3 8U
S.N. Kaplan, A. Mireshghi, 0. Hausser, A. Ahmad, G.A. Beer,
J.A. McDonald, B.H. Olaniji and A. Olin

Abstract submitted to the 5th International Conference
on Polarization Phenomena in Nuclear Physics, Santa Fe,
New Mexico, 1980 August 11-15: , ,
AN EXPERIMENT TO MEASURE PARITY VIOLATION IN THE H(Y,n) H
REACTION
E.D. Earle, A.B. McDonald and J.W. Knowles
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NEUTRON AND SOLID STATE PHYSICS BRANCH

G. DOLLING

Staff

Phonons in Carbon Disulphide

Crystal Structure of Carbon Disulphide

Lattice Dynamics of Cuo>92Geo.o8

Neutron Scattering from Metallic Glasses

Structures of Antifluorites

Structures of Intercalation Battery Materials

Temperature Dependence of S(Q) for Liquid ''He

Numbers of Bound Water Molecules From Quasi-Elastic
Neutron Scattering

Magnetic Correlations in MnxZni_xTe

Spin Waves in One-Dimensional Antiferromagnets

Magnetic Excitations in DyA&2

The Triple-q Transition in UPd3

Single Crystal Filters for Neutron Beam Experiments

On Simple Methods for Deducing the Vacancy Formation
Energy Ef frcm Positron Annihilation

Vacancy Formation Energies in Stainless Steels

The Direct Measurement of Photo-nuclear Absorption in
Natural Lead

Photofission Measurements in 238U and 232Th

Parity Violation in the Photodisintegration of
Deuterium

N4 External Thermal Neutron Facility

Multi-transition High Energy Gamma-Ray Calibration
Source

Reactor Beam Hole Use

Status of Equipment Construction

Semiconductor Detectors

Ion Chamber Sample Changer

A Fast Furnace for Atomic Absorption Spectrometry

Trace Impurities in CdTe

Miscellaneous Services
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3.29 Glassblowing Services

3.30 Machine Shop Services

3.31 Parity Forbidden Alpha Width of the 3.56 MeV State of
6Li

3.32 Measurement of the "He + D+ 6Li + y Direct Capture
Reaction at Low Energy

3.33 Parity Mixing in z 'Ne

3.34 Measurement of the M2/E1 Ratio for the 1789 keV Gamma
Transition in 21Ne

3.35 Branching Ratio in the Beta-Decay of20Na

3.36 Production of Proton Radioactive Nuclei with the Chalk
River Tandem Accelerator

3.37 Status of the Isotope Separator

3.38 Isotope Separator Operation

3.39 Mass Difference Measurements with the Isotope Separator

3.40 Flash Arrester for the He-jet-Source

3.41 Publications and Lectures
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3.1 Staff

BRANCH HEAD: G. Dolling

Technical Staff Summer Staff

SECTION I

G. Dolling
W.J.L. Buyers
T.M. Holden
S.M. Kim
P. Martel
A.F. Murray (1)
B.M. Powell
E.C. Svensson

SECTION II

J.W. Knowles
E.D.
M.A.

Earle
Lone

SECTION III

J.G.V. Taylor
H. Schmeing

GLASSBLOWING

J.G. Wesanko

DESIGN

W. McAlpin
J. Dunn ! 2)

SOLID STATE PHYSICS

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

J.M. Wylie (3)

NEUTRON NUCLEAR PHYSICS

W.M. Inglis
R.N. King
W.F. Mills

COUNTER DEVELOPMENT

M.A. Gulick
L. Milani
W.F. Slater
R.J. Toone

R.A. Leavitt (4)

S.P. Watkins (5)

WORKSHOPS

A.H. Hewitt
H.C.
K.H.

Spenceley
Whitlock

SECRETARIAL STAFF

D.M. Mitchell (6)
S.G. Lusk (7)

(1) Postdoctoral Fellow from University of Edinburgh,
Scotland (left Branch 1980 September 12).

(2) Seconded from Design and Technical Service Branch.
(3) University of Guelph Student; left August 22.
(4) Trent University student; left August 29.
(5) Queen's University student; arrived May 5, 1980.
(6) Branch Secretary on Maternity Leave until 1981

February 13
(7) Temporary Secretary; arrived August 13.



- 39 -

3.2 - Phonons in Carbon Disulphide
B.M. Powell, G. Dolling with B.H. Torrie (University of
Waterloo)

Measurements of the intermolecular frequencies
in solid carbon disulphide have been continued (PR-P-123,
3.4, AECL-6680) . A new single crystal has been grown
with an (hhS,) scattering plane horizontal, allowing
measurements at the points Z{00§), S(H0) and R(Hi) to
be made. In addition, calculations of the inelastic
structure factors have been made which permit a detailed
interpretation of both the present and earlier
measurements.

At R all five distinct frequencies have been
observed while at Z four of the five frequencies have
been measured. At the S point, three of the five
frequencies have been observed, but their exact inter-
pretation is not yet completely unambiguous. At the
zone centre, r, the low frequency (optically inactive)
mode has also been observed at a frequency l.ll±0.04
TH2. Along the highest symmetry direction, A, the three
acoustic branches have been defined and the lowest
frequency optical branch has also been measured. Two
other optical branches have also been outlined, and
further analysis of the measurements is in progress.

3.3 Crystal Structure of Carbon Disulphide
B.M. Powell, G. Dolling with B.H. Torrie (U. of Waterloo)

Measurements of the temperature dependence of
the crystal structure of solid CSj have been continued
(PR-P-123, 3.5, AECL-6680) by the technique of neutron
diffraction profile analysis. A new specimen of poly-
crystalline CS2 was prepared by cryogrinding the solid
at 77 K and mounting the resulting powder in the cryostat
without allowing its temperature to exceed 90 K. The
polycrystalline quality of this specimen was checked on
the (111) powder peak and found to be excellent.

Powder profiles were measured at 5.3, 30, 77,
100, 125 and 150 K. In the profile analysis of these
data three different assumptions were made for the
dependence of background on scattering angle, (i) a flat
background (i.e. no dependence on scattering angle),
(ii) a background linearly dependent on scattering angle
and (iii) a background dependence characteristic of
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"orientationally averaged" thermal diffuse scattering.
Both isotropic and anisotropic thermal parameters were
used with each background assumption for all six temper-
atures. The best fits to the data were obtained with
assumption (iii) using anisotropic thermal parameters;
but the values of the parameters did not differ from
those found with assumption (ii) by more than the com-
bined errors. The best fit was at 5.3 K (R-factor =
2.4%) and the poorest at 150 K (R-factor = 3.9%). The
analyses confirmed the preliminary results reported
previously. The lattice parameters a and b both increase
by ^5.5% on increasing temperature from 5.3 K to 150 K
while the lattice parameter c decreases by %6%. The
molecular orientation changes by %3° in this temperature
range but the C-S bond length (corrected for molecular
libration) decreases from the value at 5.3 K (1.546±0.007&)
by only >vl%.

3.4 Lattice Dynamics of Cuo. 9 2Ge 0 . 0 e
E.C. Svensson with E.D. Hallman (Laurentian University)

Further analysis of results has been carried
out (see PR-P-126:3.4, AECL-7055). In particular, the
resolution widths were calculated in detail for all wave
vectors studied, and calculations of the intrinsic
phonon widths using a Gaussian-Lorentzian deconvolution
procedure are partially completed. The largest intrinsic
widths, as well as the greatest variations with temper-
ature, are observed near the zone boundaries for the
[O0S]L and [CC0]T2 branches (v^7 THz), at a reduced wave
vector S^0.6 for the [00C]T branch (v^4 Triz), and, some-
what less strongly, at ?%0.6 for the [c.t.O]% branch
(v%4 THz). This behaviour suggests that there may be
special "resonance" frequencies, and it is planned to
investigate this possibility by carrying ou; calcula-
tions of the impurity-induced widths using coherent-
potential-approximation methods.

A new force-constant analysis of all 93 phon-
ons studied at 296 K has also been carried out. The
dominant nearest-neighbour force constants have the
values (in N/m) 1XX = 12.44, 1ZZ = -1.57 and 1XY = 14.69.
The corresponding values for pure Cu (Svensson e_t al.,
Phys. Rev. 1_5£ (1967) 619) are 13.10, -1.42 and 14.82.
Our best estimates of the elastic constants at 296 K
(units 1012 N/m2) are Ci1 = 0.178+0.005, C12 = 0.129±0.006
and Cuit = 0.070±0.003. Cn and Q 2 are about 6% larger
than for Cu, while Cm is about 7% smaller.
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3.5 • Neutron Scattering from Metallic Glasses
T.M. Holden with G.C. Hallam, S. Dugdale and D. Pavuna
(University of Leeds, England)

The first phase of this study has been completed
and a paper containing the results and analysis for
Cuo. 6Zro.it is in preparation. Further work on this
material is contingent upon preparation of isotopic
samples. (See PR-P-125: 3.4, AECL-6956)

3.6 Structures of Antifluorites
R. Morra, R.L. Armstrong, M. Sutton, B.M. Powell and
W.J.L. Buyers with R.M. Cassidy (General Chemistry)

Polycrystalline (NH,j2SnBr6 was synthesized
from SnBri,, NH^Br and HBr. Powder data were collected
at the L3 spectrometer. A new version of the Rietveld
program for profile analysis of diffraction peaks has
been developed. The method involves rewriting a
subroutine that specifies the symmetry elements and
permits entire molecular units to be rotated through
angles to be determined by the data.

3.7 Structures of Intercalation Battery Materials
W.J.L. Buyers and B.M. Powell with J.R. Dahn and
R. Haering (University of British Columbia)

A new high temperature technique has been
developed for the production of layered transition metal
chalcogenides intercalated with lithium. Powder
diffraction data have been collected at the L3 neutron
spectrometer at the NRU reactor on three of the new
materials, LiTiS2, LiHfS2 and LiZrS2 . These structures
exhibit 3R-type staging in which the repeat distance in
the stacking direction (c-axis) corresponds to three
layers of the TiS2 sandwich. In the basal plane the
repeat distance corresponds to a distance /J times as
long as in pure TiS2. With respect to the TiS2 struc-
ture extra reflections appear, characterized by a wave
vector of the form Qp = (1/vT, 1/ vT, 1//T), and give
rise to an extremely rich powder pattern.

3.8 Temperature Dependence of S(Q) for Liquid **He
E.C. Svensson and A.F. Murray

New measurements of the total neutron scattering
by liquid ""He have been carried out using the L3
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spectrometer operated in its two-axis mode. In these
studies the temperature was set and controlled by using
a new pressure transducer system to monitor and adjust
the vapor pressure above the liquid ''He. The vapour
pressure could be controlled to +0.01 mm which, in the
very important region near the X point (T, = 2.172 K,
P̂  = 37.80 mm) corresponds to a temperature stability of
±0.0001 K. This is 50-100 times better than was possible
in our earlier studies (PR-P-120: 3.9, AECL-6452 and
PR-P-121: 3.8, AECL-6530) where a carbon resistor was
used for temperature control.

The total scattering, I(<j>)/ was measured for
scattering angles 4°̂ <j>̂ 120° for the empty specimen
container and for the container filled with helium at
1.59, 1.77, 1.87, 2.19, 2.27 and 4.23 K; the fast-neutron
background was also automatically determined at each
point of every scan. In collaboration with V.F. Sears,
these results will be analysed using the progLain library
ATMLIB (see PR-P-120: 4.4, AECL-6452) to obtain the
static structure factor S(Q) and the pair correlation
function g(r).

In order to determine in detail how the height
of the principal maximum of S(Q) varies with temperature,
we have measured 1(16.1°) very precisely (typically
±0.3%) for 28 temperatures in the range 1.04^T^4.23 K
with particular emphasis on the region near T^. [<() =16.1 °
corresponds to Q=2.04 H~l which we have previously
determined (E.C. Svensson e_t a_l. , Phys. Rev. B. 2_1
(1980) 3638) to be the position of the principal maximum,
independent of temperature.] As T is lowered below T,,
1(16.1°) first decreases rapidly, exhibiting a typical
order-parameter type of behaviour, and then flattens off
at T-U..6 K with perhaps a slight rise again at the
lowest temperatures. The total variation in the region
T<T, is about 5% which is much larger than the variation
in density (0.7%). At present there are two competing
explanations for this substantial variation. The one
claims that it is caused by the variation in the occupa-
tion of the zero-momentum state, the other that it is
due to the change in the thermal population of rotons.

As the temperature rises above T,, 1(16.1°)
first drops discontinuously (by 2% for a temperature
increase of 2 mK) then stays approximately constant for
about 0.15 K, and thereafter falls monotonically until
4.23 K. The total change between T^ and 4.23 K is 22%
which, as expected, is somewhat larger than the change
in density (17%). The surprising discontinuity at the X



- 43 -

point has not been seen previously and its origin is not
understood at present. It may be caused by the violent
boiling that is known to occur in liquid * He at
temperatures just above T^ , and further measurements to
check on this possibility are planned.

At 14 of the 28 temperatures, we have also
determined 1(14.7°) and 1(18.2°) in order to study how
the width of the principal peak varies with temperatures.
The intensity at these positions is less sensitive to T
than that at $=16.1° and, in particular, does not exhibit
such rapid variations near T. .

3.9 Numbers of Bound Water Molecules From Quasi-Elastic
Neutron Scattering
P. Martel and B.M. Powell

Quasi-elastic measurements of the type
described by Sakuma et al (Solid State Comm. £5, 145,
1978) have been made in order to develop a method for
obtaining quantitative information about the nature of
water bound to biomolecules. From measurements on pure
water and aqueous solutions of A£.C&3, the Q-dependence
of the cross sections of "free" and "bound" water mole-
cules was obtained and a value of 1.87±.44 found for the
ratio of free to bound molecules in a "3.0 M" solution
of Aid3. The value obtained by NMR measurements (cour-
tesy of J.D. Halliday of Physical Chemistry Branch) was
2.10+.02. The value quoted by Sakuma et al, who failed
to take account of the Q-dependence of the neutron scat-
tering cross sections, was 1.2.

3.10 Magnetic Correlations in Mn^Zn-^Te
T.M. Holden and G. Dolling with J. Furdyna (Purdue
University)

MnxZnl-x T e alloys are narrow gap semiconductors
crystallizing in the zincblende structure, with possible
device applications arising from the interaction between
the magnetic and electrical properties. The purpose of
the experiment is to measure the correlations between
the Mn spins, including any transitions to an ordered
state, as a function of Mn concentration and of
temperature, by neutron diffraction. Two specimens,
x=.8 and .6, have been studied with A = 1.406 A
neutrons from a Ge(113) monochromator at the L3 spectrometer.
The Mn.8Zn,sTe sample was found to be a mixture of three
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distinct crystal phases, thus precluding unambiguous
measurements on the zincblende phase. At 24C K the
Mn^Zn^iiTe sample was found to be single phase with
a = 6.352±.0O3 A and with Bragg peak intensities
consistent with the nominal concentration. As the temp-
erature was lowered the Bragg peaks showed no change
other than that associated with a smaller Debye-Waller
factor. At 240 K the diffuse scattering has a nuclear
component which is independent of wave vector and a mag-
netic component following the Mn magnetic form factor.
There is no evidence for short range nuclear order on
the anion lattice, the effects of which would be enhanced
because Mn and Zn have opposite scattering lengths. At
78 K there is a weak peak in the magnetic scattering
close to the ordering wave vector for the type III anti-
ferromagnetic structure. The peak height increases
strongly as the temperature is lowered further and the
width in wave vector decreases. The spins do not finally
order magnetically even at 2 K but reach a cluster size
of about 30 & (so determined from the width of the
peak). Similar measurements are planned for other
values of Mn concentration x.

3.11 Spin Waves in One-Dimensional Antiferromagnets
W.J.L. Buyers with S. Nagler and R.L. Armstrong
(University of Toronto)

New high-resolution measurements of the transverse
magnetic response in the Ising-like chain antiferromagnet
CsCoCa.3 have confirmed earlier results (PR-P-125: 3.13
AECL-6956). The presence of phonon scattering at 3.8 THz
in the (003) zone is definitely established and precludes
an accurate assessment of whether the continuum scat-
tering extends to this frequency. We find that it is
more accurate to measure the half width of the continuum,
4eJ, defined as the difference between the zone boundary
frequency, 2J, and the onset of magnetic scattering at
the zone centre, where e is the ratio of transverse to
longitudinal exchange. From the onset of the continuum
we estimate e=0.10. The perturbation theory of Ishimura
and Shiba predicts the frequency of the peak of the
continuum to vary as 2J (l-8e2cos Q) where Q ranges from
IT at the magnetic zone centre to T/2 at the zone bound-
ary. From the measured frequencies of the peaks we
derive e=0.14. Unfortunately there is an error in
Ishimura and Shiba's derivation of the peak frequency
from their expression for the line shape S(Q,u). if the
peak dispersion is correctly calculated their theory is
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found to predict different frequencies at the nuclear
and magnetic zone centres, in disagreement with experi-
ment, and the value of e required to reach the best com-
promise agreement with experiment rises to 0.18. These
difficulties can be traced in part to their use of an
expansion parameter 128e2cos2Q/(l-2ecosQ)2 that, instead
of being small compared with unity, is of order 2. We
conclude that first order perturbation theory is not
valid for one-dimensional anisotropic magnets with e as
large as 0.1, and is questionable for all e since the
terms linear in e cancel in the expession for the dis-
persion relation.

3.12 Magnetic Excitations in DyASl,,
T.M. Holden and W.J.L. Buyers with H.G. Purwins
(University of Munster)

DyAJl2 is a ferromagnet (Tc = 60 K, V = 9.89
UB/Dy atom) which crystallizes in the Laves phase.
The spin-wave excitation spectrum was measured along the
three principal symmetry directions at 4.2 K in order to
obtain the crystal field and exchange parameters. Since
there are two magnetic atoms per unit cell there are two
modes at each wave vector in which the spin deviations
on the two sites are respectively in-phase and out-of-
phase and these can be distinguished through the struc-
ture factor. The q=0 frequencies for the in-phase and
out-of-phase modes are 0.56±0.05 and 1.22+.03 THz. Long
range exchange interactions are suggested by the oscil-
lating behaviour of the [S50] in-phase branch with a
local maximum at 5=0.3 and a minimum at £=0.7. Magnon-
phonon interactions were observed between the transverse
acoustic phonon branches in the [CSO] and [CCC ] direc-
tions and the out-of-phase branches of magnetic excita-
tions but not with in-phase branches. A weak peak (̂ 3%
of the strong magnetic excitation) was observed at
1.75±.1O THz and attributed to a transition from the
ground state to the third state of the J=15/2 manifold.
An excited-state spin-wave (0.55 ±.10 THz) was observed
at q=0 on raising the temperature to 25 K.

The overall picture is that the magnetic prop-
erties are dominated by the exchange interactions between
ions and the crystal field is only manifested by the
anisotropy gap at q=0 which is largely independent of
exchange.
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3.13 - The Triple-q Transition in UPd3
A.F. Murray and W.J.L. Buyers

The structure of the low temperature phase
(T<6.5 K) of UPd3 has been deduced from earlier neutron
diffraction results (PR-P-126: 3.10, AECL-7055). The
transition, which is continuous and described by wave
vector (i,0,0), involves the basal plane motion of the
palladium atoms in which alternate uranium sites find
themselves either in a rarefied region or in a region
compressed in a quadrupolar manner. The lattice distor-
tion induces an egg-shaped quadrupolar distortion of the
charge distribution of the uranium atoms at sites of
quasi-cubic symmetry. Calculations of the ol (x2-y2)
quadrupolar susceptibility based on our crystal field
model confirms that it exhibits a maximum near the phase
transition temperature, i.e. the ions are soft with res-
pect to a quadrupolar squeeze. Since the Landau free
energy has the same form as that for dhcp neodymium, we
can show by renormalisation group arguments that the
lattice distortion is of the triple-q type i.e. the cry-
stal is composed of a single domain with three pnase
distortions having the. three symmetry-related <|,0,0>
wave vectors of the hexagonal lattice rather than of
three domains within each of which a single wave vector
is present.

3.14 Single Crystal Filters for Neutron Beam Experiments
H. Nieman, D. Tennant and G. Dolling

Measurements were made of the effective absorp-
tion coefficients, y> (see PR-P-124: 3.15, AECL-6788) of
two single crystals of sapphire, using the E-I7 spectro-
meter at the NRX reactor. These large crystals, 6.4 cm
diameter by 7.0< cm long {property of University of
Guelph) were of the optical quality "super" type, orien-
tation (001) parallel to the cylinder axis. The results
obtained over tiie energy range of 0.029 to 0.163 eV con-
firmed early measurements on small specimens (PK-P-126:
3.12, AECL-7055) that this quality of sapphire is unex-
celled as thermal neutron filter material.
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3.15'
Energy E from Positron Annihilation
S.M. Kinr

When positrons are trapped at vacancies, the peak
coincidence rate F(T) is described by an equation

F(T) =
Ff(T) Fv(T)A exp(-Ef/kT)

exp(-Ef/kT) (1)

where Ff(T) and FV(T) are the free and trapped peak
rates, respectively, and A is the trapping parameter. We
examine here some other simple methods for deducing
Ef.

We have derived earlier (J. Phys. F. j}, L103,
1978) the following correlation between Eg and the
threshold temperature of vacancy trapping, Tfc

fc.

where |e | ̂ 0.01« JlnA-2, and thus can be neglected.

We have carried out a least-squares analysis to
determine A from previous positron measurements in vari-
ous metals and find that ( S-nA) 2/( SLnA-2) = 15+1.5, which
indicates that Ef from eq. (1) is accurate to about
±10%. The same accuracy is also obtainable from estima-
tions of the parameter A from the available theoretical
calculations of vacancy trapping. If we can determine
the temperature To where F(TO) = [Ff(T0) + Fv(To)]/2,
the following simple formula obtainable from Eqs. (1)
and (2) can be used to determine Ef.

(2-e)kTc

T -T.
o t

(3)

Janot et al. (J. de Phys. ^£, 39, 1979) derived
an alternate formula relating Ef to To and the
derivative of F(T) at T=TO. The main difficulty of
their method as well as the method of eq. (3) is that an
accurate determination of To is possible only when
FV(T) is known. Janot et al claimed that FV(T) at
elevated temperatures is not needed because F(T) has an
inflection point at T=TO. We find, however, that the
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inflection point is not at To and thus their claim is
unjustified.

3 15 Vacancy Formation Energies in Stainless Steels
S.M. Kim

Positron annihilation measurements of the vacancy
formation energies (VFE) in stainless steels of differ-
ent crystal structures and composition have been comp-
leted. The results indicate (see PR-P-126: 3.14;
AECL-7055 and PR-P-125: 3.14; AECL-6956) that the VFE
are strongly dependent on crystal structure and rela-
tively insensitive to alloy composition.

3.17 The Direct Measurement of Photo-Nuclear Absorption in
Natural Lead
J.W. Knowles, R.N. King and W.F. Mills with B.O. Pich
(University of Toronto)

We have made a direct measurement of the
photo-absorption cross section of the 7.33 MeV 1~ level
of 2 0 8Pb in natural lead using the Compton spectrometer
at the NRU reactor. Fpr this measurement, a beam of
%7.3 MeV radiation, 100 keV wide, is incident on a block
of lead 5 cm thick and the transmitted radiation is
incident on a 49 cm3 coaxial Ge(Li) detector. This
radiation produces a second escape peak in the Ge(Li)
pulse height spectrum which is 100 keV wide. The back-
ground under this peak, caused mainly by Compton scat-
tering events in the Ge(Li), is reduced to a negligible
amount by surrounding it by a 4-quadrant NaI(T£) annulus.
The latter detects annihilation photons in coincidence with
pulses in the second escape peak of the Ge(Li) detector.
We observe near the centre of the second escape peak, at
7.33 MeV, a 4% depression in counting rate with a width
(FWHM) of *fe6 keV. This depression can be caused by a 4%
resonance absorption of 7.33 MeV radiation transmitted
through the 5 cm lead block. Such an amount of absorp-
tion (which is proportional to the resonance width) is
expected from the 7.33 MeV, J=l" excited state of 2 ° 8 Pb
which has a width of 42 keV (J.W. Knowles et al, Can.
J. Phys. 5± (1978) 1022).
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3.18 Photofission Measurements in 23aU and 2 3 2Th
J.W. Knowles

Further high-resolution studies of the fine
structure observed previously in i32Th (PR-P-126: 3.15;
AECL-7055) await additional allocation of running time
on the University of Illinois microtron. It now seems
probable that very little such time will be available
during the next 12 months, because of modifications being
undertaken to upgrade the microtron.

3.19 Parity Violation in the Photodisintegration of
Deuterium
E.D. Earle, J.W. Knowles with A.B. McDonald, J.J. Hill,
K. Gamarnik (Nuclear Physics Branch) and L.O. Dallin
(Accelerator Physics Branch)

Development work is proceeding on the polar-
ized electron source. Lifetimes have been increased
significantly by improvements in the vacuum and the beam
focusing in the vicinity of the GaAs photoemitter. A
double-focusing 90° bending magnet has been installed
and tested, with two magnetic gap lenses to produce an
output beam spot less • than 3 mm in diameter. Stable
beams of about 150 pA have been maintained for
several hours.

Machining is nearly complete for a 90° elect-
rostatic deflector which will be used to measure electron
polarization by Mott scattering. An ultra-high vacuum
target chamber and foil mounting apparatus has been pre-
pared for these measurements.

3.20 N4 External Thermal Neutron Facility
M.A. Lone and W.M. Inglis

Installation of the new target tube and the
beatit dump consisting of B^C and 6LiF (PR-P-126: 3.18
AECL-7055) has resulted in a considerable reduction in
the background due to high energy y-rays and fast neut-
rons which were produced by thermal neutron capture in
the old 6LiF beam dump (M.A. Lone, D.C. Santry and W.M.
Inglis, Nucl. Inst. and Meth. 174 (1980) 521).
Improvements to the shielding for further reduction of
the low energy y-ray background are in progress.

The measurements of thermal neutron capture
cross sections and Y-ray transition rates from 12c, I 3C,
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- I7O, 9°Zr and 9lZr have been completed. The observed prim-
ary Y~ray transition rates in carbon isotopes provide
excellent verification of the Lane-Lynn theory of direct
neutron capture (S.F. Mughabghab, Phys. Letters 81B (1979)
93; A.M. Lane and J.E. Lynn Nucl. Phys. 17 (1961) 563).
Technical problems with the high resolution intrinsic Ge
detector have delayed the completion of the thermal neutron
capture Y-ray measurements from other Zr isotopes.

The catalogue of prompt Y-rays from thermal neut-
ron capture in natural elements (PR-P-126: 3.20, AECL-7055)
has been completed and submitted to Atomic Data and Nuclear
Data Tables. The data for this catalogue were obtained
from a survey of the literature published between 1967 and
December 1979.

Multi-Transition High Energy Gamma-Ray Calibration Source
3.21 M.A. Lone with D.C. Santry (Solid State Science Branch)

and J.J. Lipsett (Reactor Control Branch)

We have developed and tested a compact and port-
able source for calibration of Y-ray spectrometers. A uni-
que feature of this sour.ce is the Y-ray energy range (0.5
MeV to 8.6 MeV) over which it provides several Y-rays for
energy and intensity calibration.

The source consists of a long-lived (half-life
86 years) low energy neutron emitter surrounded by a chlor-
inated hydrogen moderator. Thermal neutron capture in
chlorine provides several high energy Y-rays whose energies
and relative intensities are known accurately. The neutron
leakage from the compact source assembly is negligible.
The device may also be used as a neutron source for testing
of neutron detectors and monitors. A patent application
has been filed.

3.22 Reactor Beam Hole Use
G. Dolling and H. Nieman

The McMaster University spectrometers were shut-
down for the period, as was the C2 fast-neutron chopper.
The Guelph University spectrometer operated for 30% of the
period. Utilization at the other occupied beam holes was
as follows:
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Efficiency
(% of avail.
Reactor oper-

No. of Participating ating time
Beam No. of Scientists Used for
Hole Experiments CRHL Non-CRNL Experiments)

C-1
C-4
C-5*
L-3
N-4
N-5

2
2
0
5
1
6

1
2
0
6
1
5

3
0
0
4
0
4

95
95

0
98
45
98

Total Reactor Operating Time was 75 days.
* The C-5 facility was shut down for this quarter to
enable installation of a new analyzing spectrometer
and control system. Start-up is expected during fie
next quarter.

3.23 Status of Equipment Construction
G. Dolling

The installation of the new C5 spectrometer con-
trol system has been seriously delayed by a number of
unexpected problems with the PDP11/34 operating system.
Transfer of the computer to NRU is now scheduled for
November 1980 and it is hoped to perform neutron scat-
tering experiments at C5 with the new control system
early in 1981. Detailed designs for the N5 liquid-
nitrogen-cooled filter are nearly complete. Construction
of the filter components will begin January 1981. Modi-
fications to the analyser units to incorporate 8 A
encoders for the C5, L3 and N5 spectrometers will be
completed during the next quarter.

3.24 Semiconductor Detectors
R.J. Toone, W.F. Slater and J.G.V. Taylor

Three successive clean-up drifts were needed to
eliminate breakdown in a large well-type Ge(Li) detector
in Environmental Research Branch. Problems with another
detector in this Branch caused by excess humidity were
overcome when the affected parts were sealed in a plastic
bag containing silica qel.
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Accurate profiles of three Si(Li) x-ray detectors
were determined by scanning with a collimated 2 **1 Am
source for J. Simpson, University of Guelph. One of
these was rescanned following a deliberate warm-up. No
deterioration in energy resolution was observed.

Poor performance of a Ge(Li) spectrometer in Sys-
tem Materials Branch was investigated and eventually
traced to problems with the associated electronics.

3.25 Ion Chamber Sample Changer
J.G.V. Taylor, W.F. Slater and M.A. Gulick

In the course of software testing it was found
that certain failure modes could lead to incorrect
sequencing of changer operations resulting in minor
mechanical damage. Another electrical interlock has
been added to prevent this. A control unit supplied by
EI&P Branch still required one circuit board and a num-
ber of minor modifications which are now in progress.
Updating of documentation and work on the service manual
are continuing.

The T.P.A. Mk.II ion chamber (No. DV976) has been
filled with N 2 to 2 MPa, sealed, leak-tested and deliv-
ered to Nuclear Physics Branch (see PR-P-126: 3.24,
AECL-7055).

3.26 A Fast Furnace for Atomic Absorption Spectrometry
S.P. Watkins, W.F. Slater and H. Schmeing

Work on improvements to the electrothermal furn-
ace heating rate (see PR-P-126: 3.25 AECL-7055) of the
Hitachi atomic absorption spectrometer has proceeded to
the point where analytical comparisons of sensitivity
are in progress. A prototype programmable power supply
based on saturable reactor control is capable of
supplying approximately 8 kW at 600 A. This provides a
roughly 4-fold increase in the observed heating rate,
from the original 700 K-s"1 to just over 3 000 K-s"1.
The new system has, in addition to the programmable ash
and dry cycles of the original supply, a two-stage
heating profile, supplying high power during the fast-
heating phase, and switching to a lower, steady-state
current once the desired atomization temperature is
sensed by the optical feedback loop. Initial compari-
sons of sensitivity will be based on Cu, which could be
a serious impurity in our CdTe, and hi, the element for
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which the most significant increase in absorbance is
expected for higher heating rates.

Quantitative comparisons of the time-integrated
absorbance and the peak absorbance are being undertaken
to ascertain the more valid absorbance parameter for the
fast heating mode. In this experiment heating and
absorbance profiles are stored in a fast signal averager
for later analysis.

3.27 Trace Impurities in CdTe
EN Schmeing and L. MiIani

The determination of trace impurities is known to
be of extreme importance for the development of spectro-
meter grade CdTe. The amount of out-gassing observed
while melting the starting materials Cd and Te in our
purification apparatus (PR-P-126: 3.26, AECL-7055) led
us to examine the chemical nature of the gases released.
Using the UTI gas analyser, we determined CO and CO2 to
be the major constituents. Only traces of H2 and N2

were observed.

In an effort to trace the origin of these gases,
the material was analysed, for the first time, for its
carbon content. Preliminary results of a Leyco-analysis,
performed by the General Chemistry Branch, indicate a
carbon concentration exceeding 200 mg/kg for both mater-
ials, purchased as being 69 grade (total of all measured
impurities not exceeding 1 mg/kg). Should these results
be confirmed by subsequent samples, a serious unexpected
impurity would have been identified.

3.28 Miscellaneous Services
R.J. Toone

Another dozen cylindrical mirror blanks were cut
for Instrument Development Branch. A special jig had to
be constructed in order to meet close tolerances in
cutting 30 alumina plates for the same Branch. A HgSe
crystal was cut for Section I. Wires were replaced in
the 4TT-proportional counter designed for use v.t. the iso-
tope separator in Nuclear Physics Branch.
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3.29" Glassblowing Services
J.G. Wesanko and M.A. Gulick

A general purpose vacuum line was constructed for
General Chemistry Branch. Work for Physical Chemistry
Branch included a methanol reaction cell/ sample bulbs,
120-, 240-, and 360-cm long by 10-cm diameter glass
coils for Gamma-Cell experiments and modifications to
the vacuum line used in laser photochemistry research.
Desiccators were constructed for Fuel Materials Branch
for the long-term storage of irradiated fuel.

A number of quartz ampoules and other reaction
vessels were made for CdTe work.

3.30 Machine Shop Services
A.H. Hewitt, H.C. Spenceley and K.H. Whitlock

A goniometer to support four individually orient-
able single specimens for neutron scattering studies
was designed and constructed in Bldg. 459 shop. The fab-
rication of an electrostatic deflector was completed,
and one small job was done for McGill University person-
nel.

About 85% of the Bldg. 116 shop time was spent on
Nuclear Physics Branch jobs, most of it on ion sources
and other instrumentation for the isotope separator.
Parts for the atomic absorption furnace and miscellan-
eous small jobs including crystal mounts for Section I
accounted for the remaining 15%.

3.31 Parity Forbidden Alpha Width of the 3.56 MeV State of
6Li
E.D. Earle et al.

See PR-P-127: 2.2; AECL-7102.

3.32 Measurement of the ''He + D ->• 6Li + y Direct Capture
Reaction at Low Energy
E.D. Earle et al.

See PR-P-127: 2.3; AECL-7102.
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3.33- Parity Mixing in 2 ^ e
E.D. Earle et al.

See PR-P-127: 2.4; AECL-7102.

3.34 Measurement of the M2/E1 Ratio for the 2789 keV Gamma
Transition in 2'He
E.D. Earle et al.

See PR-P-127: 2.5; AECL-7102.

3.35 Branching Ratio in the Beta-Decay of 2 °Na
H. Schmeing et al.

See PR-P-127: 2.16; AECL-7102.

3.36 Production of Proton Radioactive Nuclei with the Chalk
River Tandem Accelerator
H. Schmeing et al.

See PR-P-127: 2.17; AECL-7102.

3.37 Status of the Isotope Separator
H. Schmeing et al.

See PR-P-127; 2.18; AECL-7102.

3.38 Isotope Separator Operation
H. Schmeing et al.

See PR-P-127: 2.19; AECL-7102.

3.39 Mass Difference Measurements with the Isotope Separator
H. Schmeing et al.

See PR-P-127: 2.20; AECL-7102.

3.40 Flash Arrester for the He-jet-Source
H. Schmeing et al.

See PR-P-127: 2.22; AECL-7102.
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3.41 Publications and Lectures

Publications

LOW-ENERGY NEUTRON EMISSION FROM THE d + Be REACTION
M.A. Lone, A.J. Ferguson and B.C. Robertson
High LET Radiations in Clinical Radiotherapy (Ed.
G.W. Barendsen, J.J. Broerse and K. Breur) Pergamon
Press (1979) p.142.

DEUTERATED POLYETHYLENE TARGET HOLDERS FOR (n,y)
STUDIES
J.L. Gallant and M.A. Lone
Nucl. Inst. and Meth. 1T2 (1980) 601

MeV NEUTRON PRODUCTION FROM THERMAL NEUTRON CAPTURE IN
Li AND B COMPOUNDS
M.A. Lone, D.C. Santry and W.M, Inglis
Nucl Inst. and Meth. 174 (1980) 521.

EFFECT OF ORDERING ON MONOVACANCY AND DIVACANCY
FORMATION IN B-BRASS OBSERVED BY POSITRON ANNIHILATION
S.M. Kim and W.J.L. Buyers
Phys. Rev. Letters £5, 383 (1980), AECL-7023

PHYSICAL CHARACTERISTICS OF HUMAN TRANSFERRIN FROM
SMALL ANGLE NEUTRON SCATTERING
P. Martel, S.M. Kim and B.M. Powell
Biophys. J, 2i» (1980) 371.

Lectures

NEUTRON DIFFRACTION FROM DIMERS AND HYDRATES
P. Martel and B.M. Powell
VIII International Conference on Photobiology,
Strasbourg, France, July 20-25, 1980.
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LATTICE MODES OF DEUTERATED a-GLYCINE
B. Andrews, B.H. Torrie and B.M. Powell
7th International Conference on Raman Spectroscopy,
Ottawa, Ontario, August 4-9, 1980.

SPIN AND PHONON EXCITATIONS IN UTe AND US
P. de V. duPlessis, W.J.L. Buyers, A.F. Murray,
T.M. Holden, 0. Vogt and C.F. van Doom,
South African Institute of Physics Annual Conference
July 10-12, 1980

THE CHALK RIVER ON-LINE ISOTOPE SEPARATOR
H. Schmeing, J.C. Hardy, E.G. Hagberg, W.L. Perry,
J.S. Wills, J. Camplan and B. Rosenbaum
10th International Conference on Electromagnetic Isotope
Separators and Techniques Related to their Applications,
Zinal, Switzerland, September 1-6, 1980.

AN EXPERIMENT TO MEASURE PARITY VIOLATION IN THE
2H(Y,n)aH REACTION
E.D. Earle, A.B. McDonald and J.W. Knowles
Fifth International Symposium on Polarization Phenomena
in Nuclear Physics, Santa Fe, New Mexico
August 11-15, 1980
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Branch

M.
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I.S.
K.B.

Head: G.

Harvey
Khanna
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Lee
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Towner
Winterbon

G.E.Lee-Whiting
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S.H.Kahana (2)
M.G.Vassanji (3)
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M.E.Carey

(1) Summer student from Univ.of Waterloo; terminated
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(2) Visiting Professor for the summer from Brookhaven
National Laboratory, terminated 1980 August 28.

(3) NRC Post-Doctoral Fellow; from the Univ. of
Pennsylvania; terminated 1980 September 1.
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4.2 Diffusion of Tritium Through Containment Walls

S.A.Kushneriuk

Tritium and helium concentrations in container
and tritium-handling-facility walls, and the total tritium per-
meation through the walls, have been determined for a variety
of assumptions regarding the tritium environment at the inner
surfaces of the walls. Idealized, one-dimensional, planar geo-
metry was adopted; the concentrations are then solutions of a
time-dependent diffusion-like equation in which tritium loss
by radioactive decay is also taken into account.

Generally the expressions derived for the con-
centrations and tritium permeation are infinite series in-
volving weighted products of circular and exponential functions.
To make the numerical evaluation of the results feasible for all
parameter ranges of interest (the diffusivity of tritium is very
strongly temperature dependent) use was made of the Poisson trans-
formation formula for infinite series to write the expressions in
an alternative form involving error functions.

4.3 Fissile-Fuel Breeding Hybrid Reactor Performances

S.A.Kushneriuk

A draft report and a memorandum were submitted to
the "System Optimization and Breeding Economics" working party,
as contributions towards the drafting of section VII (performance
assessment) of the forthcoming Fusion Status Study Report. The
draft report contained a survey of the conceptual design studies,
with emphasis on blankets, of fissile-fuel breeding fusion-fission
hybrid reactor systems that have been published in journals and
reports. The hybrid blanket types (e.g. power vs. fissile-fuel
production) and the overall net fissile fuel breeding ratios at-
tained were presented. The scope and objectives of the Chalk
River blanket evaluations were described and the results per-
taining to U233 and Pu239 breeding [PR-P-107: 4.2 (AECL-5256);
PR-P-121: 4.2 (AECL-6530); PR-P-124: 4.3 (AECL-6788)] were sum-
marized. A description and the neutronic performance of the fast-
fission type blanket that gives the optimum yield of U233 per
fusion event, the reference blanket,were also given.

In the memorandum some implications of the "CANDU
coupling model" used to estimate the allowed capital costs of the
fuel-breeding hybrid were described. In particular it was shown
that in the model the allowed costs for the breeder depend directly
only on the annual net fissile fuel and electrical energy pro-
duction by the hybrid; the coupling to the CANDU provides a basis
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for placing a value on these commodities. With this reform-
ulation of the cost formula it is easier to compare with the
allowed cost assessments made by others.

4.4 Momentum Distribution in Liquid Neon at 26.9 K

V.F.Sears

The work described in an earlier report (PR-P-124:
4.5 (AECL-6788)) has now been completed and prepared for pub-
lication. In the above report we mentioned that the effective
temperature T e f f can be obtained from an expansion in powers of
H2-. The 1i2-term gave a value Teff = 34.3 K. We have now in-
cluded the ft^-term as well and find that the above value is
reduced to Teff = 33.1 K, which is in excellent agreement with
our experimentally determined value Teff = 32±1 K.

4•. 5 Penetration of Heavy Ions in Solids

K.B.Winterbon

The program DSTSER (AECL-5536) has been extended
to calculate correlation-function moments (with recoil energy
thresholds zero) when the projectile and target atom masses are
equal. Extension to the unequal-mass case is being debugged.

In analytical inversion of a Fourier transform in
which the logarithmic derivative of the transform is represented
by a continued fraction (PR-P-126: 4.4 (AECL-7055)), an error
was found in the earlier analysis. In the corrected analysis one
of the terms of the inverse transform is not one of the standard
multivariable (confluent) hypergeometric functions. An asymp-
totic representation for the inverse transform has not been found,
so the analytical solution is in principle useful for only 'small1

values of the argument. In practice this useful range sometimes
encompasses the entire range of interest.

4.6 An Analysis of the Solutions of the Dirac Equation for the Quark

Model

M.Harvey with S.Kahana (Brookhaven National Lab)

In the quark model, baryon properties are derived
from the constituent quarks in single-particle orbits. In a
continuation of an earlier study by one of us (M.H. PR-P-124:4.9
(AECL-6788))we are determining the properties of the single-
particle quark functions that arise as eigensolutions of the
generalized relativistic Dirac equation with both world-scalar
and four-vector potentials. The work is proceeding on three
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fronts: (a) computer derived solutions for given functional
forms of potentials (b) seeking particular potentials the sol-
utions for which can be found analytically and (c) determining
what restrictions are placed on the form of the potentials from
the fundamental QCD theory.

In order to compare our results with baryon pro-
perties we have to fix ths overall energy scale (̂ c/b) or length
scale (b). This scale is usually determined in the literature
by fitting the baryon masses or the root-mean-square radius.
(RMSR = .8 fin). We have considered an alternative scaling in
which the orbital excitation spectrum is fitted to the observed
negative-parity baryon resonances. With this latter scaling we
find, for all potentials considered, that the RMS radius is about
half the size of the observed nuclear radius — consistent with
the little-bag model (G.E.Brown and M.Rho Phys Lett 82B(1979)177).
Magnetic moments (p) are also a factor of two smaller than exper-
iment. Thus, with this scaling, meson clouds have to be invoked
to account for the observed values for the RMSR and p. The ad-
vantage of the scaling is that the four-quark one-antiquark states,
considered by Strottman (Phys Rev D20 (1979)748) to lie low in
energy, now have a mass >2 GeV and do not confuse the interpre-
tation of the lower baryon resonances as the orbital excitations.

So far we have failed to find a particular structure
of potentials that will describe the energy systematics of both
the lowest negative and positive parity baryon resonances.

4.7 Spin Excitations in the Schematic Model

I.S.Towner with B.Castel (Queen's University) and L.Zamick
(Rutgers University)

With a zero-range force and schematic assumptions
that radial integrals are constants and single-particle energies
are degenerate, we can solve algebraically the one particle -
one hole eigenvalue problem in both the Tamm-Dancoff and Random
Phase Approximations. The solution admits collective states
which we identify with experimentally observed giant resonances.
We use this model to predict the location of spin giant resonances
and the polarizability of spin electromagnetic transition operators
using as input the corresponding properties of the experimentally
well-known electric excitations. For example, using knowledge of
the location of an E2 giant resonance we predict the location of
the M3 giant resonances; or with knowledge of the E2 effective
charge, we predict suppression in the M3 electromagnetic trans-
ition rates. This work is being written up for publication.
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4.8 Isobar Particle-Nuclear Hole Potential Matrix Elements

F.C.Khanna and G.W.Hulbert

The computer program for calculating two-body
matrix elements of the A - h potential discussed in the last
progress report (PR-P-126: 4.9 (AECL-7055)) has been completed
and checked. The matrix representing this potential is symir, .trie
but complex. A program for calculating its (complex) eigenvalues
and eigenfunctions has been written and is now operational. Ap-
plications to pion-nucleus scattering processes are being con-
sidered.

4.9 Meson-exchange currents in first-forbidden weak decays

I.S.Towner and F.C.Khanna

We have begun calculations for the g-decay
16N(0", T=l) -* 16O(0+, T=0) and for the u-capture 26O(0 + , T=0) •*
16N(0~, T=l) to isolate the time component of the axial-vector
current (see PR-P-123: 4.8 (AECL-6680)), which is expected to be
strongly influenced by meson—exchange currents (Kubodera, Delorme
and Rho, Phys Rev Lett. 4jO (1978)755). The nuclear structure
aspects of the calculation will be handled using second-order
pertu bation theory and the linked-valence-cluster expansion. The
effective residual nucleon-nucleon interaction is taken from the
work of Speth et al (Nucl Phys A343 (1980)382), whose generalized
particle-hole interaction includes in addition to the zero-range
terms of the Landau-Migdal theory explicit contributions from the
one-pion- and one-rho-exchange potentials.

4.10 Solar Neutrino Problem and the Reaction pp -»• de ve

F.C.Khanna and M.G.Vassanji

.. The nuclear transition in this reaction is from an
initial So state to the deuteron ground state and is predomin-
antly of the Gamow-Teller type. A computer program for calcul-
ating the initial-state wavefunction has been written. Coupled
NN, NA and tfi configurations with appropriate one-boson-exchange
potentials are considered. At present a computer program for the
deuteron ground state including coupled NN- and AA-configurations
is being written.

4.11 Hadronic Decay of Charmed Mesons

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

This is a continuation of PR-P-126: 4.12 (AKCL-7055).
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Our study has shown that gluon exchange should play an important
role in the "annihilation" decay process (the initial charmed
quark and the light antiquark in the charmed meson annihilate
through the weak interaction to create the final mesons). We
are continuing to study other effects, including those of iso-
spin, SU(3) and SU(4) symmetries, and final-state interaction,
in the exclusive as well as inclusive decays of the D°, D+, and
F+ mesons.

4.12 Hew Currents at CHEER

H.C.Lee with P.Watson and A.McPherson (Carleton University) and
L.Krauss (M.I.T.)

For different assumed values of quark and boson
masses and for plausible assumptions about the coupling we have
estimated the rates of production and detection at CHEER (the
proposal to build a Canadian High Energy Electron Ring at Fermi
Lab) of new particles which could exist in different extensions
of the Weinberg-Salam-Glashow theory. The work is being prepared
for publication.

4.13 Production of Weak Vector-Bosons by ep Collision in the Parton
Model

H.C.Lee with A.Kamal (U.of Alberta) and J.Ng (TRIUMF)

We are calculating the production of W- and Z°-
bosons of the standard model (Weinberg-Salam-Glashow) in deep
inelastic ep collision- In the parton-model the ep scattering
amplitude is reduced to an incoherent sum of products of the
basic electron-parton (quark,gluon,etc.) amplitudes and the
structure function of the proton for the particular parton. The
first factor is determined by weak interaction and the second
factor by strong interaction. Proton structure functions based
on the QCD theory for the strong interaction have been calculated
and are available from the literature. These are being used in
our calculations.

4.14 Lectures on Electromagnetic Interactions in the Nucleus

H.C.Lee

Lectures to be given at the 1980-81 Winter School
on Nuclear Physics in Beijing, China are being prepared.
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4.15 Neutronic Calculations of Fusion-Fission Reactor Blankets
Containing Molten LiFBeFp as Coolant and Tritium Breeding
Material

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

See PR-P-127: 5.10 (AECL-7102)

4.16 Reports, Publications, and Lectures

Reports

LASERS FOR INERTIAL CONFINEMENT FUSION RESEARCH
V.F.Sears
PASS-14-8-R, AECL-7058, August 198 0

Publications

DSA MEASUREMENTS IN LAYERED TARGETS
K.B.Winterbon
Nuclear Instruments & Methods, r74 (1980) 227-229

SHOCK WAVES IN COLLISION CASCADES
K.B.Winterbon
Radiation Effects Letters 5_7, (1980) 89-92

THE DECAY OF 49Mn: FIRST RESULTS FROM THE CHALK RIVER ON-
LINE ISOTOPE SEPARATOR
E. Hagberg, J.C.Hardy, H.Schmeing, W.Perry, J.Wills, ETH
Clifford, V.Koslowsky, I.S.Towner, J.Caraplan, B.Rosenbaum,
R.Kirchner, and H.Evans
Proc.Int.Conf.on Nuclear Physics, Berkeley,1980 Vol.1, p.148

Lectures

MESON-EXCHANGE CURRENTS IN NUCLEI
I.S.Towner
Invited talk at the Summer Seminar in Nuclear Th&ory, Queen's
University, Kingston, 1980 August 1-2

NUCLEON-NUCLEON INTERACTION
I.S.Towner
Series of four lectures given to the Physics Department of
Queen's University, Kingston, 1980 July.

HIDDEN COLOR STATES AND THE NN-FORCE
M.Harvey
Invited talk at the Gordon Conference on Nuclear Structure
Tilton, New Hampshire, July 7 - 11, 1980.

NN,N A,AA AND HIDDEN-COLOR SIX-QUARK STATES AND THE NN-POTENTIAL
M.Harvey
Invited talk at the International Conference on Baryon Resonances,
Toronto, July 14-16, 1980.
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(1) Summer student from the University of Montreal;
terminated 1980 August 15.

(2) Joined branch 1980 September 22.

(3) Summer student from Ryerson Polytechnical Institute;
terminated 1980 August 22.

(4) Joined brancf. 1980 September 22.

(5) Joined branch 1980 September 29.

(6) Summer student from Queen's University; terminated
1980 August 22.

(7) Terminated 1980 September 26.

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

(9) Summer student from St. Mary's University; terminated
1980 August 29.

(10) Transferred from Technical Information and University
Relations Division 1980 August 18.

(11) Waterloo University Co-op student; terminated 1980
August 28,

(12) Temporary from Nuclear Physics Branch,
1980 September 02.
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5.2 GDC 6600/CYBER 170 System

5.2.1 Operating System

D. McPherson and C.J. Tanner

In preparation for an expansion of the CYBER 170
memory, modifications have been made to the operating system
to accept specification of the maximum memory to be required
by a job, and to schedule large core jobs into execution
only when availability of the memory required can be guaran-
teed.

5.2.2 Subroutine Libraries

5.2.2.1 AELIB Modifications

G.L. Klawitter and L.E. Evans

On 1980 July 21, the existing AELIB routines,
ZERO,SMOOTH,BESGEN and PLT were modified.

During this quarter Revis ion B to the AELIB User's
Manual, AECL-6076, as reported in PR-P-126, 5.2.3.1; AECL-
7055, was issued to all holders of this manual. The rev-
ision covers all AELIB changes up to and including 1980
May 20.

5.2.2.2 Subroutines for Thermodynamic Properties of
Steam and Water"

W.N. Selander and M.D. Kent

Rational minimax expressions have been developed
i!or most of the principal thermodynamic functions along the
saturation line, including pressure, liquid and gas volume,
and liquid and gas enthalpy. Properties, including surface
tension, viscosity and a new formulation for thermal conduc-
tivity, have also been coded. These will be installed in
the subroutine library when testing is complete.

5.2.2.3 Sparse Matrix Subroutines for AELIB

J.M. Blair and K.D. Clark

A set of FORTRAN subroutines for solving a sparse
system of linear equations has been received from the
Harwell Subroutine Library. These are in modular form and
have been modified in preparation for adding them to the
AELIB library of FORTRAN-callable routines on the CRNL CDC
6600/CYBER 170 system. The user will call the following
entry points: SPRSDI - to decompose an initial matrix
structure, SPRSDS - to decompose a matrix of similar struc-
ture, SPRSCL - to calculate scaling factors, and SPRSLV - to
solve the equations Ax=B. Installation test decks for these
routines have been prepared. Documentation remains to be
completed.
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5.2.2.4 Modification to AELIB Subprogram AIKINT

D. Pathria and J.M. Blair

Two possible alternatives to the AELIB inter-
polation function AIKINT are currently being tested. Both
functions, based on Aitken's iterative interpolation method,
permit a greater degree of user flexibility than that allowed
under AIKINT. Data values which are not in monotonically
increasing order are accepted by the routines and the user
may specify whether absolute or relative convergence is
being sought.

The two routines differ in the manner by which
they choose the data points to be used in the interpolating
process. Thus the results returned by each differ slightly
and these are now being studied to determine which function's
performance is likely to be superior when applied to a
particular type of problem.

5.2.3 Graphics

5.2.3.1 CALCOMP Routines'

C.F. Austin and G.N. Williams

A new version of the CALCOMP routines has been
prepared. This version creates a device-independent file
directly, using calls of the BAGDAMS Version 2.0 routines,
instead of a PLOT file. This has eliminated the restrictions
on character sizes and angles of rotation which are present
in the current version.

5.2.3.2 PLOT79 Plotting Package

C.V.. Williams

The PLOT79 plotting package has been received from
the University of Utah, and a working version is being
created for testing. The PLOT79 package contains an imple-
mentation of the proposed Core Graphics Standard now being
considered by ANSI, and a revised and well-documented
version of the "Mexico Plot package" in which a number of
CRNL users had expressed interest,

5.2.3.3 PLOT - CALCOMP Interface

D.G. Stewart

Most graphical output from programs developed for
the CRNL computers is produced by a subroutine called PLOT,
which generates a plot file formatted for use by a plotting
system unique to CRNL. The transfer of such a program



- 71 -

to another computer, therefore, requires that calls of PLOT
be replaced by appropriate calls to whatever low-level
graphics routines are available at the other installation.
To eliminate, or at least minimize, the need for source code
changes when a program using PLOT is to be exported, a
version of PLOT has been prepared which calls the (near3y)
standard CALCOMP routines instead of writing the plot file
directly. Sequences which cannot be handled directly and do
require source code changes are diagnosed.

5.3 PDP-10 System

M. Shaarani

This familiarization period was spent studying
some of the documentation on the DEC system-10. Of partic-
ular interest were the editors, the main utilities, and the
file handling techniques. In addition, on-hand experience
was obtained with the daily, weekly, and monthly backing up
of disc files.

Some system crashes occurred, and in each case, an
effort was made to understand the cause of the crash, and
bring up the system as soon as possible.

The tape drives were cleaned and tested, and some
modules from the DM-10 multiplexer were replaced because of
failure. The Intel memory failed once, as did one of the
discs, causing some inconvenience over a weekend.

5.4 Tandem-SCC Control System

5.4.1 Modified IGOR Assurance-testing Program

L.D. Hansen

The IGOR assurance-testing program was changed to
match changes in both the IGOR and IGOR test module hardware.
The new hardware and software have been commissioned.

5.4.2 Indirect MCR Command Processing

L.D. Hansen

Two problems have been found in the user-supplied
package for indirect command file processing under RSX11-D.
Firstly, the controlled sequencing of commands was incorrectly
designed such that the indirect MCR program could fail.
This design defect was overcome with corrective code that is
now working successfully. Secondly, opening nested indirect
command files has a fault which has been observed as a
reproducible fault for some files but not reproducible for
all files. This problem remains under ihvestigation.
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5.4.3 Field Mapping Data Handling

L.D. Hansen

An indirect MCR command file has been prepared
that aids cyclotron field mapping data processing by pro-
viding an automated method for preparing magnetic tapes for
transfer of the mapping data to the computation centre.

5.4.4 Microprocessor Commissioning

L.D. Hansen

An LSI11/2 auxiliary crate controller and crate
resident memory has been partially tested and seems
satisfactory.

5.4.5 CAMAC Modules for the SCC Control System

L.D. Hansen, et al.

See PR-P-127; 2.25; AECL-7102.

5.5 PDP-11 Neutron Spectrometer Control System

H.G. Keech

An important component of the control system being
developed for the neutron spectrometers (PR-P-126, 5.5;
AECL-7055) is an extensive edit/test program for the scan
and master card data.

To date, a package of 19 routines has been written
and assembled. It is necessary to overlay these routines
into two programs which are chained together, due to the
reduced memory available on the PDP 11/34 when operating
with REMOTE-11.

The edit program creates a 4-block disc data input
file for the C5 control program, it also manages the creation
of sufficient disc space for the two output files generated
by the control program.

5.6 Nonlinear Equations of Face Seal Dynamics

W.N. Selander and E.G. Long

A more complicated set of nonlinear equations,
reflecting more realistic physical models, has been solved.
These equations are solved semi-analytically; that is, the
four equations are reduced to one or two, depending on the
model, and these are solved numerically. A complication is
caused by the occurrence of boundaries in the solution space
which are implicitly defined and beyond which no solution
exists.

Convergence and accuracy appear to be satisfactory.
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5.7 Heat Calculations in 2.5 MeV Li(p,n) Target

W.N. Selander

Choice of materials and geometric design have been
considered for the base of a lithium target for a (p,n)
neutron source which generates 25 kW of heat. Neutron-
capture and other considerations appear to limit the choics
of metals to aluminium, beryllium or zirconium, or theirg .
alloys. Due to target geometry, a high heat flux (>3xlO W/m )
results.

Vapour-pressure considerations at the lithium-
vacuum interface require that the maximum Li temperature be
limited to 400 C. Although this appears to be achievable
with forced convection cooling of the target base, boiling
heat transfer may be a better choice. The investigation is
continuing.

.5.8 Stress Analysis Programs

MARC - General

S. Baset

An introductory MARC course was offered by
S. Baset for users at the Engineering Company on 1980
September 25-26. This course dealt with a general overview
of MARC documentation, main input requirements, and soft-
ware organization as demonstrated by examples in the fields
of linear analysis, buckling, shells, elastic-plastic and
heat transfer analyses.

The new release of MARC-J1 was received. Prelim-
inary testing has shown some errors in the PRELOADER and
out-of-core solution algorithm. These errors were reported
to MARC Analysis Research Corporation.

5.9 Two-Phase-Flow Analysis

D.G. Stewart

A listing of a subroutine for use in FORSIM was
received by M.B. Carver of Engineering Research Branch, from
N.P. Kolev, B. Manahilov and Ch. Dimitrov, Institute of
Nuclear Research and Nuclear Energy, Sofia, Bulgaria. The
subroutine simulated a homogeneous equilibrium flow model
for single heated channel as a part of a code for transient
analysis of pressurized water reactors. The code contained
calls to routines for steam-water properties which were not
available. These calls were replaced by calls to steam-
water routines STPH package developed by S.C. Cribbs and
R.L. Feich (WNRE-467) resulting in successful duplication of
the original output. The code will be run concurrently at
CRNL and INRNE to furnish results for a joint paper on the
use of the pseudo characteristic method for transient two-
phase-flow analysis.
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5.10 Neutronic Calculations of Fusion-fission Reactor Blankets
Containing Molten LiFBeFp as Coolant and Tritium Breeding
Material

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

To explore the possible advantage of using molten
LiFBeF. (FLIBE) as the blanket coolant and also as the
tritium breeding material, in blankets designed to breed U-
233 and Pu-239, we have completed a neutronic evaluation of
various blanket arrangements using FLIBE, with allowances
also for different Li content in the lithium of FLIBE. Our
results indicate that neutronically FLIBE is not as promising
a material as one would hope, neither as a blanket coolant
nor as a tritium breeding medium. For example, when the
lithium breeding zone was FLIBE-cooled lithium-metal or
FLIBE-cooled Li-0 (natural lithium in all instances), the
best breeding ratios obtained for a reference U-Th blanket
were ^0.6 for U-233 and ^0.3 for Pu-239; when the lithium
zone was all FLIBE, good results (i.e. self-sufficiency in
tritium production) were obtained only when the Li content
in FLIBE was increased to 70% (atomic) of the lithium, '-.he
breeding ratios obtained being ^0.65 for U-233 and 0.4 for
Pu-239. The reference blanket, with natural lithium-metal
as coolant and tritium breeding material, gives breeding
ratios of 0.76 for U-233 and 0.38 for Pu-239.

5.11 Allowed Capital Costs for Fusion-fission Hybrid Breeders

P.Y. Wong

One way of providing an economic assessment of
various fusion-fission hybrid breeders is to compare the
allowed capital costs for these devices on a consistent
basis. The allowed capital cost method (see AECL-4840 and
references therein) is based on the cost comparison of a
thorium cycle CANDU reactor complex using U-235 as makeup
fissile fuel with a similar reactor complex using fissile
material produced in a breeder to replace the makeup U-235
feed. One limitation of this cost model is that the breeder
in the coupled breeder-CANDU system must be sized to produce
just enough makeup fissile fuel to drive the CANDU reactor;
there is no provision in the model to allow the breeder to
breed excess fissile fuel. !

We have now generalized the cost method to cover a
hybrid breeder which produces excess fissile fuel. The
generalization now permits the calculation of allowed
capital costs for various fusion-fission hybrid devices.
The cost ratio (i.e. given capital cost over allowed capital
cost) thus derived would give a more meaningful basis for
assessing the economic performance of a given breeder.
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5.12 Evaluation of the NUSHLD Muclear Data Library

P.Y. Wong

Further evaluation of the NUSHLD nuclear data
library (PR-P-126, 5.8; AECL-7055) has been made. For the
various sample shields used in the testing, the maximum
discrepancy in dose rate due to the old and new libraries
was ^8.8%. A data error in the old library was also exposed
as a result of the comparison. W.H. Pettipas of Process
Systems Design Branch has now adapted the new data library
for shielding design calculations.

5.13 COBRA-IV

P.Y. Wong

Version FIX-15 has been implemented and tested.
While our test cases passed FIX-15 satisfactorily, we are
asking our users to try out this version before we adapt it
as the default version. FIX-15 includes corrections to an
error in the calculation of lateral flow resistance and an
area change parameter which could have an impact on our
users' applications.

5.14 Information Handling Programs

5.14.1 MANUALS

K.D. Clark and E.G. Long

The MANUALS program, (see PR-P-115, 5.15 (iii) ,
AECL-5996), which maintains a file of holders of CDC ref-
erence manuals and produces reports of the manuals held by
an individual, has been modified to facilitate changes to
the list of manuals currently available.

5.14.2 Personnel Radiation Recording System

E.G. Long

(See PR-P-124, 5.14.2, AECL-6788.)

A draft of the PRRS Users' Manual has been pre-
pared and circulated.

The line-printer output of the PRRS updating
program has been reformatted to improve its readability.

R.M. Holford of the Health Physics Branch has
submitted a proposal for changes to the PRRS system and
these are currently being implemented.
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5.14.3 WNRE Employment Office Data Retrieval Project

K.D. Clark

A file of applicants1 data has been reinitialized
for the Employment Office of WNRE. The QUERY UPDATE data
storage and retrieval facility is used for data manipulation
and report generation. Four Interactive Procedure Language
(IPL) routines were established on the CDC 3300 computer to
create and submit data-manipulation jobs using a data file
constructed via the interactive editor. Selection condi-
tions in a simplified format are entered at the keyboard
during use of the routine which submits a job to condition-
ally select and report records. The submitted jobs use
FORTRAN routines to report records inserted, modified, or
deleted and to rewrite the selection conditions in the
format required by QUERY UPDATE.

5.14.4 Program HOP01

M.T. Boulanger

The COBOL program HO001, written for Peter Goddard,
CIS, provides address transactions for the CYBORG payroll
system. The output file consists of a pair of address
transactions, grouped behind a batch card, where each batch
card represents a different payroll division.

5.14.5 Fuel Bundle Database Demonstration

E.G. Long

Programs were written for M. Tayal, AECL-EC, to
demonstrate how UPDATE may be used to maintain a fuel bundle
database. The demonstration included the creation of a
database, several updates to that database, and the extrac-
tion of data from the database for subsequent input to a
processing program.

5.15 Data Reduction and Analysis

5.15.1 Analysis of Airborne Releases for CRNL

C.A. Wills and D.F. Dixon (Chalk River Environmental
Authority)

Weekly data for the calendar year 1979 is being
analyzed in a manner similar to that described in PR-P-126,
5.11.2, AECL-7055. Tritium release is being analyzed for
Buildings 163, 375 and 468, and release of unidentified 0
for Building 163.
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5.15.2 Data Processing System for Analysis of Fuel Defect
Experiments

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

The analysis of a calibration test in the X-2 loop
indicated that the calculation in GRAAS of the background of
a spectrum was very sensitive to small changes in the area
of a peak with a step in the background. A new model was
proposed to fit one or more peaks superimposed on a back-
ground that is linear on each side of the set of peaks. The
two lines representing the background meet at the mean of
the most intense peak, possibly forming a step. The mode':.
has been tested and gives better results in many cases. A
method of separately solving for the linear parameters in
the model is being developed in order to decrease the number
of parameters in the non-linear fit.

5.15.3 Modifications to Programs for Analyzing
DHA Molecular Data

G.L. Klawitter

In conjunction with the work started for M.C. Paterson,
Radiation Biology Branch, on alkaline elution, as reported
in PR-P-126, 5.11.3; AECL-7055, a program named ALKELUT has
been completed. ALKELUT converts alkaline elution data from
cpm to dpm and stores the results in index sequential file
FRACTIONS for later analysis. In addition to completing the
program, a control card and input card sequence description
for ALKELUT was completed.

Currently, a program to analyze the alkaline
elution data stored in file FRACTIONS is being written.

5.16 Miscellaneous Programs and Subroutines

5.16.1 Recomputation of Rational Minimax Approximations to
Phase Functions

M.T. Boulanger and C.A. Wills

Previously reported approximations to the phase
functions used in computing the J & Y Bessel functions (PR-
P-121, 5.13 (i), AECL-6530) are being recomputed in order to
test their accuracy near the zeros of the Bessel functions.

5.16.2 UHIVAC to CDC Program Conversion

D.G. Stewart

Information Analyses of Environmental Data pro-
grammed for the UNIVAC computer were implemented on the CRNL
system. One routine was replaced by SPSS (Statistical
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Package for the Social Sciences) with the preparation of
SPSS input data by a FORTRAN program. The whole package
runs to completion with a final analysis by SPSS. Changes
were also included using CCL (CYBER CONTROL LANGUAGE) for
error exits and the choice of routines to be executed.

5.16.3 Bias Effects in the Micro-Structure of
Radiation Induced Creep

J.M. Blair and S.R. MacEwen (Materials Science
Branch)

See PR-CMa-54; 4.4.1(c); AECL-7156.

5.17 Operations

5.17.1 Building Extension

B.B. Ostrom

The extension to the computer operations area of
Building 508 was completed. The current disc storage system
has been moved into the area, and power distribution cables
for new disc equipment installed.

Discussions concerning the power distribution
system for the new front-end computer system were started
with Plant Design.

5.17.2 Uninterruptable Power Supply

B.B. Ostrom

Discussions and preliminary design work on an
uninterruptable power supply for the computing facility were
started with Plant Design.
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5.17.3 Computer Use by Division

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

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

Number

1,
23,
1,

33,
2,

& University Relations 4,
Health Sciences
Chemistry & Materials
Physics

4,
2,

. 9,
Electronics, Instrumentation

& Control
Advanced Projects &

Reactor Physics
Fuels & Materials
Administration
Finance
Operations
Maintenance. &

Construction
General Services
Plant Design
Special Projects
Environmental Authority
Others

*

12,
11,

2,
3,

1,
3,

121,

71
.096
,164
986

845
352

580
886
622
866

956

949
326
878
705
296

0
86

017
335
21
12

049

of Jobs

(0
(0

(19
(1

(27
(1

(3
(4
(2
(8

(0

(10
(9
(0
(2
(2

(0
(0
(0
(2
(0
(0

.06%)

.91%)

.14%)

.64%)

.96%)

.94%)

.78%)

.04%)
,17%)
.15%)

.79%)

.70%)

.36%)

.73%)

.23%)

.72%)

.00%)

.07%)

.84%)

.76%)

.02%)

.00%)

Utilization
System

32
1,011

269

321
40

50,
58,

291,
245,

22,

366,
146,
6,

82,
100,

10,
16,

129,

3,203,

236
,846
,672
,029

,024
,203

,895
,848
,264
,514

,445

.675

.686

.372

.382
167

46
943
291
675
45
38

296

Second -

(0.
(1.

(31.
(8.

(10.
(1.

(1.
(1.
(9.
(7.

(0.

(11.
(4.
(0.
(2.
(3.

(0.
(0.
(0.
(4.
(0.
(0.

,01%)
,03%)
58%)
40%)

.0?%)
26%)

59%)
84%)
09%)
66%)

70%)

45%)
58%)
20%)
57%)
13%)

00%)
34%)
51%)
05%)
00%)
00%)
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5 .18 Reports, Publications and Lectures

Publications

COMPUTING CENTRE NEWSLETTER, Vol. 7, Nos. 7, 8 and 9,
L.E. Evans and E.A. Okazaki, Editors.

APPLIED MATHEMATICS PROBLEMS IN AN R & D ENVIRONMENT
W,N. Selander and R.G. Jarvis
Canadian Applied Mathematics Society, Symposium on Numerical
Computation/Symposium on Fluid Dynamics, University of
Calgary, Calgary, Alberta, 1980 June 9-11.

CENTRAL PERSONNEL RECORD SYSTEM MANUAL
C.J. Tanner and M.E. Ferguson
Published by Corporate Information Services,
1980 June.

CENTRAL PERSONNEL SYSTEM DESIGN MANUAL
C.J. Tanner
Published by Corporate Information Services,
1980 June.

Pu BREEDING IN FUSION REACTOR BLANKETS
S.A. Kushneriuk and P.Y. Wong
Paper presented at ths 1980 CAP Congress held at McMaster
University, 1980 June 16^-19.

Lectures

INTRODUCTION TO THE MARC PROGRAM
S. Baset
Engineering Company, 1980 September 24 - 26

FORTRAN VI
D.G. Stewart
Algonquin College of Applied Arts & Technology, Continuing
Education Course, CRNL, 22 September to January 1981.

INTRODUCTION TO SPSS
C.A. Wills
CRNL, 1980 September 09
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6.1 Staff

BRANCH HEAD:

Professional Staff

C
J
K
B
L
E
J
S
C
J
R

G,
J,
H,
S.
M.

.B

.C

.C

.G
• W,
.A,
.D.
.B.
.R.
.A.
»M •

J.
.E.
,H.
,R.
.0.
,R.
J.

. Bigham

. Brown

.D. Chan

. Chidley

. Funk

. Heighway

. Hepburn
, Hodge
J. Hoffmann
, Hulbert
Hutcheon
McKeown
McMichael
Ormrod
Schneider
Schriber
Shubaly
Ungrin

(1)

(2)

i

Mechanical Laboratory

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

E.
J.
,T.
I.
W.
F.

Anderchek
Bakewell
Kelly

G. Labrie
Warren
Weaver

Attached Staff

L.
J.
0.
P.

Dallin
Labrie

(7)
(8)

Visitincr Professor

Y.M. Shin (9)

r.S. Fraser

Technical Staff

R
L
R
H
D
M
K
L
B
K
A
R
J,
S,
J,
P.
w.
R.
A.

.T.

.F.

.J.
• F.
.W.
.F.
.A.
.E.
• A.
.J.
.B.
.P.
.C.
,H.
.E.
.J.
,L.
.A.
,E.

Labn

K.
J.
T.
J,

F. Bird
, Birney
, Burton
, Campbell
Clements
Coulas
Dobbs
Geoffrey
Gillies
Hohban
Hood
Houtman
Jones
Kidner
McGregor
Metivier
Michel
Vokes
Weeden

(3)
(4)

(5)
(6)

"atory Services

ticKee
Murphy

Secretarial Staff

Mrs. M.A. Trecartin

Summer Students

R.
L.
N.

M.
R.
R.

J-P.

Beauprie
Lewis
Osborne
Rossi

(10)
(11)
(12)
(13)

Short-Term Technician

(1) Returned from posting at Los Alamos Scientific
Laboratory 1980 August 27.

(2) Posted to Rutherford and Appleton Laboratories,
Oxfordshire, England, 1980 August 15.

(3) Resigned 1980 August 22.
(4) Resigned 1980 August 29.
(5) Transferred to Instrument Development Branch

1980 August 18.
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(6) Waterloo Student, arrived 1980 August 25.
(7) Attached Staff from Ui^.versite de Montreal,

arrived 1980 September 08.
(8) Attached Staff from University of Saskatchewan,

Saskatoon, arrived 1980 September 19.
(9) Visiting Professor, returned to University of

Saskatchewan, Saskatoon, 1980 August 31.
(10) Summer Student, resigned 1980 August 22.
(11) Summer Student, resigned 1930 August 22.
(12) Summer Student, resigned 1980 August 28.
(13) Summer Student, resigned 1980 August 29.
(14) Short^Term Technican, effective 1980 August 29.
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6.2 Nuclear Power Applicatioas

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. Initial measurements
of proton beam acceleration in the 3 MeV Alvarez structure
have been in agreement with calculations. Preliminary
experiments on the extraction of 550 mA of beam at 42 keV
indicate that high current cw proton beam requirements
should be met for injection voltages less than 50 kV.
Design studies of an improved Alvarez structure (output
energy "\> 2.6 MeV) and an RFQ structure are underway that
will provide information for the design of a 10 MeV, 300 mA
proton accelerator.

6.2.1.1 Ion .Source and Injector Development

M.R. Shuba?.y .

Development of the high-current relicx-arc ion
source continues on the Ion Source Test Stand and on the
Injector Test Experiment. A beam of 550 mA of mixed hydrogen
ions at 42 keV has been run on the Injector Test Experiment - a
facility set up to provide reliable and high quality 50 keV,
0.5 A dc proton beams. Modifications to the source geometry to
improve plasma uniformity across the extraction array are
underway. A conceptual design .for a four-beam xenon ion source
for heavy ion fusion applications has been prepared.

6.2.1.1.1 Ion Source Test Stand

An arc current instability that was initially
thought to be caused by the ion source was related to poor
regulation in the arc supply damaged by spark-induced
transients. Extensive repairs were required to regain
proper operation. Modifications to the data acquisition
system of the emittance measuring unit to improve
reliability are underway.

6.2.1.1.2 Injector Teat Experiment

Assembly of the beamline power supplies and
control system is essentially complete with only the bending
magnet and some diagnostic chassis to be installed. Initial
problems with the high voltage power supply were traced to
a plugged cooling line. Some damaae to power supplies in
the high voltage dome occurred during initial operation.



- 85 -

First beam was achieved August 29 (200 mA, 20 keV).
A 42 keV, 550 mA mixed beam (limited by the present source
configuration) was the highest current run to date. The
diameter of this beam was larger than desired. Heating of the
first defining aperture and the first vacuum manifold limited
runs to 15-20 minutes. Changes to the source and column to
reduce beam divergence are planned.

6.2.1.1.3 High Current Ion Source

The larger extraction column installed previously
has permitted operation with larger diameter extraction
arrays. A series of experiments have been carried out to
study the effect on plasma uniformity across the extraction
array from changes in the plasma source internal geometry.
The uniformity is most strongly affected by the diameter and
length of the ceramic in the PIG region of the source, with
the uniformity improving as the diameter is decreased - quite
the opposite of the expected variation. Uniformity seems
only weakly dependent on anode and intermediate electrode
canal diameters. This study continues.

Many laboratories are using ion sources based on
multipole magnetic cusps. Information from a working visit
to Germany indicated that the scaling of these sources was
not well understood, and source efficiency for moderate
currents (< 5 A) is poor. Three cusp electrodes having
different diameters s^d lengths have b«en fabricated to study
scaling effects. Initial measurements show that, over the
size range studied, smaller diameter, shorter cusps give
high current density for a given arc and coil current.
However, the current density does not scale with the volume
as predicted by theory. Efficiency is poor - the small cusp
having a current density a factor of six smaller than the
standard source that uses a ceramic approximately the same
inside diameter and length as the cusp. This study will
continue since these sources are useful for very high
currents.

6.2.1.1.4 Other Studies

A conceptual design for a four beam xenon source
for heavy ion fusion has been prepared. Each beam module
uses a single 8 nun diameter plasma aperture operated at
relatively low current density to improve the fraction of
Xe+1. Total column voltage is 245 kV and current per channel
is 29 mA. The column incorporates an Einzel lens for beam
focusing. Plans to test the extraction geometry have been
shelved as, with the high current in a single beamlet,
electron suppression cannot be achieved with reasonable
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electrode geometries or suppression voltages. Magnetic
field clamping experiments to reduce interaction between
source modules is underway.

6.2.1.2 Code Development

B.G. Chidley, G.E. McMichael and M.R. Shubaly

Modifications, improvements and developments in
beam dynamics, beam transport, magnet design and rf cavity
design codes are important in designing and understanding
the operation of accelerators. Work continues in this area.

6.2.1.2.1 PARMILA

Further improvements have been made to allow
frequency steps between tanks and to use the output of one
run as input to a subsequent run.

6.2.1.2.2 BEAM

Development of an improved Beam Extraction and
Acceleration Modeling code (BEAM) is underway. This code
is based on the Chalk River version of the code AXCEL
(developed at Oak Ridge National Laboratory) with the
addition of space charge relaxation calculation and space
charge neutralization by collisions in the residual gas from
the SNOW code (developed at Sandia Laboratories). A more
flexible beam input routine has been devised.

6.2.1.2.3 General

A number of computer programs were obtained from
LASL and are being modified for the CRNL computer system.
The programs include RFQ design and beam dynamics codes,
various utility programs, Hermannsfeldt's electron gun
program (as modified at Frankfurt) and HETC (a high energy
transport code).

Although all of these programs were written in
FORTRAN they were slightly different versions and the com-
puter operating system was quite different so that in many
cases considerable effort is required to get the programs
operational.

Six of the beam dynamics programs are now
operational, the electron gun program will run but is
suspected of still containing errors, and the HETC program
will compile but is too large to load so the structure of
the rtorage is being modified.
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6.2.1.3 High Current Test Facility

J.C. Brown, S.B. Hodge, G.E. McMichael,
S.O. Schriber and J. Ungrin

This facility has been built to study acceleration
of 100% duty cycle proton beams to energies up to 3 MeV with
currents in excess of several raA.

6.2.1.3.1 Injector

Injector operation was interrupted early in the
quarter by a failure of the fibre-optic communication links
between the high voltage dome and ground potential. The
injector had been shut down awaiting Alvarez tank changes.
During initial turn-on two arc downs occurred at about
250 kV which resulted in extensive damage to the protective
plastic casing of the fibre-optic bundles and to the complete
loss of transmission in two bundles. Only the first 3 m of
the 15 m long optical bundles are subjected to high voltage.
By reversing the ends of the bundles it was possible to use
an undamaged section in the high voltage field again. Two
spare units existed and following repairs to the plastic
casings, the system was again operative.

No specific cause could be linked to the fibre
optic failure. These units have been operating for 8 years
and have survived several thousand arc downs at 750 kV.

A water leak occurred in the generator of the
10 kHz motor generator which supplies the 750 kV power
supply. This was traced to a pin hole leak in a cooling
water header within the generator shroud. Following the
successful seal of this leak, the injector was high-voltage
conditioned and has supplied low current beams to the
Alvarez accelerator.

6.2.1.3.2 Rf System

Operation of the triode and tetrode high power rf
systems was satisfactory. Minor problems with tuning
plungers were resolved quickly. Tests on the buncher rf
drive system show that the unit meets operational specifi-
cations .

6.2.1.3.3 Buncher Cavity

Tuning of the buncher cavity continued with pulling
of one end plate to raise cavity frequency. Following
replacement of the end plate stiffening bracket, final tuning



- 88 -

was attempted by squeezing the end walls to obtain a small
permanent deformation. However it became apparent that the
resultant gap spacing could not be maintained within
tolerance when vacuum and cooling channel pressure was
applied. An adjustment frame was permanently installed on
the cavity allowing convenient frequency adjustment by
varying end plate compression.

The cavity was mounted on its vacuum pump and
temporary cooling connected for high power testing. It was
operated in air up to 125% of required gap voltage. Prepara-
tions for vacuum operation are underway.

6.2.1.3.4 Alvarez Tank

Following operation up to 4U kW with the new drift
tube stem collars as reported last quarter (PR-P-1.76,
6.2.1.4.4; AECL-7055), the rf drive loop was removed to
inspect the collars. No change in their condition was
visible. The tank was then sealed and re-evacuated. Rf
conditioning to a power level of 150 kW was relatively
trouble free with very li'ttle outgassing from the tank.

A 300 pA, 750 keV proton beam from the injector
was drifted through the tank without rf power to optimize
transport element settings. Greater than 95% of the beam
reaching the second bending magnet was transported to an
electrically isolated beam dump beyond the tank. Beam
acceleration was attempted and on September 5, at a tank
power of 120 kW, fast neutrons were observed from the tank
beam channel indicating that protons were being accelerated
above the 2.16 MeV threshold energy required to produce a
(p,n) reaction with protons striking the copper drift tubes.

For the rf power r^nge 120-150 kW, depending on
the drift tube quadripole setting, up to 55% of the injected
dc beam current was transmitted through the accelerator.
Beam dynamics calculations for an unbundled beam predict a
maximum accelerated current transmission oif % 23%r indicating
that more than 50% of the transmitted beam is low energy.

45
A Cc target was used to check that the design

field was L.ing attained in the accelerator.. The threshold
energy for the 45Sc(p,n)45Ti reaction is 2.908 MeV which is
about 0.1 MeV below the tank design energy. Observation of
fast neutrons from the reaction is complicated by fast
neutron background from lost beam reactions with tl>e drift
tubta. It is possible to observe the radioactive decay of
*5Ti which decays to *5Sc primarily by positron emission
with a. half-life of 3.1 hours. A Nal scintillation counter
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and a pulse height analyzing system were used to observe the
0.511 MeV annihilation gamma rays from the ^^Ti targets.
The threshold rf power for the reaction was found to be
120 JcW. The radioactive decay of the activated target was
followed for 20 hours and, a half-life of 3.3 ± 0.3 hours was
obtained providing positive identification of the reaction.

The measured quality factor, Q, of the Alvarez
tank at room temperature is 42,800. Beam dynamics calcula-
tions predict a threshold rf power of 112 kW to accelerate a
750 keV beam to 3.0 MeV. The 120 kW value observed is % 7%
higher than predicted. This difference may be due to errors
in rf power calibration or can be accounted for by a 16°C
temperature rise of the copper skin surface resulting in
increased resistivity and a l^wer Q.

Beam dynamics calculations predict that the thres-
hold power to accelerate protons above 2.16 MeV is essentially
the same as that to accelerate to 3,0 MeV. This was confirmed
by the observed power thresholds for the reactions on copper
and scandium. The observation of fast neutrons from the tank
was therefore used to determine threshold rf power as a
function of injection voltage from 700 to 775 keV. Heutron
count rate as a function of rf power is shown in Fig. 6.2.1
for various injection voltages. Figure 6.2.2 shows a com-
parison of measured thresholds compared to calculated values
both for the measured Q and for a Q that is 7% lower. The
measurements and the fit to the threshold data indicate that
a power of 166 kW is required to achieve the design fields
for cos <j>s = 0.9.

Changes in the emittance unit from the 750 keV beam
line have been completed and the unit is being installed on
the high energy beam line beyond the Alvarez tank. A surplus
analyzing magnet has also been obtained and is being modified
to fit the beam line. These two units will be used to
measure the emittance and energy spectrum of the accelerated
beam.

A work order has been issued for the coupling loop
with a vacuum window placed A/2 from the loop.

Tests on a rolled joint copper seal that could be
used for a replacement drift tube stem (# 24 drift tube)
were successful. This change would give early verification
of a means to support drift tubes in 100% duty factor
Alvarez tanks without collars.
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Fig. 6.2.1 Fast neutron flux from copper target for
different injector voltages.
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6.2.1.4 Zero Energy Breeder Accelerator

J.C. Brown, S.B. Hodge, G.E. McMichael,
S.O. Schriber and J. Ungrin

As an extension of the present high current proton
accelerator program to higher energy and current, the design
requirements for a 10 MeV, 300 mA cw proton linac, ZEBRA
(Zero Energy Breeder Accelerat_r) are being studied. This
accelerator would be a test of the initial stage of an
electronuclear breeder and would be used to study injection,
engineering, beam loss, beam transmission and emittance
growth problems. The accelerator, which is presently at the
conceptual design stage, will consist of a low voltage
(a. 50 kV) dc injector, a biased radiofrequency cjuadrupole
(RFQ) section ('v 100 MHz) and a drift tube iLinac (DTL)
(% 200 MHz). The transition from the RFQ section to the DTL
will occur in the 2.0 - 2.5 MeV range.

A first design of the RFQ tank has been done with
the assistance of the Los Alamos Scientific Laboratories.
The input and output beam, characteristics from this 100 MHz
design will be used to determine injector and DTL character-
istics. 2 MW of rf power are required to power this 2.7 m
tank (including the 0.565 MW beam power) with a 2 cm diameter
output aperture. A 500 MHz laboratory "cold-test" aluminum
model of the RFQ has been designed and is being fabricated
in the shops.

The Alvarez section of ZEBRA will incorporate a
number of new construction and design concepts not included
in the existing 3 MeV tank. To test these concepts a 268 MHz
2 ex tank (2BLAT) will be built that matches our injector and
models the first ZEBRA tank. The accelerator with an input
energy of 600 keV will permit investigations of shaped drift
tube faces, high accelerating gradients, rf tuners, improved
cooling, permanent magnet quadrupoles, post couplers and a
modular drift tube suspension.

In addition, a simple resonant cavity is being
designed to test transmission of 400 to 500 kW of rf power
to a resonant load and to serve as a test bed for different
components of resonant structures.

6.2.1.4.1 Resonant Load

The ZEBRA accelerator will require coupling loops
and windows capable of coupling rf powers in the 500 kW
range to Alvarez tanks. An 83 cm diameter by 1 m long
aluminum tank, resonant at */0 MHz and capable of dissipating
400 kW is being built. This resonant load will be used to
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test various loop and window designs and will also include
a number of flanges to test post coupler, tuner, and drift
tube stem mounts. The frequency was chosen to match existing
rf equipment.

Detailed drafting is now in progress and material
for the tank shell has been ordered.

6.2.1.4.2 Two Beta Lambda Alvarez Tank (2BLAT)

The design for 2BLAT continues to evolve. A
search at various accelerator laboratories for copper clad
steel for the shell was unsuccessful and the tank will be
fabricated from "3/4" thick copper that is on order. The
tank will employ two 15 cm tuners.and a coupling loop
diameter of 23 cm (9 inches). Details of drift tube stem
mounts and penetration through the tank outer shell have
not been decided and await further tests on the present
Alvarez tank.

A 50 cm diameter 23 cell aluminum Alvarez tank has
been acquired from previous tests and is being adapted for
tests with post couplers.

A purchase order has been placed for 5 permanent
magnet quadrupoles which will be tested in the accelerator.

6.2.2 Electron Test Accelerator

J. McKeown

This 4 MeV 100% duty factor accelerator was used to
continue studies in accelerator structures and control systems.

6.2.2.1 Accelerator Operation

K.C.D. Chan and J. McKeown

An attempt was made to observe changes in shunt
impedance with temperature for the Model 3 structure. The
method was to keep the forward power constant and observe
changes in beam power at a constant current. The experiment
is complicated by the narrow frequency range of the mechanical
tuner end the experiment can only be done by changing the
frequency. In one hour-long run at 3 mA the frequency was
gradually changed over the range 804.5 MHz to 804.9 MHz and
the resonance control and pi.ctse systems of the buncher,
graded-g structure and Model 3 were forced to track by
reducing the inlet water temperature from 55°C to 30°C. This
is a substantial test of the multi-loop stability while
operating at a beam power of 12 kW.
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Interpretation of the data is complicated by the
change in match created by the beam loading and the thermal
transients introduced by the control circuits. The forward
power was kept constant within 1% and measured beam power
did tend to rise by about 2%. The expected rise from purely
resistivity considerations is of this order indicating there
are no anomalous effects. However, the magnitude of the
uncertainties in beam power calorimetry and other structure
parameters are comparable with the effect to be measured.

An experiment to study the possibility of measuring
beam profiles using bremsstrahlung distributions is in
progress. Preliminary results show an energy dependence on
the shape of the signals from self-powered detectors in the
beam dump when the beam is swept from side to side. The
shape is being analyzed with a Fourier analyzer and whether
the sensitivity is sufficient to make the method of practical
value is still uncertain. A parallel computer study using
Monte Carlo techniques is in progress.

During the period the tuner in the graded-0
structure became stuck as braze material from one of the
joints melted during a high temperature run. The tuner was
redesigned with improved cooling and with better vacuum
conductance. The structure is now working satisfactorily.

6.2.2.2 Radiofrequency Power Supplies

J. McKeown

Serial number 101 was removed from the stand 1
following a vacuum failure. It was leak checked and a radial
crack discovered on an edge weld in the second cavity. The
leak was repaired at the second attempt and attempts to
recommission the klystron have begun.

The proposed purchase of 300 kW klystrons is still
under review. The dc power supply quotations have been
received and some changes in the specifications are necessary.
Work has begun on the cooling system design and the design
of the modification to Bldg. 610.

6.2.2.3 High Power Pancake-Coupled Structure

S.B. Hodge and J. McKeown

A new rf adapter has been made and the iris has
been cut to give a VSWR of 1.55. The structure is now ready
to be brazed and finish machining of all parts to begin.
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6.2.2.4 Beam Dynamics

J.P. Labrie (University of Montreal), K.C.D. Chan
and J. McKeown

As part of a collaborative effort between AECL and
the University of Montreal, a study of the beam dynamics of
the ETA injector has been underway.

Computer modeling of the ETA injector is performed
through the code PARMELA, developed at Los Alamos to study
the phase and radial motion of electrons in linear
accelerators. Preparation for measurements of the transverse
emittance in the injector have begun. Designs of a new
injector line, including the possibility of installing a cold
trap to prevent e-gun poisoning are being considered.

6.2.2.5 Computer

K.C.D. Chan

6.2.2.5.1 Hardware

During this period, the Model 70 computer has been
updated by Perkin-Elmer Data Systems (PEDS). The two 8-slots
chassis housing the processor and memory boards have been
replaced by a 16-slots jumbo chassis with the back panel
wiring up to the present PEDS standard. The memory control
and I/O display control have been replaced with more recent
revisions. Presently the Model 70 is running on a 64 KB
memory board on loan from PEDS and the effects of these
updates are being monitored.

In spite of occasional breakdown of peripheral equip-
ments, the ETACON has been running well throughout the period.

A purchase requisition for a Carousel 30 to replace
the ASR 35 as the console teletype has been raised.

6.2.2.5.2 Software

Software development continues. A new version of
PLOTS which allows the use of logarithmic scale has been
created and is presently in use. Several coding mistakes
have also been corrected in the new version. A program for
dumping data from any locations on disk or core memory has
been created. The boat-strap program has been modified and
put on magnetic tape allowing us to start up the system with-
out the need of paper tape. This is necessary for replacing
the ASR 35 which provides the paper tape reader. Presently,
a program is being written to use the signals coming from
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the fourth-harmonic beam position monitor for stabilizing
the electron beam on the accelerator axis. The success of
this type of feedback control will minimize the beam tuning
effort of the operator in the future.

The study of the possibility of adopting a new
operating system OS16MT2 continues including trips to
facilities which have OS16MT2 running in a Model 70 computer.

6.2.2.6 Parity Violation in the Photodisintegration of
Deuterium

E.D. Earle, J.W. Knowles (Neutron and Solid State
Physics Branch) with A.B. McDonald, J.J. Hill,
K. Gamarnik (Nuclear Physics Branch) and L.O. Dallin

See PR-P-126; 3.19; AECL-7102.

6.2.3 Fertile-to-Fissile Conversion Experiments at TRIUMF

B.D. Pate (University of British Columbia), I.M. Thorson
(Simon Fraser University) with J.S. Fraser

Staffing problems have limited the effort in this
quarter to the analysis of the water bath direct conversion
data taken in the previous quarter.

6.3 Research Applications

6.3.1 Fast Intense Neutron Source

J.D. Hepburn

Collaboration with the Health Physics Branch on
development of the 14 MeV neutron source continued. Experi-
ments with new targets, to increase the neutron yield from
the present 1.5 x lO^-2 towards the design value of 4 x 10-*-2

n/s, are underway.

A new titanium tritide coated target has been
received but not yet used, pending experiments with a target
having only a titanium coating. One beam track on a titanium
target has been loaded with beam-implanted deuterium. The
loading charge was about 80 mA«h, the value predicted assuming
a uniform beam current density, 100% capture, and a 1:1 Ti:D
ratio. Preliminary results show the maximum beam current
safely allowable on target to be > 11 mA (better than the
original TiT target). Experiments were interrupted by a
water-to-oil leak in the high voltage power supply. This
leak had been developing for some time, but could not be
found until the recent complete failure. Repairs have been
made, and reconditioning of the oil is in progress.
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The TiD target has a sufficiently high D(d,n)
neutron production (3.5 x 109 n/s per mA incident beam) that
several experiments using these neutrons are planned.

Two target drums and a new internal cooling baffle
have been received from the workshops.

6.3.2 Heavy-Ion Superconducting Cyclotron

J.H. Ormrod

Design and development of a superconducting
cyclotron for a post-tandem accelerator continues. The
magnet is being reassembled with all of the 104 trim rods
installed and the ciyostat modified to accept the radio-
frequency accelerating structure.

6.3.2.1 Cryogenic Systems

6.3.2.1.1 Cryostat Modifications

J.A. Hulbert

The inner wall panels which form part of the rf
accelerating cavity in the cyclotron all showed vacuum leaks
and weld cracking on testing. A previously tested dummy
panel had given no trouble. The difference in behaviour was
traced to a variation in thermal environment during welding,
resulting from a change in jigging to maintain the curvature
of the production panels. Rather than conduct extensive
jigging tests and then remake all the panels, the design was
reviewed in an attempt to eliminate the copper-stainless bond
which was causing the problem. A new design was developed
using three pieces of copper for each panel, the panel itself
being a plain 3 mm copper sheet and the O-ring seal formed
by two loose concentric rings. In the final version the
seal rings were soft-soldered to the panel to reduce the
thermal resistance in the seal region. All five panels are
now complete and leak tested. For the maximum anticipated
thermal load of 500 W per panel, from rf losses, the seal
temperature is calculated to be less than 70°C. Water cooling
channels are being fitted to each wall aperture and thermo-
meter elements are to hand for temperature instrumentation to
check seal conditions and the distribution of rf losses
round the wall at the midplane.

6.3.2.1.2 Cryopump

J.A. Hulbert

The Kk II cryopump has been reviewed and the
arrangements for temperature and helium level instrumentation
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improved. A work order has been placed for construction.
A further trial of the Mk I pump in the rf structure is
planned. There is some indication that a thermal short
circuit due to deformation on cooling may have contributed
to the erratic high coolant evaporation rate and the helium
vessel/cold baffle clearance has been increased.

6.3.2.1.3 Cryostat Instrumentation

J.A. Hulbert

A start has been made on the progressive conversion
of the cryogenic system to computer data logging and control.
NIM modules are being designed for CAMAC fan-out (from
btatus/pulse output (SPO) and ADC modules) and for signal
conditioning from strain gauges, pressure and flow transducers
and temperature indicators.

6.3.2.2 Magnet

6.3.2.2.1 Magnet Reassembly

J.H. Ormrod

The flutter pole assemblies have been returned from
the manufacturer with the remaining 80 trim rod holes drilled
and the axial profile slightly modified. The trim rod hole
locations have been measured and are within tolerance (within
the accuracy of the measurements ± 0.05 mm). The lead-in
tapers to the trim rod holes have been reamed on-site and
the lower flutter pole assembly is being fitted to the pole.
Forty-nine of the fifty-two trim rod holes are aligned and
interference on the other three will require a small
reduction in rod diameter.

The four innermost trim rods in each quadrant pass
through a disc that is part of the flange that supports the
radiofrequency accelerating system. The discs for both the
top and the bottom sets have been fabricated and are being fitted.

The O-ring between the pole and cryostat that
separates the midplane vacuum from the coarse vacuum is
protected by a shoulder on the pole when it is moved in and
out. When the pole is seated, four actuators move a brass
cylinder that forces the O-ring into the gap between the pole
and the cryostat. The brass cylinders and actuators have
been fabricated and installed on both poles.
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6.3.2.2.2 Trim Rods
J.H. Ormrod

In the forthcoming magnet tests the trim rods in
one upper quadrant will be motor driven under computer
control and the remaining trim rods manually adjustable.
Most of the components for the motor drive system have been
received and assembly of the unit is in progress. The
interfaces between the CAMAC modules and the drive system
have been designed and are under manufacture. The MUMTI
program for moving the trim rods and reading their positions
has been written. Installation of the trim rods and holders
will begin when the flutter pole assemblies are dowelled to
the poles.

6.3.2.2.3 Magnet Power Supply
H.R. Schneider

Stability of the current regulation loops of the
dual power supply for the magnet has been reanalyzed, taking
into account the coupling of the two loops through the coil
mutual inductance. Figure 6.3.1 is a block diagram of the
current regulation loops. G a and Gjj are two lead-lag com-
pensated amplifiers with a combined dc gain of 120 dB. The
coupling through the load mutual inductance makes this a two
input, two output multivariable control system.

The stability of such a system can be determined
by computing the open loop transfer function for each loop
in turn with the other loop closed.

In terms of the transfer functions of the circuits
represented by blocks in Fig. 6.3.1 the open loop transfer
function for loop 1, R^(w), with loop 2 closed is given by

T. (u)l
R, (a) = J^

1 +
(w)

where T(<o) is the closed loop transfer function of the
internal ac loop consisting of G. , 6 and H .

Phase and gain plots of Rj_ as a function of
frequency (Bode plots), in Fig. 6.3.2, show phase and gain
margins for this current control loop, of 25° and 27 dB,
respectively. Inclusion of the mutual inductance has the
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Fig. 6.3.1 Block diagram of the current regulation loops
in the magnet power supply.
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Fig. 6.3.2 Bode plot of the open loop transfer function for
the inner coil current regulation loop with the
outar coil regulation loop closed.
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effect of reducing the phase margin by about 13 . With a
minor change in the amplifier compensation this can, however,
be -ecovered.

6.3.2,3 Accelerating Structure

C.B. Bigham

Testing of the accelerating structure will continue
after reassembly of the modified structure in the dummy vacuum
vessel. All modified components have been delivered and are
being readied for assembly. These include new sliding shorts
with the new contacts and new outer conductors. The lower
dee stem was damaged when the inner wall of the outer con-
ductor bulged against it and required straightening. The
cryopump which failed to operate properly in the previous
tests has been repaired. Cooling has been added to the
dummy cryostat wall so that operating periods will not be
limited by the slow temperature rise observed in previous
tests. A crude electron gun has been installed in one hill
for experiments with x-ray end point measurements of the dee
voltage.

The 1200 MHz parasitic in the power amplifier has
been almost completely suppressed by a number of ferrite
absorbers placed around the bottom of the plate cavity.
This temporary fix will be used for the next series of tests
because permanent improvements will require disassembly of
the PA cavities.

After the next series of tests in the dummy vacuum
vessel are complete, the structure will be installed in the
magnet.

6.3.2.4 Extraction

C.R.J. Hoffmann

High voltage experiments on components of the
electrostatic deflector system continue. A support insulator
consisting of a boron nitride disc and sleeves epoxied to a
central conductor was successfully operated at 100 kV. The
next step is to add a model deflector electrode and septum
to the test system.

A 3 m length of semirigid coaxial cable has been
bent to shape for mounting in a dee. A test jig has been
designed and components are being fabricated to high-voltage
test the cable before dee installation. Also cable clamps
and a housing which forms a vacuum seal to the cable and the
dee stem are being fabricated.
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A specification has been written for a 100 kV
voltage regulated dc power supply to drive the electrostatic
deflector and quotations have been requested.

Second harmonic perturbations from iron in the
magnetic elements of the extraction system (compensated)
have been modtxed analytically and appropriate code added to
GOBLINEX to include such perturbations in orbit calculations.
A maximum second harmonic amplitude of 5.2 mT occurs at a
radius of 640 nun and .-all." below 1.0 mT at 520 mm radius.
Radial and axial phase space diagrams calculated for carbon,
45 MeV/u, near the extractor entrance show no significant
distortions from these perturbations.

6.4 Mechanical Laboratory

J.E. Anderchek

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

Total laboratory time breakdown in the quarter is
as follows:

Accelerator Physics Branch - 93.1%
Reactor Physics Branch - 6.9%.

6.4.1 High Current Proton Accelerator

A water-cooled proton defining aperture was
fabricated for the Injector Test Experiment.

Three ion source plasma aperture plates and an all
copper decel electrode were fabricated and a decel electrode
was refaced with copper. A plasma aperture housing and the
electrode rings for the Mk II column were modified.

The leaks on the vacuum port joints of the main
buncher cavity body were repaired by hand brazing and the
stiffening brackets on one end plate were removed co permit
pulling of the end plate to adequately lower the cavity
frequency•

A tuning adjustment frame was constructed and
installed allowing convenient setting of the cavity
frequency. Insulated gaskets were installed on the drive,
sampling loops and vacuum pump ports and the cavity was
prepared for high power tests.
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A new aluminum pepper pot plate was fabricated for
the emittance measuring unit and several copper and teflon
gaskets were made for the Alvarez beam transport line.

Miscellaneous work included fabricating teflon
windcvs and a transmission line connector for the Alvarez
tank loop assembly, modifications to post couplers for the
aluminum Alvarez model and flanges for tests on helioflex
vacuum seals.

6.4.2 Electron Test Accelerator

A new tuner for the graded-g structure in the
injector was designed and machined. The design provides
water cooling and much improved vacuum conductance over the
original design. The tuner was mounted in the bridge of the
structure, carefully aligned and connected to the bridge
cooling circuit. It has been recommissioned and the
structure is now in service.

Difficulties were ex- erienced with vacuum leaks at
the stainless steel flange of the rf adapter for the Model 5
tank. Several attempts at repair were unsuccessful and the
adapter was used only for low power testing. It became
necessary to fabricate a completely new assembly which was
successfully brazed on the first attempt. After cutting the
iris to the required size the tank is now ready for brazing.

Some small parts were made for the injector line
strongback and these await installation.

6.4.3 Heavy-Ion Superconducting Cyclotron

A hole was cut in the side of the rf system dummy
test vessel in order to remove the damaged sliding short and
release the dee stem. Several fitting operations were made
for the assembly of the new sliding short drives.

Tooling was manufactured for fitting trim rods to
flutter poles, for cryostat assembly, and for shaping high
voltage cable for extraction deflectors.

A liquid helium transfer tube was manufactured and
welding tests were carried out for a new liquid helium
transfer tube design.

6.4.4 Fast Intense Neutron Source

Two new target drums were nickel plated and
successfully brazed and then returned to the main shops for
final machining.
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6.4.5 Reactor Physics

For the counting room, components were made and
assembled for a scintillation head, a lead castle was
modified for a carriage scanner and numerous foils and
sample holder clips were made.

The ZED-II accurate height indicator was modified
and put back into service.

6.5 Publications, Reports, Papers, Lectures and Patents

Publications

A SIMPLE RESISTIVE DISPLACEMENT TRANSDUCER FOR A CRYOGENIC
ENVIRONMENT
C.R. Hoffmann and H.R. Schneider
Cryogenics 2£, 415 (July 1980).

Reports

TRANSOPTR - A SECOND ORDER BEAM TRANSPORT DESIGN CODE WITH
AUTOMATIC INTERNAL OPTIMIZATION AND GENERAL
CONSTRAINTS

E.A. Heighway
Atomic Energy of Canada Limited, Report AECL-6975
(July 1980).

THE CHEER POLARIZATION ROTATOR
H.R. Schneider
Atomic Energy of Canada Limited, AECL-7093
(September 1980).

CHEER (CANADIAN HIGH ENERGY ELECTRON RING)
S. Conetti, K.W. Edwards, R.J. Hemingway, D.E. Johnson,
J. McKeown, F. Mills, B. Norum, S.O. Schriber, R. Servranckx
and A. Skuja
Paper presented at the XI International Accelerator
Conference, Geneva, July 1980.

TRANSOPTR - A SECOND ORDER BEAM TRANSPORT DESIGN CODE WITH
OPTIMIZATION AND CONSTRAINTS

E.A. Heighway and R.M. Hutcheon
Paper presented at the Conterence on Charge Particle Optics,
Giessen, West Germany, 1980 September 8-11.
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A NEW COMPACT DOUBLY ACHROMATIC ASYMMETRIC TWO-MAGNET BEAM
DEFLECTION SYSTEM
R.M. Hutcheon and E.A. Heighway
Paper presented at the Conference on Charge Particle Optics,
Giessen, West Germany, 1980 September 8-11.

INDEPENDENT CURRENT CONTROL IN THE COUPLED SUPERCONDUCTING
COILS OF A HEAVY-ION CYCLOTRON MAGNET
H.R. Schneider and C.R. Hoffmann
Paper presented at the 1980 Applied Superconductivity
Ccference, Santa Fe, New Mexico, 1980 September 29 - October 2.
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