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SUMMARY

G.A. Bartholomew

1.1 Nuclear Physics Research

MP Tandem Operation

The two accelerating tubes that had been rotated in
an attempt to remove a beam alignment asymmetry were returned
to their original orientation during one shutdown in the
quarter. An emittance measuring device has been installed.
Shutdowns to correct equipment failure added to the holiday
season shutdown to give relatively low availability overall.

Accelerator availability was as follows:

Experiments running 1413 hours 53.5%
Scheduled shutdowns 602 hours 22.8%
Unscheduled shutdowns 625 hours 23.7%

2640 hours 100.0%

Sixteen experiments were performed during the
quarter. Eleven visiting scientists used the accelerator;
they were involved in experiments occupying 75% of the beam
time and in those experiments their participation averaged
48%.

Research Activities

Results of earlier parity mixing experiments in
carried out in collaboration with scientists at

University of Washington, Seattle have been important in a
recent determination of the isospin 0 and 1 parameters of the
weak-nucleon-nucleon interaction. This work provides the
first experimental verifications of the weak nucleon-nucleon
contribution to the weak interaction as predicted by the
Weinberg-Salam model.

Measurements of g-factors by the enhanced transient
magnetic field method but using cooled Gd instead of iron as
the ferromagnet were begun. The method shows great promise
for improved performance.

A theoretically predicted decrease in g-factors over
a restricted range of spin values at high spin, caused by the
breaking of pairs, is under investigation.
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The ISOL on-line isotope separator is operating
well. During the quarter it was used for branching ratio
studies in the beta-decay of 2nNa ancj for on-line
tests of new targets.

The CRNL bremsstrahlung monochromator located on
the University of Illinois microtron has achieved 12 keV
resolution in the measurement of the photofission threshold
spectrum of 232^, &n interesting band-like fine-
structure is observed on each of three previously observed
plateaus in the spectrum.

It has been demonstrated that various Li and B
compounds frequently used as shielding in thermal neutron
experiments can give rise to a fast neutron background from
secondary reactions that can be severe enough to cause
rapid damage to y-ray detectors.

1.2 Accelerator and Applied Physics

Research Applications

a) Fast Intense Neutron Source

- Improved operation of the target was achieved by
increasing rotation speed of the target drum.

Beam currents up to 37 mA (all ions), or 25 mA
(D+ ions), have been achieved with satisfactory
column operation.

b) Superconducting Cyclotron

The magnet is dismantled to modify the cryostat for the
rf accelerating system, to drill the flutter poles for
the remaining 80 trim rods and to isolate and repair a
short circuit between the main coil and the helium
can.

The cryostat inner wall is being modified to accept the
copper bulges that provide clearance to ground from the
dees. This step is necessary for testing of magnet and
rf components as an integral system.

A tool has been developed to remove the magnetized
chips from the helium can.

The accelerator-orbit code, GOBLIN, has been further
modified for injection calculation and the injection
parameters determined for the bounding ions.
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Components are being made that will aid in attempts to
suppress a persistent parasitic oscillation in the power
amplifier at some frequencies.

Jevelopment of the PDF-11/J4 computer-aided control
system is proceeding well. Special test modules and
programs to ensure adequate quality control of system
components are being developed. Reorganization of the
control system software has begun.

Nuclear Power Applications

a) High Current Proton Accelerator Development

Development of high-current reflex-arc ion sources
continues with measurements of charge state fractions and
emittance. Heat load capabilities of the beam dump limit
the current that can be accelerated.

- Assembly of components and wiring for the Injector Test
Experiment are underway. Testing of the high voltage
power supply has begun.

A fault in the motor generator has caused shutdown of the
injector for the Alvarez tank.

- Changes to the vacuum manifold, plumbing lines and rf
window have led to overall improved operation of the
Alvarez accelerator. A vacuum failure in one of the
drift tubes has caused a delay in the beam testing
program.

b) Electron Test Accelerator

- Tests to destruction of the water target were continued
during the quarter. Failure of the window occurred at
6.7 mA.

Three water samples were tested for bacterial density after
receiving doses up to one megarad*; marked reductions in
bacterial count were achieved.

The fourth-harmonic beam position monitor was successfully
beam tested and development of the necessary software to
provide immediate information on beam position has begun.

- Two of the 100 kW klystrons have developed vacuum
problems. Specifications for the 300 kW klystrons have
been written.

Fabrication of the pancake coupled structure is well
advanced and cutting of the iris has begun.

* 1 Mrad = 10 kGy



c) Fertile-to-Fissile Conversion Experiments at TRIUMF

A water bath measurement of neutron leakage from a seven-
element lead target has been made with a combination of
gold and manganese activation foils. The two sets of data
are in agreement to within 2%.

Analysis of conversion yield data for uranium and thorium
targets is proceeding. Characteristic differences have
been found in the radial distributions of fission products
and of conversion products, the latter being broader for
both targets than the former.

d) Fusion Breeder Neutronics

Good agreement was obtained in neutronics calculations of
the spatial variation of neutron threshold, fission and
capture reaction rates and overall neutron balance with
experiments done at AWRE on a large thorium metal assembly
with central 14 MeV neutron source.

Neutronics calculations done previously for a uranium
metal assembly were extended.

1.3 Solid State Physics

The measured spectrum of diffuse scattering from hexagonal
3-N2 was not reproduced in an analysis based on a
simple moiel for the orientational disorder. The lack of
agreement may be due to neglect of correlations between
orientational and translational motion.

- Neutron diffraction measurements on ultra-violet
irradiated polycrystalline cytosine monohydrate indicate
that uv absorption leads to the removal \of the hydrate
bridge between the amide and carbonyl groups on adjacent
cytosine molecules. Similar dehydration appears possible
in DNA end could lead to localized disruption of DNA near
cytosine molecules.

Inelastic neutron scattering has been used to examine the
behaviour of phonon and magnon modes in uranium telluride.
From the results, a crystal field model seeins appropriate
for this material. \

Positron annihilation measurements indicate t\hat vacancy
formation energies in face-centered cubic stainless steels
are insensitive to variation of alloy composition.

A new apparatus to zone refine CdTe using rf heating of an
ultrapure graphite liner has been built.

\
\
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1.4 Applied Mathematics & Computation

Further attempts to model the transient response
of a microphone to a laser-generated sound pulse have been
made. A form of the energy equation which yields time
profiles of the energy pulse at the source having the shape
seemingly required for best fits of the data has been
obtained.

The study of bias effects in the micro-structure
of radiation-induced creep has continued, with efforts to
utilize analytic solutions of an uncoupled two-dimensional
problem in the neighborhood of a sink to improve on the
accuracy of the polynomial approximations for derivatives.

New versions of the stress analysis programs MARC
and TPIPE were tested and installed during the quarter. The
facility of MARC to handle heat transfer problems was employed
to solve the analogous equations of a laminar flow problem,
and a study of applicability of MARC to other field problems
is under way.

Improvements to the Central Personnel Records
system and associated programs included a nev/ scheme for
identifying the organizational unit to which an employee
belongs, and extensions to the Leave Recording System to
incorporate the new sick leave plan.

Statistical analyses were developed for two
studies: the analysis of tritium release from Building 150,
and the analysis of observed grain growth in fuel elements.

Program and subroutine developments during the
quarter included:

correction of some minor problems in the failed
fuel analysis program SUMRT

- extension to a program for analyzing DNA
molecular data to accept input from a new
scintillation counter

- implementation of a sub-set of the AMPX code
system

- testing of a new version of COBRA-IV
- conversion of a building heating and cooling

analysis program to run on CDC machines
IBMFORTRAN, a program to automate, as far as
practicable, conversion of IBM FORTRAN programs
to CDC FORTRAN, was written using the SNOBOL 4
compiler SPITBOL
a package of UNIVAC FORTRAN programs was
translated to run with CDC's FORTRAN
a subroutine to depict stream lines (lines of
maximum slope) on a two-dimensional plot was
written.
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The device-independent graphics viewing system,
GRVIEW has been essentially completed with the addition of
capabilities for the user to create displays consisting of
portions of the original drawings, and to create a copy of any
display for output on any other supported graphics device. A
review of the basic data base is in progress with a view to
improving efficiency; current indications are that an increase
of speed by a factor of two can be achieved.

The interpreter for the interactive procedure
language (IPL) has been improved by the addition of new features
and the removal of some inconsistencies. A new file access
method has been implemented for IPL procedures so that a single
copy of a procedure can be used by all terminals, and a number
of widely-required utilities are being written and installed as
"public" IPL procedures.

The Nuclear Physics PDP-10 operating system has
been upgraded by the correction of some outstanding errors,
extension of graphics support to include a new Hewlett-Packard
plotter, and the installation of a new "debug" utility. A
Mikros MK-16 microprocessor is being evaluated as a replacement
for the PDP-1 data acquisition system, and microprocessors for
communication with the Computing Centre and for controlling the
QD^ spectrometer have been programmed and are being
tested.
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Computer usage during the quarter was as follows:

Radiochemical Company
Chemical Company
Engineering Company
WNRE

CRNL

Computing Centre
Contracts
Tecnnical Information

& University Relations
Health Sciences
Chemistry & Materials
Physics
Electronics, Instrument
and Control

Advanced Projects & Reactor Physics
Fuels & Materials
Administration
Financial
Operations
General Services
Plant Design
Special Projects
Others

Percentage of
Number of Jobs

0.
0.

16.
2.

31.
2.
3.

5.
1.
6.
0.

ss i 9.
'10.
0.
2.
2.
0.
0.
3.

06
95
72
08

07
49
61

15
65
26
36

06
04
89
27
90
05
68
64

Percentage of
Total Utilization

0.12
1.39

27.80
4.97

10.67
0.58
1.73

9.86
4.35
8.80
1.43

6.98
7.46
0.20
4.37
2.84
0.19
0.72
5.52

0.05 0.02
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Nuclear Physics Branch

J.C.D. Milton
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Branch Head: J.C.D. Milton
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(1) Returned from leave of absence (University of
Aarhus, Denmark) 1980 March 03.

(2) Post doctoral fellow

(3) Transferred from R.&I.S. Branch 1980 March 10

(4) Waterloo University Coop Student arrived 1980
January 07; terminating 1980 April 18.

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

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

(a) Also has responsibilities in Section I and II.
(b) Also has responsibilities in Section I.
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2.2 Parity-Violating Alpha Width of the 3.56 MeV State of
SIT
A.B. McDonald, G.C. Ball, W.G. Davies with E.D. Earle
(Neutron & Solid State Physics Branch),
R.G.H. Robertson, P. Dyer, R.C. Melin (Michigan State
University) and T.J. Bowles (Los Alamos scientific
Laboratory)

Data taken during the previous progress period
(PR-P-124: 2.3; AECL-67 88) have been analyzed and a
value of (2 ± 2) x 10-6 obtained for the alpha
width of the 3.56 MeV state.

In a subsequent run in January the thickness of
the D? gas target was increased to 2 keV (1.7
A'.g/cm2) by optimal choice of nozzle dimensions.
The 14N(p,n)14o threshold was used to verify
the T1+ ion source energy. With these final
improvements, the design aims for the experiment were
achieved, and an extended period of data accumulation
was begun. Unfortunately, after 2 days the experiment
was terminated when one of the charging chains in the
tandem accelerator broke. Another experimental run is
planned for April.

2. 3 Parity Mixing in ^Ne: Test of the Weinberg-Salam
Model of the Electroweak Interaction

A.B. McDonald with E.D. Earle (Neutron & 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)

Magnetic field measurements have been made for
the first of four gamma ray circular polarimeters to be
used in an extension of our measurements of parity
mixing in 21jje# & central field value of 2.35 T
(23.5 kG) was obtained, corresponding to the saturation
field for the 2V-Permendur core. External fields of 0.3
mT and 0.04 mT were measured at the beam and photo-
multiplier positions, in good agreement with design
calculations performed with the computer code TRIM.
Machining is nearly completed for the other three
polarimeters. The four 13 x 15 cm (5" x 6") NaI(T£)
detectors have been received and meet the design
specifications of (7.5% energy resolution for 662 keV
gamma rays.

Preliminary results have recently been received
for calculations of parity mixing matrix elements in
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18F/ 19F an<3 21Ne (W> Haxton, Los Alamos,
private communication). These calculations relate the
mixing matrix elements in these nuclei to the parameters
of a weak nucleon-nucleon interaction derivable from
various models of the basic weak interaction. Recent
experimental results for •'•̂F (E.G. Adelberger,
private communication) and our most recent results for
2lNe (PR-P-120: 2.4; AECL-6452 and K.A. Snover et
al. Phys. Rev. Lett. 41_ (1978) 145) can be combined to
determine the isospin 0 anJ 1 parameters of the
weak-nucleon-nucleon interaction. The value of the
isospin 1 (w exchange) parameter is found to be 8.4 ±
2.3 (experimental uncertainty only) times larger than
that expected for the Cabibbo model of the basic weak
interaction but is consistent with the Weinberg-Salam
model value. The value of the isospin 0 ( p exchange)
parameter is consistent with the values expected for
either model and_with other experimental results except
for it + p + d + T as measured by V.M. Lobashov et al.
(Nucl. Phys. A197 (19'72) 241).

This provides the first experimental verification
of an enhancement of the weak pion-exchange vertex,
consistent with the Weinberg-Salam model, and implies
that the Weinberg-Salam model is valid for quark-quark
interactions as well as for quark-lepton and lepton-
lepton interactions.

2.4 Resonance Reactions Involving Spectator Particles

G.C. Ball, R.E. Warner (Oberlin College), W.G. Davies
and J«S. Forster

The reactions D(7Li,aa)n, D(6Li, ar)n and
D(^Li,at)p have been studied under conditions such
that the neutron (proton) is left at rest and the two
heavy particles (alpha, helion or triton) come from
a known excited state of ^Be, ?Be or ^Li,
respectively. Beams of 22-40 MeV "»^Li were used
to bombard 2-3 mg/cm2 CD2 targets. Two AE-E
counter telescopes positioned on opposite sides of the
beam were used to obtain o-d, a-r and a-t coincidence
spectra. Data were obtained at several different
geometries where the energy of the undetected spectator
particle was varied from 0.1 to 1.0 MeV. The results
will be compared with a Born approximation theory in
which the three body cross section is expressed as the
product of the two body resonance cross section, the
probability for finding the spectator neutron with the
observed momentum, and kinematic factors.
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2.5 The Lifetime of the 1.04 MeV, 0 + Level in 18F

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

The J71" = 0+,0~ doublet in l8F at 1042
and 1081 keV is a favorable possibility for the study of
parity violation in the nucleus. To obtain the parity
mixing element, a knowledge of the mean lifetime of the
1042 keV level is required; the lifetime of the 1081 keV
level is well established. Previous measurements
(Blaugrund et al. Phys. Rev. 158 (1967) 893) gave r =
4+^ fs for the 1042 keV level using the l8O(p,n)
reaction. Recent measurements of the same reaction at
Queen's have yielded more precise results.

In the present investigation the 1042 keV level
18F was excited in the 3He(16O,p)l8F
reaction by bombarding 3He targets, implanted at 35 keV
at Au, Zr and Nb foils, with 16 MeV l^O ions. The
Doppler shifted 1042 keV gamma rays were observed at 0° in
coincidence with protons also detected at 0° in a AE-E
telescope. The method is the same as previously described
(PR-P-122: 2.12; AECL-6582).

The yield of coincident, Doppler shifted 1042 keV
gamma rays was found to be a maximum at 16 MeV. Higher
bombarding energies cannot be used because the shifted 1042
keV transition would overlap the 1081 keV transition, which
does not Doppler shift since the 1082 keV level has a mean
lifetime of 28 ps.

Analysis of the data by the lineshape and centroid
shift methods is in progress. Additional measurements with
a 3He implanted Al foil will improve the sensitivity
obtainable by the centroid shift method. More detailed
yield curves are also required to determine the average
bombarding energy.

2.6 Measurement of Lifetimes for High Spin States
Above the T| = 58 ns Isomer in 154E~r

D. Ward, T.K. Alexander, H.R. Andrews, O. Hausser and
J.F. Sharpey-Schafer (Liverpool)

A previous recoil distance study of high spin states
in 154Er (P. Aguer, et al., Phys. Lett. 82B (1979) 55)
has indicated that some E2 transitions have substantial
collectivity. If this were correct then it would be
necessary to introduce collective degrees of freedom
(probably vibrational) into the deformed shell model, which
has to date been successful in describing high spin states
of nuclei near N = 82.
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We have repeated this experiment with improved
conditions. The pulsed beam facility was employed together
with an array of NaI(T£) detectors in an arrangement which
electronically suppressed background in the Ge(Li) detectors
(cf PR-P-124: 2.17; AECL-6788).

The preliminary results disagree with those of the
previous experiment shown in Table 2.6.1. Nevertheless, the
transition 507, 669 and 827 keV could have enhancements
relative to single particle values. The transition at
318 keV has a definite enhancement, however it could be that
this transition is not E2 in character. Generally, the
evidence for the E2 multipolarity is that the angular
distribution coefficient, &2> should lie in the range
0.2 < &2 < 0.4. However, this is not a unique assignment;
for example, mixed E2/M1 and nonstretched dipole transitions
could have a2~coefficients in this range. Whereas in many
nuclei studied by these methods, (particularly prolate
rotors) it can be safely concluded from systematics and from
the absence of cross-over transitions that these latter
possibilities are very improbable, no such guarantee exists
in the nuclei close to N = 82 as evidenced by our work on
I47Gd (PR-P-124 : 2.17; AECL-6788).

Table 2.6.1

Preliminary Mean Lifetimes and Relative

Reduced Transition Strengths

Probable E2
Transition (keV)

318

455

507

669

726

771

804

827

Aguer et

<90

105±30

100+30

225+80

<10

£36

x (ps)

al. Present

95 + 15

300+17 (395) +

I50
£50

360±20

8101110

48120

£10

2.

>

>

0.

0.

>

|M(E2)| 2

w.u.

53+8

8010.16 (2.13)1*

10

2.4

226+0.013

07510.010

110.4

4

t If the 827 keV transition is placed above the 455 keV transition

only results for the 4 55 keV transition are changed as shown in

parentheses.
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2.7 The Velocity Dependence of the Enhanced Transient Field

H.R. Andrews, 0. Hausser, D. Ward, with P. Taras (Universite
de Montr§al), P. Skensved and J. Keinonen (Queen's
University)

The Chalk River transient magnetic field measurements
of g-factors of high spin states populated by Coulomb
excitation have been calibrated by studies of Tm
whose magnetic properties were determined in earlier work
(Taras et al., Nucl. Phys. A289 (1977) 165). D3ta have been
obtained with 40Ca, 63Cu and 81Br projectiles
and thin iron backings, thus covering a range of recoil
velocities in the iron. When analyzed with the standard
Lindhard-Winther (1/v dependence) plus enhanced transient
field with a purely linear velocity dependence (see e.g.
Ward et al., Nucl. Phys. A330 (1979) 225) the coefficient of
this linear term was found to decrease systematically with
increasing recoil velocity (cf Table 2.7.1). This is
indicative of a quadratic or other non-linear term causing
the transient field to fall below the linear trend at higher
velocities. Furthermore, the low velocity data of Eberhardt
and Dybdal (Hyperfine Interactions to be published 1980) on
l-^Ba in pe a r e consistent with the absence of any
Lindhard-Winther term. As a result of these considerations,
we have made a detailed investigation of non-linear
parameterizations of the field implied by our Tm data based
on the following form (with and without a LW contribution):

B = k B L W + AZR(Z)v/vo/(l-/?v/vo)
where k is 0 or 1 and R(Z) = i + (Z/84)2*5. For k=0,
this form behaves like a quadratic for moderate velocities
but is linear for low velocities. For each set of
calibration data we have plotted a minimum x2 trajectory
on the A vs /3 plane and the region of overlap of these
three curves defines our best estimate of these
coefficients. As seen in Table 2.7.1. the three data sets
have a large velocity overlap which diminishes our
sensitivity. These results will be used to test the
sensitivity of our measurements of other g-factors to
uncertainties in the field calibration. This dependence is
expected to be relatively small because most of the
measurements have a large overlap in velocity with one of
the calibrations so that any parameterization fitting these
calibration data will tend to give the same result for the
measured g-factors.



- 18 "

Table 2.7.1

Variation of the "Linear" Coefficient, A, with Velocity

A A
PROJ ENERGY(MeV) V. (%v/c) V (%v/c) (with LW) (without LW)

in out

40
Ca

63
Cu

81
Br

168

154

240

3.4%

3.7%

4.6%

1.5%

1.5%

2.5%

11.9 ± 0.7 13.6 ± 0.8

10.9 + 0.7 12.4 ± 0.8

10.0 + 0.6 10.7 ± 0.6

2.8 Spin Dependence of g-factors for Rotational States in

D. VJard, O. Hausser, H.R. Andrews, P. Taras (Universite de
Montreal), B. Haas (Strasbourg) and J. Keinonen (Queen's
University)

The ground state rotational bands of l52,154Sm
have been Coulomb excited with beams of 63Cu at
energies of 155 MeV (PR-P-122: 2.15; AECL-6582) and 230
MeV. Transient field precessions were measured in the
usual way [cf Ward et al. Nucl. Phys. A330 (1979) 225].
Utilizing the new results on the velocity dependence of the
field [PR-P-125: 2.7; AECL-6956] these data have been
analyzed to extract the spin dependence of the nuclear
g-factors represented by the empirical fraction g(J) =
go(l + aj

2). Preliminary results are summarized
in Table 2.8.1. There have been no calculations in
•1-52Sm, however, the result for 156 D v is
representative since these nuclei have been shown by many
studies to be almost identical in their electromagnetic
properties.
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Table 2.8.1

152 154
Spin Dependence of ' Sm g-Factors:

Preliminary Results

Nucleus
a)

_ . Previous
a x 1G" 3 b ) g(2*)

c) Calculated
a x 1 0 ~ 3

1 5 2 S m

1 5 4 S m

0.

0.

384±0

395 + 0

.025

.025

+0

-1

.5

.6

± 1.

± 0.

4

8

0.4210.025

0.36±0.03

0.28±0.03

0.3010.035

0.392+0.018

0.39+0.02

0.29+0.03

~ -6.

~ -1.

0

0

a;

e)

a)

b)

c)
d)

63Cu at 155 MeV

63,

From analysis of 4̂ -2 precessions with
where the direct feed is dominant.
From analysis of data through lO+S with "JCu at 2 30
MeV.
Recommended values in the Table of Isotopes, 7th edition.
M. Diebel, et al. Contribution to the International
Conference on Band Structure and Nuclear Dynamics,
New Orleans 1980. This calculation is for l-^Dy.
M. Sano et al. J. Phys. Soc. Japan Suppl. 3A_ (1975) 365
and private communications.

2.9 Average g-Factors for High Spin Continuum States in
78Kr

D. Ward, H.R. Andrews, A.J. Ferguson, O. Hausser, N. Rud
(Aarhus University), P. Skensved and J. Keinonen (Queen's
University)

Analysis of the transient field measurements of
continuum states in 7 8Kr (PR-P-124: 2.16; AECL-6788)
has been completed. From the experimental gamma-ray
multiplicities and Doppler broadened lineshapes it was
possible to place restrictions on the spin ranges involved
in the continuum precessions. The results are summarized
in Table 2.9.1.

If we compare results for spins above and below the
backbend (at spin ~ 10) the uncertainties in the field
calibration are not important and we conclude that the
g-factors at J ~ 12 and J ~ 5 are identical within the
uncertainty of the measurement, ~ 1 5 % . This means that
either rotational alignment effects are not important in
^ K r , or more plausibly, that proton (g ~ 1) and
neutron (g ~ 0) aligned bands are competitive in the
vicinity of the backbend and are equally populated in the
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reaction. The resulting g-̂ -factors could then represent an
average over several populated proton and neutron aligned
bands.

Table 2.9.1
7 fi

Average Spins and g-Factors for Continuum States in Kr

CONTINUUM
Ey EFFECT PRECESSION _ ___

REACTION TRANSITION (keV) e% mrad+ J J g v S*

18O + 63Cu 2 ->- 0 455 -1.03+0.11

200 MeV 4 + 6 665 -1.52±0.30 33.0±2.9 15 12.1 0.54+0.05

6 + 4 859 -1.55±0.29

1 6 O + 6 5 C u 2 + 0 455 -1.03+0.11

190 MeV 4 + 2 665 -1.30±0.19 31.6±2.7 6.5 5-4 0.52±0.05' +

Continuum precession in Kr for mean entry spins J = 15 -n
and 6.5 -H. The Jav_is the average spin to which the
continuum g-factor g refers.

+ The slope parameters 1/W dW/d6 were taken to be -0.33 ± 0.02
for the 2 + 0 and T0.41 ±0.03 for higher spins.

'Not including the uncertainty in the field calibration,
estimated to be ±2 0%.

2.10 Average g-Factors of Continuum Levels above the Backbend in

"°Ce and 15i3Er

O. Hausser, H.R. Andrews, D. Ward with P. Skensved,
J. Keinonen (Queen's University) and P. Taras, J. Szmider
(University de Montreal)

We have initiated measurements of g^-factors of
high-spin states populated by (heavy ion, xn) reactions
with cooled Gd (77K) as a ferromagnet. The use of Gd is
essential for measurements in heavier nuclei to eliminate
the reaction background which would otherwise be present in
experiments with ferromagnetic iron. (For other advantages
see PR-P-125: 2.11, AECL-6956). We have first investigated
two backbenders, l^Ce and ^^^Er, whose anomalies in the
moment of inertia (at J = 10-12 and J = 14, respectively)
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are believed to arise from the rotational alignment of
lhii/o proton and lij_3/2 neutron orbitals,
respectively, One may therefore expect an increase xn
130 C e and decrease in 158Er in the g-factors from the
common rotational value (-0.35) at, and perhaps above, the
backbend.

We have populated the nuclei by the Mo(" S,4n) Ce
and the 13QTe(32S,4n)158Er reactions at bombarding
energies of 125 and 135 MeV, respectively. The excited
recoils traversed a ~2.3 rag/cm^ thick layer of Gd and
were stopped in Pb backings. The average initial spin
value is I ~26, and the time spent by the recoils in Gd is
~0.7 ps. The average precession angles were obtained from
the discrete gamma-ray transitions below the backbend. A
preliminary analysis yields 26 ± 4 mrad in both nuclei. In
the 130Ce case the target was specially prepared by
evaporating Gd onto lO^Mo, and a calibration
experiment (154Sm was evaporated onto l00Mo and
Coulomb excited) indicates that the Gd could only be
magnetized to one half of the full value. This would then
imply that the average g-factors above the backbend in
13^Ce are considerably larger than ~0.35. In the
158Er c a s e the target was prepared by evaporating
130Te onto rolled, annealed foils of Gd, and it is
expected that the full magnetization was obtained (see
PR-P-125: 2.11; AECL-6956). In this case the average
g-factors in 158gr would have the normal rotational
value.

A more refined analysis is in progress, and a repeat
of the experiment, using only rolled, annealed Gd foils, is
planned.

2.11 Gadolinium as a Ferromagnet in Transient Field Experiments

O. Hausser, H.R. Andrews, D. Ward, N.C. Bray, M.L. Swanson
(Solid State Science Branch), with P. Skensved, J. Keinonen
(Queen's University), and P. Taras, J. Szmider (Universit§
de Montreal)

The use of gadolinium has three distinct advantages
for transient field measurements of nuclear g-factors when
compared to commonly used iron. First, the observed
precession angles are about twice as large because of the
larger range of the recoils (the density of polarized
electrons in both ferromagnetics is roughly equal).
Secondly, the transient field may be simply turned off by
operating slightly above the Curie point (293 K), an
advantage when small precessions are to be measured.
Thirdly, the Coulomb barrier is higher for typical heavy
ion beams from the MP tandem accelerator. One may then
employ heavy ion beams which would generate an intolerable
reaction background in iron. It is this very feature which
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now enables us to systematically study g-factors of
very-high-spin states in heavier nuclei of interest (see
preceding section PR-P-125: 2.10).

These advantages are accompanied by some minor
inconveniences: a) Gd has to be cooled below the Curie
point before it becomes ferromagnetic. We operate at
liquid nitrogen temperature using a cold finger design that
inhibits the buildup of carbon deposits on the target; o)
the rotational isotopes •'•55-160Q(3 a r e strongly Coulomb
excited by heavy-ion beams. This background, which could
be avoided by using isotopic l 5 4Gd, is however, small
above 300 keV even in singles experiments; c) the stopping
power in Gd is uncertain at low recoil velocities because
of the Z2 oscillation effect (~30% larger than the
values quoted in Northcliffe and Schilling at E/A ~ 0.1).
This tendency was qualitatively confirmed by using a
Doppler-shift method; d) Gd is difficult to magnetize
because the direction of magnetization tends to lie in a
cone about the c axis whose opening angle is strongly
temperature dependent (~35° at 77 K).

We have investigated the magnetization by Coulomb
exciting thick Gd with 130 MeV 3 4S and detecting
backscattered ^4g j_n coincidence with gamma-rays. The
average transient field precession angles for 6+

states in 156,158,160Gd a r e Shown in Table 2.11.1.
The values have been corrected for small precessions in the
static field (estimated at -24 T). A change in the
polarizing field from 0.26 T to 0.15 T causes only a small
decrease in the transient field (0-15%). It was hoped that
a larger effect could be achieved by applying the external
field along the direction of easy magnetization (i.e. at
35° to the c axis) of a single crystal, however, the data
do not indicate an increased transient field effect.

Table 2.11.1

Transient field precession of 1 5 6' 1 5 8' 1 G 0Gd (6+)

in gadolinium at 77 K

host Bext [ T ] * (6 4 ) / g [mrad]

single crystal 0.26 -226 + 13

0.15 -188 ± 14

polycrystal 0.25 -216 ± 13

0.15 -220 ± 15

a) average over the three isotopes; corrected for static
precession; assumes g = 0.375
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2,12 Direct Observation of the Spir. of the 510 ns High Spin
Isomer in 147Gd

O. Hausser, T.K. Alexander, H.R. Andrews, D. Ward,
M.L. Swa.ison (Neutron & Solid State Science Branch), with
P. Taras, J. Szmider (Universite de Montreal), and
J. Keinonen (Queen"s University)

It is well known that the energy eigenvalues of the
static quadrupole interaction for nuclei experiencing an
axially symmetric electric field gradient depend
quadratically on the magnetic quantum number m. Quadrupole
modulation patterns for aligned nuclear states then contain
a single frequency for spins J = 1 and 3/2, but many
interfering frequencies occur for high spin states. It has
been shovvn (O. Hausser, Argonne Conference 1979) that the
ratio T o (basic repetition time of the pattern)/tm^n
(time of the first interference minimum) = cJ (where c=3/2
for odd nuclei) provided that the gamma-ray angular
distribution coefficients obey the condition |^| <C *C I a41 •
The spin J of a high spin isomer can thus be measured if
the complete modulation pattern is observable.

The first interference minimumr t • , for the
510 ns isomer in Gd has been observed previously (Phys.
Rev. Lett. 4_4 (1980) 132) to yield the ratio (quadrupole
moment Q)/J. The observation of the complete pattern is
difficult because T o (~3 /us) exceeds considerably both
the half life (0.5 /us) and the spin relaxation time (~1.5/as)
Nearly perfect performance of the beam-pulsing system is
required over long periods of time.

To enhance the signal at To/2 we have used a
thin Gd single crystal with the c axis along the surface,
and perpendicular to the beam-gamma-detector plane. After
an 84-hour run an anomaly of the correct sign, and of about
the required width was observed at To/2 ~1.46 yus.
The rather small magnitude of the anomaly implies a
substantial loss of alignment of about a factor of 3,
compared to the alignment at t = 0. The observed anomaly,
which is the only statistically significant candidate for
the spin regime 2 7/2 < I < 61/2, implies a spin value
I = 47/2 ± 1 . In Table 2.12.1 we compare the properties of
the 510 ns isomer with those for two possible high-spin
isomer configurations from the deformed single particle
calculation of Dossing et al. (privte communication). It
is seen that their 49/2+ configuration is in excellent
agreement with our observations for the 510 ns isomer.
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Table 2.12.1

High Spin Isomers in 147Gd

1 CONFIGURATION 8 Q( 1 0 cm >

Theory 59/2" ^d572
)3/2(hll/2)27/2 V (d3/2)Of7/2i13/2h9/2 °-6° "3-57

Theory 49/2+ ' ̂ ^ i M o V " ^ W A °'47 "3-35

Expt. 47/2 + 1 0.446 ±0.008 3.14±0.17a)

assumes 1=49/2; only |Q| was measured

2.13 Hyperfine Interaction Studies in Nuclear Physics

O. Hausser with I.S. Towner (Theoretical Physics Branch)

A comprehensive review article with the above title
has been completed, and will appear in a book entitled
'Hyperfine Interactions of Radioactive Nuclei1, edited by
J. Christiansen as part of the Springer series 'TOPICS IN
PHYSICS'.

2.14 3He Irradiations of Graphite Discs

H.R. Andrews and D. Ward with I. Aitchison and
R.D. Davidson (Systems Materials Branch)

As a continuation of the program reported in the
last progress report (PR-P-124: 2.20; AECL-6788) four
graphite discs were irradiated with 3000 particle
microcoulombs and two with 1500 particle microcoulombs
of 20 MeV 3He. The 3He beam was brought out
through a thin 2 mg.cm"^ Havar window (energy
loss ~ 0.5 MeV) to strike the samples about 2 cm away.
The region between the thin window and the sample was
enclosed and continuously purged with He gas to minimize
scattering and energy loss. The window withstood a beam
of 500 particle nA so that irradiation times were
about 2 hours. No attempt was made to find a beam
current upper limit for the windows. The technique of
irradiation at atmospheric pressure appears successful
and it will greatly facilitate the future irradiation of
actual mechanical components, obviating the need for
large vacuum chambers with complicated internal mounting
and manipulating devices.
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2.15 Angular Distribution and Total Cross-Section Measurements
for Heavy-Ion Induced Fission

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

We have shown (J.U. Andersen et al., to be published
in K. Dan. Vidensk. Selsk. Mat-Fys.) that the combination
of angular distribution, total cross section and lifetime
measurements for heavy-ion induced fission can greatly
reduce the uncertainty in determining parameters used in
statistical model calculations to describe the fission
process. The program for fission lifetime measurements by
crystal blocking techniques (see PR-P-116: 2.4; AECL-6083
and references therein) is being continued, initially with
a single crystal target of Ta. This target has the
advantage that it is monoisotopic unlike the W crystals
used in previous experiments.

Measurements of angular distributions and total
cross sections have therefore been made in the Ortec
chamber for fission resulting from -*-9F bombardment of
181Ta. similar mesurements were made for ^ 0
bombardment of ^^W. Both reactions result in the
compound nucleus ^uupb. 19p ancj 16Q
bombarding energies were chosen to produce
compound nuclei at centre-of-mass excitation energies from
52.5 to 75 MeV. Measurements were also made for *-&o
bombardment of l81Ta and l 60 bombardment of
197Au for similar centre-of-mass excitation energies.

Data analysis is in progress.

2.16 A Precise PK/PJ3 + Measurement at Z=55; The Decay of
TTDci"
J.C. Hardy

Experiments to test precisely the calculated
K-electron-capture to positron-decay ratio (PK/P«+)
have been performed at CRNL and CERN. The decay of
130cs w a s chosen since 1) the isotope can be produced
prolifically 2) 96% of the total /8+-decay strength
is concentrated in a transition to the ^30xe ground
state, and 3) previous measurements on other nuclides
suggested that a discrepancy, increasing with Z, could be
as large as 20% for cesium (Z=55). The measurement of the
total beta-decay energy of 130cs was made at CRNL and
described in PR-P-122: 2.10; AECL-6582.
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The PK/P/3 + ratio itself was measured at CERN
{in collaboration with E. Hagberg, B. Jonson and P.
Tidemand-Peterson). Sources of 29 min ^30Q S w e r e
collected with the ISOLDE on-line isotope separator from a
122 g/cm2 target of molten lanthanum bombarded by a 1
fxA beam of 600 MeV protons. Each source, contained in a
graphite disc to annihilate all positrons, was placed
between two Ge(Li) detectors, one to detect the
annihilation radiation and the other, the K X-rays. Two
samples were studied for more than 10 half-lives. Analysis
is well advanced and continuing.

2.17 Branching Ratios in the Beta-Decay of 20Na

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

We have measured the beta-decay branching ratio from
the ground state of 2oNa(2+) to the Ex = 10.278 MeV,
(J^T) = (2 + ,l) analogue state in 2oNe, which
decays in turn almost exclusively by alpha emission to the
ground state of l 6O. Other beta transitions from
2uNa are followed either by alpha emission or by
gamma rays, the latter being dominated by the 1.63 MeV
gamma-ray from the de-excitation of the first excited state
of 2uNe. From a measurement of the ratio of the
number of alpha particles to the number of 1.63 MeV
gamma-rays, the branching ratios to all alpha-emitting
states in 20Ne may be deduced.

The 2uNa was produced using a l^B beam
from the MP tandem; products from the
12C(1^B,2n)20Na reaction were allowed to
recoil into the graphite catcher of the FEBIAD ion source
of the on-line isotope separator. A mass-20 beam,
extracted from the ion source, was separated and focussed
through the beam transport line on a catcher where the
activity could be observed both with a 300 mm2 si
surface barrier detector totally depleted to 300 (tin, and
with a 21% Ge(Li) detector.

The relative efficiency between the alpha detector
and gamma detector was determined by using a 212Bi
source produced from an emanating thorium source. The
ratio of 8.78 MeV alphas to 2.615 MeV gamma rays from the
decay of 212Bi is known precisely. The energy
dependence of the efficiency of the Ge(Li) detector was
determined with 56Co and with a 24Na source
provided by the Radioisotope Standardization Group.
Analysis is in progress.
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The ^Na branching ratio is necessary to deduce
an ft-value for the beta-decay to the analogue state. By
combining the ft-value with our beta-neutrino angular
correlation measurement, we will be able to deduce a value
of the weak vector coupling constant, Cy.

2.18 Average Excited State Lifetimes in 73Br

J.C. Hardy and E.G. Hagberg

Analysis of the PXCT (particle X-ray coincidence
technique) lifetime measurements in 73 B r ^s n o w
complete and a paper has been submitted to Nuclear Physics.
The experiments were performed at CERN (in collaboration
with P. Asboe-Hansen, P.G. Hansen, B. Jonson and S.
Mattsson) and involved the production of ~^^Kr at the
ISOLDE on-line isotope separator. The nuclide 73j(r
|3+(ec) decays to proton-unstable states in 73Br,
and it is these states - between 4 and 6.6 MeV of
excitation energy - whose lifetimes we have measured with
the PXCT (see PR-P-124: 2.12; AECL-6788).

Since the observed states in 7 3 B r c a n decay
both by gamma-ray and proton emission, our lifetime results
were analyzed to yield information on gamma-ray and proton
partial widths as well as the level density. The measured
level density parameter, a = 13.7 MeV~l, is somewhat
high compared with globe;! prescriptions based on neutron
resonance measurements, an interesting result since
7^Br is far from the region of stability where these
prescriptions have been established. Even more significant
is our observation that the average gamma-ray widths are up
to a factor of 4 greater than would be predicted (e.g.
A.G.W. Cameron, Can. J. Phys. 35 (1957) 666) from neutron
resonance work on nuclei nearer stability. These
departures from expectations suggest the need for similar
investigations of other nuclei far from beta stability to
establish the cause.

Quite apart from their usefulness simply in
establishing the values of Fy,Fp and â  the PXCT data
provide important constraints on the interpretation of the
delayed proton spectrum itself. Without them it would be
necessary to assume the extrapolated behaviour of F-y and a,
and it would be quite possible to force agreement between
the experimental and calculated proton spectrum by
introducing structure in the beta strength function. Our
data on 73Kr rule out such structure in the energy
region studied.
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2.19 The Tz = 3/2 Series of Beta-Delayed Proton Precursors

E.G. Hagberg, J.C. Hardy, H. Schmeing (Neutron & Solid
State Physics Branch), E.T.H. Clifford and V. Koslowsky

The decays of the beta-delayed proton precursors
8-̂ Zr and 87 M o have been subjected to a more
detailed investigation. Proton-X-ray, proton-gamma as well
as gamma-X-ray coincidences have been recorded. A
preliminary analysis of the procon-X-ray coincidence data
indicates that our earlier assignments of the
proton-emitting activities (PR-P-122: 2.5; AECL-6582) are
correct. Further, these data can in principle be used,
together with a statistical model description of delayed
particle decay (PR-P-119: 2.16; AECL-6366), to deduce the
lifetimes of excited states in **3y an(j 87tqb.
Although the small number of proton-X-ray events detected
in the present experiment (< 100 in each case) precludes a
detailed lifetime profile as a function of excitation
energy, nevertheless the data are sufficient to obtain
information on level densities and Vy systematics.

A detailed analysis of the data is now in progress.

2.20 Precision Mass Measurements

V. Koslowsky, J.C. Hardy, G.C. Ball, E.T.H. Clifford,
W.G. Davies, E.G. Hagberg, H. Schmeing (Neutron & Solid
State Physics Branch), R.E. Azuma (University of Toronto)

To gain experience in the precise measurement of
Q-value differences and to search for possible sources of
systematic error, we have remeasured (See PR-P-124: 2.9;
AECL-6788) the energy separation of the proton doublet from
the reactions 2^Mg(%e,p)28Al(g.s.) and
26Mg(3HSfp)28Ai (first excited state)
which is very precisely known from gamma-ray measurements.
Our method was to bombard a 40 Mg/cm2 target with a 20
MeV ^He++ beam and observe outgoing protons at 0°
on a position sensitive detector in the focal plane of the
QD3 spectrometer. The solid angle subtended by the
spectrometer was 1.85 msr corresponding to an opening angle
of ±1.39°, As described in PR-P-123: 2.19; AECL-6680, the
energy difference is obtained by application of a voltage
to the target sufficient to offset the doublet by an amount
equal to the peak separation. In this case the voltage was
cycled with a period of li hours by turning the supply on
and off. Our observations and conclusions are as follows:
(i) Off-line tests indicate that the high-voltage power
supply has a warm-up time of 3 hours, during which the
voltage drifts approximately 80 volts (0.3%). We are
presently building a high-voltage switch to enable the
target voltage to be cycled without turning off the supply.
The cycle period could be as short as one minute.
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(ii) Ten percent non-linearities were observed in the
position spectrum of our detector. Consequently the
matching of proton peaks must be near perfect to avoid
non-linear corrections. In future, special care will be
taken to match peaks as closely as possible,
(iii) The stability of the accelerator analyzing magnet
was monitored by encoding with each event a signal from an
NMR probe in the magnet. The ^He++ beam energy
was observed to drift up to 10 keV in 3 hours. This drift
degraded the proton peak resolution but should not have
affected the energy separation of the proton peaks. The
recent commissioning of a NMR stabilized magnet power
supply (See PR-P-125: 2.30; AECL-6956) should alleviate
this problem.
(iv) The proton peak shape was a slightly skewed Gaussian
with an appreciable low energy tail. The amount of tailing
appeared to increase with the length of time the target was
exposed to the beam. With careful monitoring of the
target's condition this problem can be minimized,
(v) Since the proton peaks are not perfectly resolved,
it was necessary to fit the data with a lineshape before
determining the centroid of each peak. However, tailing
and a 8:1 ratio of ground state proton events to first
excited state proton events meant that the lineshape used
to fit the ground state peak could bias the fit to the
excited state peak. Presently this effect limits the
precision of our measurement to ±0.8 keV, although our
statistical uncertainty is + 0.4 keV.

Our measured value for the first excited state
energy of 28Al is 31.4 ± 0.8 keV, in agreement with
the known value 30.6415 + 0.002 keV. Future experiments
will emphasize target development in preparation for
measuring differences in (̂ He,t) reaction Q-values
(See PR-P-123: 2.19; AECL-6680). The improvements already
initiated should reduce experimental uncertainties close to
our anticipated goal of a few hundred eV.

2.21 Isotope Separator Operation and Development

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

The isotope separator was used for two on-line runs
of five days duration each, to measure exact branching
ratios and a precise half-life of 20Na, and to study
target performance and reaction yields. The instrument was
available throughout this time, no sparking was observed at
the rated voltage of 40 kV, and for long periods the
separator ran virtually unattended.

Under on-line conditions the overall efficiency of
the instrument, as measured with a calibrated xenon leak,
can lie anywhere between 6% and 18%. Extensive off-line
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studies have been undertaken to find what limits the
efficiency, so far without conclusive results. Since each
source assembly yields a definite efficiency (fairly
independent of the operating parameters) whereas two
seemingly identical assemblies can yield quite different
efficiencies, we are led to believe that certain critical
source dimensions play an important role. Yet the
systematic variation of many source dimensions failed to
point at any specific problem area.

The xenon gas leak, used for the efficiency
determinations has been calibrated and was found to be in
reasonable agreement with the manufacturer' s specifications.
Our result is a rate of 2.2 x 10~6 std cm^/s
(±10%) versus 1.9 x 10~6 std cm3/s (±10%) as
deduced from the specifications. The leak had been
purchased filled with argon at 5.03 MPa (730 psia); it
is now used with xenon at 903 kPa (131 psia).

Ion source release times are as a rule minimized by
increasing the catcher temperature, which in turn is
limited by the melting point of the cathode cylinder and
the electrical properties of the insulation supporting the
anode cylinder. Using a pyrometer we have now measured,
for the first time, the temperature of the anode cylinder,
the graphite catcher, and the tantalum cathode cylinder as
a function of a wide range of all ion source parameters.
Typical values are 1200 ± 70°C, 1450 ± 90°C, and 1650 ±
100°C, respectively. We conclude that, so far, we have
operated the FEBIAD source rather conservatively. Catcher
temperatures approaching 2000°C should be achievable with
the present design.

2.22 On-Line Tests of New Targets for the Isotope Separator

E.G. Hagberg, J.C. Hardy, H. Schmeing (Neutron and Solid
State Physics Branch), J.S. Wills, W.L. Perry, E.T*H.
Clifford, V. Koslowsky and H.C. Evans (Queen's
University).

The FEBIAD ion source (PR-P-121: 2.20; AECL-6530)
has so far been the only ion source used in on-line runs on
the isotope separator. The versatility of this source is
limited for light ion tandem beams since the recoiling
product nuclides from the target, which is mounted outside
the ion source, have to pass through an entrance window in
order to reach the interior of the source. A high recoil
energy is thus necessary, excluding the use of tandem beams
as light as protons or -̂ He.

This limitation can be overcome by placing the
target inside the ion source, although special care has to
be taken in selecting such a target since it has to
withstand the hostile environment inside the source. In a
first run with internal targets three different
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high-temperature compounds were tested: MgO, S^02
and NiO. The graphite catcher of the ion source was also
used as an internal target.

The results are summarized in the upper part of
Table 2.22.1. Only one target, SiO2, survived the
test intact. The others were found to be slowly reduced by
the tantalum in the adjacent entrance window, leading
eventually to the destruction of the window and the target
itself. This deficiency can probably be overcome by
introducing a thin carbon film between the target and the
window.

A short test with calcium targets, mounted in the
normal way outside the ion source, has been made in a
separate run. The results are given in the lower half of
Table 2.22.1.

Order of magnitude estimates of the separator
efficiencies were obtained from a comparison of the
observed production rates with calculated rates, for which
cross sections taken from the ALICE computer code
(PR-P-118: 2.22; AECL-6216) were used. The efficency for
Cu,Zn and Ga is then found to be ~ 0.5% while that for O
and Al is ~ 0.01%.

Table 2.22.1

Observed Production Rates from the On-Line Isotope Separator

Nuclide Observed

a) internal

140

26A1

59Cu

60Zn

b) external
6°Zn
63Ga

targets:

targets:

Beam

3He

3He

3He

3He

28Si

28Si

12C

28Si

58Ni

58Ni

40Ca

4 0 Ca

Target

(catcher)

(SiO2)

(NiO)

(NiO)

Production Rate
(Atoms/s)

800

170

3.103

260

65

390
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2.23 A 47r Proportional Counter for Use with the Isotope
Separator

V. Koslowsky, J.C. Hardy, J.S. Merritt, J.G.V. Taylor,
W.L. Perry, E.T.H. Cliffort, E.G. Hagberg and H. Schmeing
(Neutron and Solid State Physics Branch)

We are investigating the use of a iw gas-flow
proportional counter to measure half-lives and branching
ratios of radioisotopes produced by the on-line isotope
separator. A representative drawing for the 4ir
proportional counter developed by the Counter Development
Group is shown in 'A Handbook of Radioactivity Measurements
Procedures' NCRP No. 58, section 3.5.1, Fig. 28. We have
modified the design of this detector so that the samples
enter and leave the counter on the aluminized mylar tape
driven by the large tape transport system (see Nucl. Instr,
& Methods 139 (1976) 355.) Samples collected in the
separator beam can be introduced into the proportional
counter within 200 ms.

The features of a 4x proportional counter we wish to
exploit are:
(i) the large solid angle and high counting efficiency,
(ii) the short recovery time of the detector (~200 ns),
(iii) alpha-beta particle discrimination, and
(iv) a low background counting rate due to the detector's

insensitivity to gamma rays.
First on-line tests were hampered by problems with roller
alignment on the tape transport system and a build-up of
dirt from the tape on the entrance of the proportional
counter. Steps are being taken to cure these problems.

2.24 Beam Profile Monitor Evaluation

R.A. Surette and T.K. Alexander

Three commercial profile monitors have been
installed at the MP tandem accelerator and evaluated over
a period of about 2 years. The avefcage time to failure
was approximately 6 months. The most common failure mode
is sticky rotor vacuum bearings.

Failure of these bearings does not necessitate
replacement. Removal and cleaning with acetone in an
ultrasonic cleaner is sufficient to renew them.
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2.25 Radioisotope Dating with the MP Tandem Accelerator

H.R. Andrews, G.C. Ball, W.G. Davies and J.C.D. Milton with
Y. Imahori (NRX Reactor Branch) and R.M. Brown and
R.J. Schultz (Environmental Research Branch)

A five day run was completed in January with the
primary purpose of testing stability and reproducibility.
The 56° line position was used with the velocity filter
modified to cleanly separate ^C and ^C. Ttie
terminal voltage was held constant and the analyzing magnet
was varied for analysis of *-2C, 4C as described
previously (PR-P-124: 2.22; AECL-6687). The Rawson probe
was used for analyzing magnet field control - there
appeared to be a differential hysteresis effect between it
and the NMR reading. Future measurements will use the new
locking NMR and field stabilitv and reproducibility between
the two required settings should be at least an order of
magnitude better than that required.

Most of the data were taken with the irradiated
graphite sample and the atmospheric CO2 sample
described previously (PR-P-122: 2.13; AECL-6582, PR-P-120:
2.23; AECL-4152). Expressing the results for
1 4C/^C relative to the accepted value of 1.23 x
10~ 1 2 for NBS oxalic acid, we find for the irradiated
graphite the average of 7 measurements 18.76 ± 1.64(SD)
with a standard deviation of the mean (SDM) of 0.62. If we
delete one of the values (15c8) we get a mean of 19.25 ±
1.09, SDM = 0.45. All statistical errors were under 1% so
that the observed spread represents systematic errors from
system instabilities. For the atmospheric C02 sample,
the mean of 5 values (of statistical error 1.5-2%) is 2.50
+ 0.25 (SDM=0.11). For the sample of 26.3% atmospheric
C02 in dry ice CO2 (assumed infinitely old) we
find (26.7 ± 1.5)%; for the 6.57% dilution we get (7.04
0.56)%. Both these results are in excellent agreement with
the expected values.

After several days running with the irradiated
source the background values in two measurements were (8.45
+ 1.6) x 10~3 and (8.8 ± 3.8) x 10~3 of NBS
oxalic acid. These correspond to background "ages" of
about 39000 ± 1600 and 38700 ± 3600 years, respectively.
The source of the background is believed to be material
sputtered backward onto a collimating cylinder ahead of the
cone wheel in the source. This material is then
resputtered forward by the margin of the Cs beam which
strikes this surface at oblique incidence. A simple Cs
beam collimator should correct this problem.
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2.26 Progress on the Injection Beam Transport System for the
Superconducting Cyclotron

W.G. Davies and A.R. Rutledge

Solutions for U-10, U-3, C-50, C-15, Br-3 and 1-3
(PR-P-115: 2.19; AECL-5966) have been found using the
corrected cyclotron matrices (see PR-P-124: 2.25;
AECL-6788). Although minor changes in the mathematical
form of the solutions were required, no significant changes
in the hardware configurations will be necessary. The
biggest effect is a reduction by a factor of about 2 in the
vertical angle, 4>, at the entrance to the cyclotron which
results in a significant reduction in the vertical aperture
requirements of magnets BI5, BI6, and quadrupoles QI11 and
QI15. Second order aberrations are also reduced by about a
factor of 2, making second order corrections probably
unnecessary.

Solutions have also been found for U-10 and C-23
with the energy loss in a 20 jug/cm̂  12Q stripper
foil in place at the injection point of the cyclotron taken
into account. {All previous calculations have neglected
the effects of the rf system and the stripper.) The
solutions differ by only a few percent from the previous
cases.

Most recently calculations have been made for U-10
and U-3 including the effects of both the stripper foil and
the rf system. The effect of the rf system is complicated
because it introduces time dependent terms which couple the
bunch length into the (x,0) plane, as well as generating
time dependent momentum terms. These terms break the
symmetry of the system and the symmetry plays an important
role in obtaining a solution. The theory has been modified
to accommodate the loss of symmetry and solutions for U-10
and U-3 have been found that are of similar quality to the
earlier solutions. Reoptimization of the other test ions
is in progress. This is necessary to ensure that the
hardware configuration can accommodate the full range of
ion species and energies.

2.27 Emittance Measuring Device

R.L. Graham, T.K. Alexander, R.A. Surette and L.D.J. Hansen
(Mathematics and Computation Branch)

An emittance measuring device has been installed in
the 10° line after the first MP tandem switching magnet
(See PR-P-124: 2.26; AECL-6788). It is now in full
operation.
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A computer program that was developed to operate
these devices at the VICKSI project in Berlin [Chr.
Egelhaaf and R.L. Graham, HMI Bericht HMI-B301, in press]
has been modified for the CRNL application. An emittance
measurement takes less than three minutes and produces a
contour and a three dimensional plot on a Tektronix 613
storage tube display. Hard copies of the emittance plots
are available from a Tektronix 4610 hard copy unit.

Emittance measurements have been made on ^C,
3^S and ^3 C u beams. The normalized emittance
area for a 34S beam of 19.6 mm-mrad-(MeV)\ is
consistent with that assumed for cyclotron beam transport
calculations which was determined by previous measurements
(PR-P-114: 2.13; AECL-5845).

2.28 Computer Aided Control System for the Superconducting
Cyclotron

R.L. Graham, B.F. Greiner (NRX Reactor Branch), L.D. Hansen
(Mathematics and Computation Branch) and RnB. Walker

The PDP-11/34 computer has operated reliably
throughout the past quarter although some 'soft' parity
errors have been noted on reading both RP02 disks. As yet
these are occasional and have not presented a problem.
Parity errors did not show up on the most recent PM
checkup.

Two LA-120 hard copy terminals have arrived and have
been checked out. When the needed DL-ll/W interface boards
arrive in April these terminals will be attached, one will
be located in room 15 for checking modules.

In revising the specifications for the beam
transport system (CRNL-2040) it has been assumed that all
power supplies will be interfaced to a new type of IGOR
which is functionally similar to the HMI designed Kinetic
Systems Model 3060 but has certain hardwire modifications
that will allow the crate or IGOR to be turned off or the
cable disconnected without necessarily shutting down the
power supply. To achieve this the power supply must be
equipped with its own DAC controlled from a latching
register. The register latches the data from the output
gate of the IGOR only when the handshake signal appears. It
is proposed that all power supplies communicating with the
control system be operated in this manner. For existing
supplies and for those where it will not be convenient to
incorporate these features, we propose to construct
interface boxes containing the necessary DAC and latching
register.
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2.29 CAMAC Modules for the SCC Control System

R.B. Walker, L.D. Hansen (Mathematics and Computation
Branch), R.L. Graham and B.F. Greiner (NRX Reactor Branch)

a) Test Procedures for CAMAC Modules

Quality control for the large number of CAMAC
components in the final system requires both special test
modules and programs. Construction of four of the test
modules has been completed and more are in progress. These
are based on the designs used for the VICKSI project and
have proven invaluable in their quality assurance program.
At the moment we have:

1 IGOR Test module (Input Gate Output Register)
1 SMC Test module (Stepping Motor Controller)
2 SPO Test module (Status read and Pulse Output)

The MUMTI program for testing IGOR's was developed
by L. Hansen in Berlin and is now running here with slight
modifications. It is fuly documented and will be issued as
a CRNL report. Recent tests of our 14 IGORs revealed
faults in four including two which responded to commands
intended for a module at a different crate location. All
are now repaired.

The SMC test program from the Hahn-Meitner Institut
has been adapted by R.B. Walker to make its operation
similar to and consistent with the IGOR test program. A
document is in preparation.

The HMI test program for the SPO modules needs to be
modified.

When all test modules and their corresponding
programs are fully operational then testing of the large
number of CAMAC components anticipated (500) will become a
routine task.

(b) Manual.Modules

Two manual IGORs and three manual PSCs (Power Supply
Controller) have been completed. Construction of manual
SMCs and more manual IGORs is planned. These ac powered
boxes provide all the features of their CAMAC counterparts
and can be used for testing power supplies, and other
components off line.

(c) Special Modules

Six knob modules (NIM) and six driver modules have
been completed. The latter draw their power from a crate
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but get their control signals from an IGOR port. These
will be used, eventually, at the control desk for operating
power supplies and similar equipment.

2.30 Tandem Electronics

J.P.D. O'Dacre, E.C. Waito and J.S. Barsczewski

Four current offset/calibrators, described in PR-
P-122: 2.21; AECL-6582 have been put in service with the
appropriate beam current integrators.

Two dual preset counters for controlling
experiments, described in PR-P-124: 2.27; AECL-6788, have
been completed and placed in service with the auto control
systems.

The trim coil drive section of the nuclear magnetic
resonance (NMR) based analyzing magnetic field
stabilization system (PR-P-121: 2.30; LECL-6530) has now
been in service for 3 months. The short term (~1 second)
field fluctuation is 3.5 t*T (0.035 gauss) as indicated on
the linear resonance display, and the long term drift
(weeks) approximately 2.5 nT (See PR-P-114: 2.21;
AECL-5845.) The final section of the field stabilizer,
that of wide range auto tracking, has been temporarily
delayed owing to the unreliability of the solid state
switches used. A new printed circuit board using reed
relays has been produced and will be tested ft the first
opportunity.

2.31 Computers and Instrumentation
F.J-. Sharp

The Mikros MK16 Computer was received early in
February, unfortunately the Video Terminal was damaged. It
was sent back to the factory for repair and as of April 1st
had not been returned. It has not been convenient to use
the system in the meantime.

A Hewlett Packard Graphic Plotter type 722OS has
been installed on the PDP-10 Computer. Additional software
is required to make full use of the four color capability
of the new plotter.

A locally built 16 channel serial I/O interface has
been built and added to the dataline scanner (DC10) on the
PDP-10 Computer. This I/O interface doubles the capacity
of serial I/O lines available for terminals. The first
additional serial I/O device installed was the
Hewlett-Packard Graphic Plotter.
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The construction of a 16 Channel Data Multiplexer
for the Mikros Computer is progressing well. When
completed, this multiplexer will handle 16 Wilkinson type
ADC's in combinations of single and related addressing
modes.

Hardware faults severely reduced the availability of
both tiie PDP10 ana PDP1 computers in January and February.
The PDP10 was down for several weeks because of faults in
the DM-10 (8 channel multiplexer Interface) and in the
MA-10 memories. Modifications to the Magnetic Tape
Transports also ran into trouble. The DM-10 Interface had
apparently overheated as a result of cooling fan failure
damaging several board modules and creating a series of
intermittent faults for a period of several weeks.

An elusive fault exists on the PDP-1 magnetic tape
which affects only one special mode of tape operation.
Lack of documentation makes the fault difficult to trace.
Furthermore, since the PDP-1 is the primary data
acquisition system for the Tandem Group, it is very
difficult to obtain sufficient diagnostic time on the
PDP-1.

2.32 Target Preparation Laboratory
J.L. Gallant

In addition to normal target preparation for tandem
experiments, development work was done on complex
multilayer targets needed for the measurement of transient
fields in gadolinium. In addition, twenty targets
consisting of uranium-238 deposited on stretched aluminum
films were prepared for muonic fission experiments
performed at TRIUMF.

Determination of Stripper Foil Thickness
Cracked ethylene stripper foil thickness is now

determined relatively accurately in the laboratory. A
calibration curve was done for the ethylene cracking
procedure (thickness vs. time at constant pressure and
voltage). This was done by weighing the carbon deposition
on a 0.3 mm thick aluminum disc after ten second time
intervals. The results confirm that the stripper foil
thickness in the tandem terminal is 3 tig/cm2 as
reported in "Determination of Thickness of Installed
Terminal Stripper Foils" (PR-P-124: 2.23; AECL-6788).

Work done for other branches
Several titanium collector screens were platinum

coated for the General Chemistry Branch. These screens are
used in the General Electric Solid State Electrolysis
cells. The platinum deposition was done to see if there
would be an improvement in unit cell voltage. If this
proves successful another 40 collector screens will be
processed.
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The laboratory attempted to evaporate 10 mg/cm^
copper on Kapton films which are to be used as bypass
capacitors for the RF structure of the Superconducting
Cyclotron. However, it was observed that a film of that
thickness tended to peel and the Kapton itself was affected
by prolonged exposure to heat during evaporation. Success
was achieved by coating the Kapton with a thin evaporated
deposit of copper as a conductive layer and the required
thickness attained by electro-plating. This work was done
for the Accelerator Physics Branch.

2.33 MP Tandem Operation

J.C.D. Milton

The tandem availability here reported is low in
large part because of the regular Christmas shutdown, about
10 days, (See Table 2.33.1). Two unusual occurrences
contributed to the unscheduled shutdown. In the first, a
sight glass used for aligning the accelerator tubes
shattered, imploding into the high energy beam line. In
the second, one of the Pelletron charging chains broke (cf
PR-P-125: 2.2) necessitating replacement with a new chain.
In all, the tank was opened three times. During one of the
openings, the accelerator tubes were rotated back to their
original orientation (PR-P-124: 2.29; AECL-6788). Although
some difficulty occurred in obtaining reproducible
transmission measurements, it had become clear that the
transmission was indeed substantially poorer in the trial
orientation. Despite the many operations inside the tank
and catastrophic vacuum failures, trouble free operation
over 13 MV was obtained for several days.

During the period under review, 16 experiments were
run involving CRNL and 11 visiting scientists. The
visitors participated in experiments involving 75% of the
experimental time and during which they provided 48% of the
effort.
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Table 2.33.1

MP Tandem Availability 79 December 13 to 80 March 31

Hours %

Beam Available

Scheduled Shutdown

Unscheduled Shutdown
TOTAL

Standardization of 60Co

1413

602

625
2640

53.5

22.8

23.7
100.0

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

A chemically purified stock of aged ^C^o has
been standardized by the iirfi-y coincidence method. Samples
have been sent to the Bureau International des Poids et
Mesures for registration in the international reference
system. More than thirty other samples or sources prepared
from the solution have been distributed to users, mostly
within AECL, to serve as calibration standards. The
standard error in the measurements of the activity
concentration of the solution was~0.02%. Sources of
systematic uncertainty were estimated to be < 0.1%, and no
impurities were detected. The uncertainty stated for an
individual user's source was higher, <( 0.5%, because it was
impractical to compare the relative activities of such a
large number of sources more precisely.

2.35 A Survey on the Stability of Semiconductor Detectors

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

A survey was conducted for the a-,/}- and 7-ray
Spectrometry Working Group (SWG) of the International
Committee for Radionuclide Metrology (ICRM) to ascertain
the performance characteristics observed by users of
semiconductor detectors over a period of time. Scientists
from twenty-two laboratories located in twelve countries
reported information on a number of detectors that were
supplied by fourteen producers from eight countries. Among
the conclusions was that the efficiency may vary in either
direction. The results of the survey have been documented
for distribution to the SWG of ICRM and to the scientists
who contributed information.
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2.36 Decay Data for Radionuclides used for the Calibration of X-
and 7-Ray Spectrometers

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

Measurements made in this laboratory of decay data
(half-life values and T-ray emission probabilities) have
been summarized in answer to a request from the
Spectrometry Working Group (SWG) of the International
Committee for Radionuclide Metrology (ICRM). A statistical
uncertainty of one standard deviation was given, and
systematic uncertainties to correspond to this confidence
level were evaluated, which necessitated considerable
recalculation of the data to fulfill the request. A report
has been prepared (AECL-6692).

2.37 Half-Life of 22Na

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

The decay of our two samples of 22Na (PR-P-124:
2.33; AECL-6788) has now been followed with the 4TTT
ionization chamber for four half lives. Normally we follow
decay for about ten half lives but have terminated this
experiment because 1) the results have been very consistent
and the standard deviation small, 2) the residual activity
is low and 3) we are moving to an automatic sample changer
that would necessitate additional calibration work to
continue the series. A check by Ge(Li) Y-ray spectrometry
revealed no impurities and a limit of < 0.01% for higher
energy 7-rays and < 0.1% for lower energies was estimated.
Our final result for the half life of 22Na is
therefore 950.34 ± 0.22 d, where the uncertainty shown is
one standard deviation ( ±0.12 d) plus the estimated
systematic uncertainty from impurity of the 2 2 6 R 3

reference source (AECL-6692, 1980).

2.3S Standards Issued

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

24Na Health Physics
56Mn Health Physics
6°Co CRNL Branches: Environmental Research,

General Chemistry, Health Physics, Neutron and
Solid State Physics, Nuclear Physics, R.&I.S.,
Reactor Control, Solid State Science, and
System Materials
WNRE Branches: Analytical Chemistry and
Environmental Research
Commercial Products
University of Guelph
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90Sr R.&I.S.
-l-44Ce Biomedical Research
147Pm R.&I.S.

2.39 Miscellaneous Services

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

60Co source for Commercial Operations (separate
request not related to our major issue of ^°Co
standards)
22Na source for the Therascan 3128 contract of Reactor
Control Branch
2 4 source for Nuclear Physics Branch

solution for Environmental Research
VYNS films supplied to Nuclear Physirs Branch
Assay of radionuclidic content of samples of irradiated and
unirradiated sewage water for Accelerator Physics Branch.

2.40 Tandem Superconducting Cyclotron Computer-Aided
Control System

L.D. Hansen
See PR-P-125: 5.5; AECL-6956

2.41 Parity Violation in the Photodisintegration of
Deuterium

E.D. Earle and J.W. Knowles, with A.B. McDonald and
J.J. Hill (Nuclear Physics Branch)
See PR-P-125: 3.16; AECL-6956

2.42 Deuterated Polyethylene Target Holders for (n77)
Studies

M.A. Lone with J.L. Gallant (Nuclear Physics Branch)
See PR-P-125: 3.17; AECL-6956

2.43 Characteristics of Neutrons from Be Targets Bombarded
with Proton, Deuteron, and Alpha Particles

M.A. Lone with A.J. Ferguson (Nuclear Physics Branch)
and B.C. Robertson (Queen's University)
See PR-P-125: 3.19; AECL-6956

2.44 Ion-Chamber Sample Changer

J.G.V. Taylor, H.C. Spenceley, W.F. Slater, L. Milani
with J.S. Merritt and L.V. Smith (Nuclear Physics
Branch)
See PR-P-125: 3.25; AECL-6956
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2.45 Laser Magnetic Resonance

D.R. Smith, J.S. Geiger and J.D. Bonnett
See AECL^6966, PR-CMa-3.2.4,

2.46 Accelerator Measurement of Carbon-14

R.M. Brown with H.R. Andrews, G.C. Ball, W.G. Davies
and J.C.D. Milton of Nuclear Physics Branch and
Y. Imahori of NRX Reactor Branch
See PR-H-3: 3.13; AECL-6955

2.47 Publications and Lectures

SECOND ORDER ABERRATIONS IN THE TRANSPORT OF BUNCHED BEAMS
W.G. Davies
Nuclear Instruments and Methods 169 (1980) 337

QUADRUPOLE MOMENT OF A HIGH SPIN YRAST TRAP IN 147Gd
O. Hausser, H.-E. Mahnke, J.F. Sharpey-Schafer, M.L.
Swanson, P. Taras, D. Ward, H.R. Andrews and T.K.
Alexander
Phys. Rev. Lett. 44(3) (1980) 132

APPLICATION OF TRANSIENT MAGNETIC FIELDS TO THE MEASUREMENT
OF g-FACTORS FOR SHORTLIVED NUCLEAR STATES POPULATED BY
MULTIPLE COULOMB EXCITATION
O. Hausser, D. Ward, H.R. Andrews, N. Rud, P. Skensved and
C. Broude, Nuclear Instruments & Methods 169 (1980) 539.

b) Lectures

Seminar given a t Liverpool, U.K. 1979 December 18, by D.
Ward:
LOW ENERGY STOPPING POWERS

The following seminar was presented at the Argonne National
Laboratory, Argonne, Illinois, 198C February 08 and at the
Texas A and M University, College Station, 1980 February 12
by D. Ward:
g-FACTORS FOR HIGH SPIN STATES

Seminar presented at Los Alamos Scientific Laboratory* Los
Alamos, New Mexico, 1980 February 25 and California
Institute o£ Technology, Pasadena, California, 1980
February 27, by A.B. McDonald:
PARITY VIOLATION IN NUCLEI: STUDY OF THE WEAK
NUCLEON-NUCLEON INTERACTION
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The following invited talk was given at the Western
Regional Nuclear Physics Conference in Gull Harbour,
Manitoba 1980 March 1 by J.C. Hardy:
FIRST EXPERIMENTS WITH THE CHALK RIVER
ON-LINE ISOTOPE SEPARATOR

Invited talk delivered at. the American Physical Society
Meeting in Houston, Texas, 1980 March 26 by J.C. Hardy:
BETA-DELAYED NUCLEON EMISSION

The following paper was presented at the International
Conference on Band Structure and Nuclear Dynamics, New
Orleans, 1980.
QUADRUPOLE MOMENTS OF YRAST ISOMERS IN 144,147,148Gd
O. Hausser, T.K. Alexander, H.R. Andrews, H.E. Mahnke, J.F.
Sharpey-Schafer, M.L. Swanson, P. Taras and D. Ward.

The text of the above lectures may not be available in
print.
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NEUTRON AND SOLID STATE PHYSICS BRANCH

G. DOLLING

3.1 Staff

3.2 Lattice Dynamics of CuQ 9 2
G e0 08

3.3 Diffuse Scattering from g-Nitrogen

3.4 Neutron Scattering from the Metallic Glass CuQ g
ZrQ 4

3.5 Structural Transitions in Antifluorite Crystals

3.6 Intermolecular Modes in Deuterated a-Glycine

3.7 UV-Induced Dehydration of Cytosine Monohydrate

3.8 Lattice Vibrations in Uranium Sulphide (US)

3.9 Magnons and Phonons in Uranium Telluride

3.10 A Remote Control Rotatable Crystal Mount

3.11 Structural Peculiarities in UPd,

3.12 Observation of Interaction Between Impurity Spins and
Phonons in KZn ggCo T O ^

3.13 Continuum Spin-Wave Response in CsCoCl,

3.14 Vacancy Formation Energy in Type 310 Stainless Steel
by Positron Annihilation

3.15 High Resolution Measurements of the Photofission
Spectrum of 2 3 2 ^ Near Threshold

3.16 Parity Violation in the Photodisintegration of Deuterium

3.17 Deuterated Polyethylene Target Holders for (n,y) Studies

3.18 Production of High Energy Neutrons from Thermal Neutron
Capture in Li and B Compounds

3.19 Characteristics of Neutrons from Be Targets Bombarded
with Proton, Deuteron and Alpha Particles

3.20 N4 - External Thermal Neutron Beam

3.21 Reactor Beam-Hole Use

3.22 Status of Equipment Construction

3.23 Purification and Characterization of CdTe

3.24 Ge Detector Systems

3.25 Ion-Chamber Sample Changer

3.26 Interfacing the Ion-Chamber Sample Changer to SUCCESS

3.2 7 Miscellaneous Services
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3.28 Glassblowing Services

3.29 Machine Shop Services

3.30 The Momentum Distribution and Condensate Fraction
in Liquid ^He

20

3.31 Branching Ratio in the Beta-Decay of Na

3.32 Isotope Separator Operation and Development

3.33 The T =3/2 Series of Beta-Delayed Proton Precursors

3.34 Precision Mass Measurements

3.35 On-Line Tests of New Targets for the Isotope Separator
3.36 A 4TT Proportional Counter for use with the Isotope

Separator
3.37 Parity-Violating Alpha Width of the 3.56 MeV State

of 6Li
21

3.38 Parity Mixing in Ne: Test of the Weinberg-Salam
Model of the Electroweak Interaction

3.39 Publications and Lectures
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3.1 Staff

SECTION I

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

BRANCH HEAD: G. Dolling

SOLID STATE PHYSICS TECHNICAL STAFF

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

SECTION II

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

Earle
Lone

NEUTRON NUCLEAR PHYSICS

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

SECTION III

J.G.V. Taylor
H. Schmeing

COUNTER DEVELOPMENT

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

GLASSBLOWING

J.G. Wesanko

WORKSHOPS

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

Spenceley
Whitlock

DESIGN

W. McAlpin
J. Dunn (2)

SECRETARIAL STAFF

D.M. Mitchell

(1) Postdoctoral Fellow from University of Edinburgh,
Scotland.

(2) Seconded from Design and Technical Service Branch.
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3.2 Lattice Dynamics of CuQ Q22£n 0 8

E.C. Svensson with E.D. Hallman (Laurentian University)

The study (see PR-P-124:3.2, AECL-6788) of the
temperature dependence of phonon frequencies and lifetimes
was resumed and the measurements at 500 K completed. Several
additional phonons were also studied at 500 K and 100 K in
order to obtain a more complete picture of the wave-vector
dependence of the substantial width changes for the [00t;]T
branch.

A set of measurements (at 3 small values of the wave
vector for each of the 6 principal symmetry branches in the
[110] plane) was also carried out at 296 K under conditions
of high resolution in order to obtain more precise estimates
of the elastic constants (see PR-P-12 3:3.2, AECL-6680).

Selected measurements were also carried out at 100 K
to search for premonitory effects of the transition from the
fee to the hep structure which is expected to occur at low
temperatures for a Ge concentration close to that of our
specimen. There was no evidence for any effects of this kind
on the phonon frequencies or lifetimes, but, in elastic scans,
we did observe several weak peaks which could not be attri-
buted to higher-order reflections or to misoriented pieces
of fee crystal. These peaks were observed along lines in
reciprocal space where the hep reflections would be expected
to occur, but not at the expected positions. Measurements
at other positions in reciprocal space, and probably also at
other temperatures, will be required to determine un-
ambiguously the origin of these peaks.

3.3 Diffuse Scattering from g-Nitrogen

B.M. Powell, G. Dolling and H.F. Nieman, with V.F. Sears
(Theoretical Phycics Branch)

Measurements of the diffuse scattering from hexagonal
B-N2 mentioned previously (PR-P-124:3.8, AECL-6788) have been
analysed on the basis of a simple model for the orientational
disorder of the N2 molecules, similar to that used for cubic
CBr4 (G. Dolling, B.M. Powell and V.F. Sears, Molec. Phys.
37 (1979) 1859; AECL-6556). The disagreement between the
observed spectrum consisting of three broad oscillations
and the calculated curve monotonically rising to a single
broad peak at the highest neutron momentum transfers is most
striking, and may be due to the neglect in the calculations
of any correlations between the orientational and trans-
lational motions of the molecules.
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3.4 Neutron Scattering from the Metallic Glass CuQ ,ZrQ .

T.M. Holden with G.C. Hallam, S. Dugdale and D. Pavuna
(University of Leeds, England)

The experiments described in PR-P-124:3.3, AECL-6788,
were extended to smaller wave vectors where the incoherent
approximation is invalid and where coherent phonon effects
can be expected. At the wave vector, where S(Q,0) has its
maximum, 2.8 A~l, the inelastic scattering has the form of
a tail on the elastic scattering. At 2.0 A~^*a definite
inelastic peak is observed in the scattering. A similar
effect, with worse resolution and statistics, was observed
in the earlier Harwell experiment. This suggests that the
picture of damped phonon modes propagating at wave vectors
close to the one giving the fundamental repeat period in
glassy structures may be physically correct. The measurement
of S(Q,0) together with the earlier Harwell result, when
appropriately normalized, was put on an absolute cross-section
scale via a vanadium intensity calibration. An effective
Debye Waller factor e"BQ2 with B = .003 ± .001 A2 is
required to account for the measured cross section.

3.5 Structural Transitions in Antifluorite Crystals

B.M. Powell and W.J.L. Buyers, with R.L. Armstrong and
M. Sutton (University of Toronto)

Studies of the structural transitions in antifluorite
crystals have been continued (PR-P-119:3.4, AECL-6366) with
neutron diffraction measurements on polycrystalline samples
of (NH^j^PtBrg. These experimental results and the earlier
results on Itt̂ Ptlg and (NH4)2

PtI6 n a v e been interpreted by
means of profile analysis to determine the crystal structures
in the various phases of these compounds. Both Rb2PtIg and
(NH4)2PtIg undergo phase transitions (at 65 K and 50 K
respectively) to a tetragonal phase. The present measure-
ments show that this phase is derived from the high
temperature cubic phase by a simple tetragonal distortion,
with no evidence for rotation of the Ptlg octahedra. In
(NH4)2PtBrg, however, the tetragonal phase below 258 K is
found to be derived by a tetragonal distortion accompanied
by a rotation of the PtBrg octahedra, in which octahedra in
successive (001) planes rotate in opposite senses
(antiferro-rotation). At 100 K (NH4)2PtBr6 has another
phase transition to a monoclinic structure. The measurements
show that in this transition the octahedra all rotate in the
same sense (ferro-rotation) but the axis about which they
rotate could not be unambiguously determined. Correlations

*iR = 0.1nm
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between the nature of the phase transitions (i.e. purely
distortive, purely rotative, or mixed character) and other
structural parameters are being investigated for the
various antifluorite compounds.

3.6 Intermolecular Modes in Deuterated a-Glycine

B.M. Powell and P. Martel

Measurements of the low frequency intermolecular
modes in deuterated a-glycine have been continued
(PR-P-121:3.4, AECL-6530). The second (lower frequency)
transverse acoustic branch along [001] has been observed
near the reciprocal lattice point (081) and appears to show
an upward curvature near the zone centre. Higher resolution
measurements are necessary to determine the detailed shape
in this region, but the frequency of the zone boundary mode
on this branch is 1.45 ± 0.04 THz. An optical branch con-
nected to the low frequency mode previously observed at r
(PR-P-122:3.5, AECL-6582) has also been observed along [001].
This branch can be outlined for only ~l/4 of the distance
to the zone boundary before the observed intensity appears
to have transferred to some other branch. The connectivity
of the branches is sufficiently complex that further
analysis requires a specific dynamical model. Such a model
is presently being developed.

3.7 UV-Induced Dehydration of Cytosine Monohydrate

P. Martel and B.M. Powell

Profile analysis of neutron diffraction measurements
on UV-irradiated polycrystalline cytosine monohydrate
(PR-P-112:3.8, AECL-5696) indicates that UV absorption leads
to the removal of the hydrate bridge between the amide group
and the carbonyl group on adjacent cytosine molecules. The
analysis shows that amide groups undergo large amplitude
vibrations in the unirradiated lattice and it is postulated
that this motion enhances detachment of water molecules when
the amide region is excited by UV absorption. Upon dehydra-
tion cytosine crystallites are created in damaged regions.
There is no evidence for the presence of uracil and it is
concluded that the amide groups remain attached to the
cytosine molecules. Similar dehydration appears possible
in DMA and could lead to localized disruption of the DNA
structure near cytosine molecules. A paper is in preparation
for submission to the International Journal of Radiation
Biology.
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3.8 Lattice Vibrations in Uranium Sulphide (US)

T.M. Holden, W.J.L. Buyers and A.F. Murray, with
P. de V. DuPlessis (Rand Afrikaans University)

The final experiment with the original Brockhouse
triple-axis spectrometer at the C5 beam position was the
measurement of the phonon dispersion relation of US. In
the [£CC] direction the TA and LA branches were almost
degenerate. Similar behaviour was also observed in UTe
(PR-P-125:3.9, AECL-6956). The optic modes were observed
at 9.3 ± 0.3 THz and were practically wave-vector in-
dependent. This contrasts with the 1.5 THz dispersion of
the optic modes in UN (PR-P-113:3.3, AECL-5802). It is
possible that the dispersion in UN results from an inter-
action vTith another, as yet unidentified, mode.

Between the optic and acoustic branches there is
a band of inelastic scattering which has the form of a
shoulder that appears above the acoustic modes. This
component does not follow the magnetic form factor nor does
it have the Q^ dependence characteristic of lattice
vibrations and its origin is presently not known. The
[00?]LA branch is unusually flat in the middle of thp zone
which may indicate that it is coupled to the band of
scattering.

Paramagnetic scattering was observed below 2 THz
and at (0.5,0.5,1.5), i.e. a zone boundary, its form is
approximately gaussian, as expected, with a full width at
half height of 1.8 ± 0.2 THz.

3.9 Magnons and Phonons in Uranium Telluride

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

A sample of ferromagnetic UTe can be prepared with
the spins aligned along a unique [111] axis by cooling the
sample through the Curie temperature in a magnetic field
directed along that axis. By measuring the excitations
with wave-vector transfer along [111] or [111] the longi-
tudinal or transverse character of the magnetic modes may
be found via the direction dependence of the cross section.
A rotating device to swing the [111] axis in the available
vertical magnetic field into the scattering plane is des-
cribed elsewhere (PR-P-125:3.10, AECL-6956). In practice
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Bragg scattering measurements indicated that about 1/2 the
spins were aligned along the [111] axis so the direction
dependence of the cross section was not very marked.
Measurements were confined to the [?£?] direction.

At 4.2 K the optic phonon frequencies are lower than
at 300 K (PR-P-121:3.6, AECL-6530). The frequency falls
from 4.75 ± 0.10 at £ = 0 to 4.35 ± 0.10 at the zone boundary.
The strongest (transverse) magnetic mode (v = 3.45 ± 0.07
at C = 0) crosses and interacts with the phonon near £=0.25
and a much weaker continuation of this branch reaches the
zone boundary at (5.8 ± 0.2) THz. Near £ = 0.25 the magnetic
intensity appears to shift to a more steeply rising band of
inelastic scattering which interser.*-s the zone bos-" ̂ ary
between 8 and 9 THz. Finally, another magnetic «uw.e was
observed with v = 8.4 ± 0.25 at t, = 0 which runs into the
band of scattering between 8 and 9 THz. The three branches
•)£ magnetic excitations are reminiscent of multibranch
spectra seen for 4f electron systems and suggest that a
crystal field model will be appropriate for UTe.

The dispersion relation for TA and LA phonons in the
[£??] direction was also measured at room temperature. The
LA mode crosses and falls below the TA mode at t, ~ 0.2 and
remains about 0.25 THz below it all the way to the zone
boundary.

3.10 A Remote Control Rotatable Crystal Mount

A.H. Hewitt, W.J.L. Buyers, T.M. Holden and A.F. Murray

A device has been constructed which allows for a
90° rotation of a crystal within the sample cavity of a
Cryogenics Associates superconducting magnet cryostat,
operated by a control wire external to the cryostat. This
device is essential to experiments involving the 'poling1

of magnetic samples (PR-P-125:3.9, AECL-6956).

The crystal is mounted on a miniature triple—axis
goniometer, attached to the inner surface of a 5 cm
diameter ring (essentially a 1.2 cm long tube). This ring is
constrained by teflon rollers to rotate only about its
'tube' axis, and the rotation is brought about by pulling
a steel cable anchored to, and wrapped around, the
circumference. Adjustable stops on the ring restrict the
rotation to +90°, and a subsequent -90° rotation is pro-
duced by a return spring. The control cable reaches the
experimentalist through a plunger type vacuum seal in the
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top of the cryostat. A further feature of the device is
that two individual crystals may be simultaneously mounted
and aligned with respect to one another.

3.11 Structural Peculiarities in

A.F. Murray and W.J.L. Buyers

The actinide intermetallic compound UPd3 has been
shown to have localised 5f electron spins (PR-P-124:3.10,
AECL-6788). Motivated by anomalies in the magnetic
susceptibility and thermal expansion below 10 K, we have
found, with the L3 spectrometer at NRU, satellite reflec-
tions at (0.5, 0, n) positions, which are present for
temperatures below 10 K. The exact temperature dependence
of the order parameter is not yet clear, due to difficulties
with the temperature sensors. The transition appears to
be structural, and we would speculate that it corresponds
to a compression and rarefaction of the UPd3 lattice with
threefold symmetry about the c-axis. We have also dis-
covered that the reflections (00&) with & ^ 4n, which
should be systematically absent in the dhcp structure of
UPd3 given in the literature, are, in fact, present for
all temperatures up to 295 K, with an intensity equal to
10"2 of the (008) peak.

3.12 Observation of Interaction Between Impurity Spins and
Phonons in KZn 00Co , ~F_

W.J.L. Buyers, T.M. Holden and E.C. Svensrson, with
D.J. Lockwood (National Research Council)

The neutron scattering (PR-P-124:3.9, AECL-6788)
from KZn 88Co.12F3 *-n t h e re<?i°n of the j = 1/2 to j = 3/2
spin-orbit transition of a single Co2+ ion shows a
two-peaked structure with frequencies of -8.8 THz and
-10.1 THz. The difference is too large to be associated
with the shift of the transition freguency caused by pair
interactions. Further, the structure factor is inter-
mediate between that of a magnetic and phonon excitation.
It is concluded that a relatively flat phonon branch
interacts with the single-ion and pair magnetic excitations
with significant transfer of magnetic intensity to the
phonon.



- 54 -

3.13 Continuum Spin-Wave Response in ^

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

Further experiments were carried out that confirm
the earlier conclusion (PR-P-123:3.9, AECL-6680) that
spin-waves in an Ising-like one-dimensional antiferromagnet
are not well-defined excitations. Instead the spin
response at q = Tr, the magnetic zone-centre, consists of a
sharp rise to -2.7 THz followed by a high frequency tail
that approaches background near 3.5 THz. These measurements,
made in the (101) zone, show, as expected, the phonon at
~3.7 THz to have almost negligible intensity compared with
its strength in the zone around (003). In a recent work
from RNL (Satija et al., preprint) the phonon was not
resolved. Our result appears to be in agreement with the
recent theory of Ishimura and Shiba (Prog. Theor. Phys.
63, No.3 (1980) in press), who predict that the spin-wave
band extends over the range 2J(l±2e), where 2J is the zone
boundary frequency and e the ratio of transverse to Ising
interactions. However, the observed line shape is more
sharply peaked at low frequencies than the theoretical
line shape. This we associate with the limitations of the
theoretical calculations which were for chains of only ten
spins.

3.14 Vacancy Formation Energy in Type 310 Stainless Steel by
Positron Annihilation

S.M. Kim

As part of an ongoing program to determine the
structure and composition dependence of vacancy formation
energies in stainless steels (s.s.), the peak coincidence
rate has been measured in the fee 310 s.s. from 10°C to
1300°C. The chromium and nickel content in 310 s.s.
(Fe25Cr21Ni) is considerably higher than that in the
fee 316 s.s. (Fel7Crl2Ni) studied previously
(PR-P-119:3.11, AECL-6366).

The peak rate increased linearly with temperature
from 10°C to ~800°C with a slope slightly larger than the
volume expansion coefficient. Above 800°C the peak rate
increased rapidly with temperature indicating positron
trapping at vacancies. Since a complete S-shaped trapping
curve cannot be obtained for this alloy, the data were
analysed according to the trapping model assuming that the
parameter yxjes/k, where p is the trapping rate, Tf is the
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free lifetime, and S is the phonon entropy, lies within the
range of 5 *10 4 and 1.5 *10 6. Within these limits the
vacancy formation energy was determined to be 1.62 ±0.20 eV.
This value is nearly identical to that in the fee 316 s.s.
indicating that the vacancy formation energies in fee
stainless steels are insensitive to the variation in alloy
composition.

3.15 High Resolution Measurements of the Photofission Spectrum

of Th Near Threshold

J.W. Knowles, W.F. Mills and R.N. King, with T.E. Drake,
B. Pich and S. Yen (University of Toronto)

The Chalk River bremsstrahlung monochromator at the
University of Illinois Microtron Laboratory (PR-P-117:3.14,
AECL-6177 and PR-P-122:3.12, AECL-6582) has been used with a
multiwire fission chamber, described in PR-P-107:3.17,
AECL-5256 and PR-P-109:3.10, AECL-5508, to measure the
photofission threshold spectrum of 2^7h between 5.3 and
6.7 MeV with a resolution of «12 keV. This spectrum, which
increases exponentially on the average with increasing
photon energy, shows three distinct plateaus at 5.3 to
5.8 MeV, 5.9 to 6.1 MeV, and 6.2 to 6.6 MeV. Structure is
observed on each plateau. In particular a band of four
well-resolved peaks of comparable intensity, separated by
«60 keV, are observed at 5.91, 5.97, 6.03 and 6.09 MeV on
the second plateau and other prominent peaks are observed
at 6.33 and 6.49 MeV on the third plateau. The best previous
measurements (PR-P-108:3.14, AECL-5315) made with 75 keV
resolution showed only a single peak at 5.95 MeV. Photo-
fission cross sections obtained by averaging the current
measurements over 75 keV intervals agree within statistical
error with the previous measurements.

3.16 Parity Violation in the Photodisintegration of Deuterium

E.D. Earle and J.W. Knowles, with A.B. McDonald and
J.J. Hill (Nuclear Physics Branch)

The polarized electron source has been moved to its
new location in target room 3 of the Tandem building and
has been operated at 60 kV to produce electron beams of up
to 1 yA by photoemission from GaAs. Optical properties
of the beam permit focussing to a spot size of about
2 mm diameter at one metre. Services have been installed
for the recently arrived krypton ion laser and acceptance
tests are about to begin. Photoemission efficiencies
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obtained to date from the GaAs should permit beams of about
1 mA to be obtained using this new high power laser
(>1 watt at 752 nm).

Detailed design work has begun on the target assembly
including the thin Ta bremsstrahlung radiator and D2O
target.

3.17 Deuterated Polyethylene Target Holders for (n,y) Studies

M.A. Lone with J.L. Gallant (Nuclear Physics Branch)

A technique was developed for fabrication of thin,
deuterated polyethylene, leak-proof bags to be used as
target holders for (n,y) studies. Typical weight of a 10 cm^
volume bag is about 50 mg and the neutron radiative capture
probability per unit thermal neutron flux is only 2.2 x10-5.

Deuterated polyethylene target holders of the
required size and shape are directly prepared on a highly
polished brass form from a solution of deuterated poly-
ethylene which is dissolved in deuterated xylene. Typically,
five grams of polyethylene (CD2«CD2) are dissolved in 80 mL
of deuterated xylene; the concentration determines the
thickness of the target holder. Dissolution is done in a
pyrex container heated externally by a contour heating tape,
the temperature of the polyethylene solution being main-
tained just below its boiling point (~125°C). The highly
polished tapered brass rod, rounded at one end, is heated
to 80°C, inserted into the hot polyethylene solution, and
then slowly removed. When the grayish polyethylene film
coating is heated slowly with a hot air gun, the film re-
polymerizes and becomes colourless. The bag is then removed
from the form.

3.18 Production of High Energy Neutrons from Thermal Neutron
Capture in Li and B Compounds

M.A. Lone and W.M. Inglis, with D.C. Santry (Solid State
Science Branch)

Production of fast neutrons from capture of thermal
neutrons in various compounds of Li and B is measured and
calculated. For several of the Li compounds the fast
neutron yield per thermal neutron is found to be greater
than 80 x 10~6, whereas for the B compounds it is less than
10~6. Enriched "Li compounds produce on the average a factor
of two lower yield of fast neutrons than compounds of Li.
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The fast neutron yields from commonly used compounds,
e.g, LiH, Liw, etc., are high enough to cause serious
radiation damage to a nearby unshielded Ge y~ray detector.
For example, a 6LiF beam bump at an external thermal neutron
facility with a 4 cm diameter beam and a flux of
108 n-cnT^s"1 will produce -1.3 * 105 fast neutrons per
second. Assuming that only 1% of these fast neutrons reach
a nearby Ge y~ray detector it will receive a dose of
4 x IQIO neutrons per annum. This is enough to damage a
typical Ge detector.

3.19 Characteristics of Neutrons from Be Targets Bombarded with
Proton, Deuteron and Alpha Particles

M.A. Lone with A.J. Ferguson (Nuclear Physics Branch) and
B.C. Robertson (Queen's University)

Thick and thin-target yields and average energies
of neutrons from bombardment of Be with protons, deuterons
and alphas are investigated. Data from our own measurement
(E<j and E p i 23 MeV and E a < 30 MeV) and a survey of the
literature are used to cover the energy range up to 50 MeV
for protons and deuterons and up to 30 MeV for alpha
particles. The minimum projectile energy and current
needed to satisfy the requirements of neutron sources for
cancer therapy are determined.

For thick targets and proton energies <50 MeV the
average neutron energy and the yield of neutrons with
energies above 2 MeV, emitted at 0° from the Be+p reaction,
can be estimated from the following empirical expressions:

E n = 0.47 E - 2.2

I = 1.6 x 1013 E 2' 2 (n.sr"1.s~1.A"1)n p

where E and E are in MeV.

Similarly for deuteron energies between 10 and 50 MeV,
the average neutron energy and the yield of neutrons with
energies above 2 MeV emitted from the Be+d reaction at 0° with
thick targets can be estimated from the empirical expressions:

E n = 0.37 E d + 0.4

I = 3.4 x 10 1 3 E 2* 5 (n.sr~1-s~1.A"1)

where I and E . are in MeV.
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For alpha-induced reactions the neutron yield and
the average neutron energies at comparable projectile
energy are much lower than for the proton- and the
deuteron-induced reactions.

For cancer therapy the neutron source requirements
of average neutron energy >10 MeV and dose rate at 125 cm
of >0.2 Gy-min~l (20 rad-min"!) can be met by the parameters
given in Table 3,19.1.

Table 3.19.1

Reaction parameters to provide neutron beams with E n £ 10 MeV
and dose of £0.2 Gy-min"1 at 125 cm.

Projectile Energy(MeV) Current Target & thickness Remarks
I (y A) in units of pro-

jectile energy loss

Deuteron E, > 25 10 Be or Li (thick)

Proton

Proton

E p ;> 23 200 Li (5 MeV)

E p > 30 20 Be or Li (thick)

may need
filters
to reduce
low energy
neutron
component

3.20 N4 - External Thermal Neutron Beam

M.A. Lone and W.M. Inglis

Following the realization of fast neutron production
from capture of thermal neutrons in LiF (PR-P-125:3.IS,
AECL-6956) the final collimators and the target tube have
been redesigned. The new tube has been fabricated and its
installation is in progress.

The modification of the target tube has resulted in
delay in the installation of the pair spectrometer and the
Total Energy Detector System. Electronics for the spectro-
meter are in hand but have yet to be tested.
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91 92
Measurements of the y~rays from the Zr(n,y) Zr

reaction have been completed (PR-P-124:3.24, AECL-6 788).
A total of 381 transitions in 9 2 z r have been identified.

3.21 Reactor Beam-Hole Use

G. Dolling and H.F. Nieman

The McMaster and Guelph University spectrometers
were shut down for the period, and the C2 fast-neutron
chopper shutdown continued. Utilization at the other
occupied beam holes was as follows:

Beam Hole

Cl

C4

C5*

L3

N4*

N5

No. of
Experiments

2

3

1

3

2

3

No. of
Participating

CRNL
scientists

1

2

2

4

1

5

No. of
Participating

non-CRNL
scientists

2

0

1

1

0

3

Efficiency
(% of available

reactor operating
time used for
experiments)

95

93

18

98

67

97

Total reactor operating time was 78.0 days.

*The C5 spectrometer has been shut down since 80-01-16
for extensive modifications. The N4 spectrometer was shut
down on 80-03-03 for modifications to the target tube.

3.22 Status of Equipment Construction

G. Dolling

The scheduled shutdown of the C5 triple-axis
spectrometer for extensive modifications began in January.
Major mechanical changes, being supervised by W. McAlpin,
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include a new specimen table and analysing spectrometer.
These changes are now virtually complete; installation
and commissioning of the new PDP-11/34 computer control
system will begin during the next quarter.

3.23 Purification and Characterization of CdTe

H. Schmeing, L. Milani, R.J. Toone, W.F. Slater and
J.G.V. Taylor

A 6 00 kHz RF Generator with 12 kW output capacity
has been installed for synthesis, zone refining, and
possible eventual crystal growth of high purity CdTe.
RF heating is commonly used in the production of Si and
Ge semiconductor devices since the rf coil is held at room
temperature and the charge is heated directly, thus
minimizing the chance of contamination through the con-
tainer walls. In contrast, even at temperatures above
1000°C, CdTe cannot be directly rf heated due to its low
conductivity. Consequently a furnace has been built
consisting of a graphite cylinder, within a nitrogen-
filled quartz tube, which is rf heated and in turn heats
the CdTe charge by radiation.

Although this method is not new, the combination
of proven purification by zone refining and new materials
like ultrapure graphite merits a reevaluation. Material
purification in this system has begun.

We intend to characterize the material before and
after purification using a newly installed Zeeman Effect
AA spectrophotometer (PR-P-124:3.31, AECL-6788).

3.24 Ge Detector Systems

R.J. Toone

A detector-cryostat system for Reactor Control
Branch has been constructed, assembled, tested and
delivered. The backshielded detector is high-purity Ge,
about 4 cm2 area by 11 mm thick. The resolution was
2.3 keV at 1333 keV and the LN2 consumption ~1 L.d"1.
A Ge detector cryostat was repaired and repumped for
General Chemistry Branch. A commercial detector-cryostat
system was tested for Section II after repair by the
manufacturer.
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3.25 Ion-Chamber Sample Changer

J.G.V. Taylor, B.C. Spenceley, W.F. Slater and L. Milani,
with J.S. Merritt and L.V. Smith (Nuclear Physics Branch)

The ion-chamber sample changer has been finished.
It was completely assembled and tested in the Bldg. 116
machine shop, then dismantled and reassembled together with
the lead shielding for the ion chambers in its permanent
location in the Radioisotope Standardization laboratory in
Bldg. 114. The compact, well-shielded design was achieved
by limiting the magazine to 20 sample positions, a number
quite adequate for the routine work of the laboratory.
The samples, in flame-sealed glass ampoules in special
polycarbonate holders, are located on a 16.5 cm diameter
circle on a turntable and are separated from the 18 cm
diameter ion chamber by a 20 cm diameter, 25 cm thick lead
shield. The computer-selected sample is brought into the
breech by rotation of the turntable, pushed to the centre
of the table, and lowered through a 2.5 cm diameter hole
in the shield into the re-entrant well of the ion chamber.
The combined geometry and shielding were designed to give
an attenuation factor of 107 for 60co gamma rays (neglecting
dose build-up in the shielding); i.e., the response of the
chamber to a 60co source in the magazine should be 10~7

of the response to the same source in the measurement
position. If the dose build-up factor for 60Co is
(pessimistically) taken to be 5 and the magazine is filled
with 20 60co samples of equal activity, the apparent
fractional increase in activity of any sample would be 10"^
over the value measured with the magazine empty. 74 MBq
of 60co in the magazine should increase the ion-chamber
background current by <5%. Thus any reasonable distribution
of sample activities in the magazine should have a
negligible effect on the measurements. The magazine is
surrounded by 2.5 cm of lead and covered by 2 cm of lead.
The changer can be rolled into position above either of
two ion-chamber castles. When it is above the second
chamber, the first is accessible for changing liners
(PR-P-118:3.18, AECL-6216) or servicing and vice versa.

3.26 Interfacing the Ion-Chamber Sample Changer to SUCCESS

W.F. Slater and J.G.V. Taylor

Prior commitments prevented Electronic Systems
Branch from designing any new hardware or software to
interface a second sample changer to the SUCCESS system
in the Radioisotope Standardization laboratory. This
imposed two constraints on system design. The new
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changer had to appear electrically identical to the existing
4TT£3~Y coincidence sample changer and the ion-chamber data
had to be converted to a form that could be read into the
coincidence system's sealers. The first constraint was met
by having sample selection by a stepping motor coupled tc a
shaft-angle encoder, sample transfer by reversible AC motors,
and sample-position sensing by limit switches. Ion-chamber
currents are measured by a vibrating-reed electrometer (VRE)
operated as a feedback-type current integrator; the VRE
output is read by a digital voltmeter (DVM) with a binary-
coded decimal (BCD) output. A NIM control unit has been
designed and built containing circuits to operate the
integrator reed relay and VRE shorting switches and to con-
vert the BCD output of the DVM to a train of pulses equal in
number to the DVM reading, all under either manual or
computer control. A modified version of the SPARC 8-18
COINCIDENCE program (EB-5710) has been prepared to provide
for each ion-chamber measurement the following sequence of
events: short VRE, open VRE, read DVM, start integration,
stop integration, read DVM, record data. The DVM readings
are stored in two sealers. The program ELIPS (EB-5711) is
used without modification to set the measurement parameters
just as for coincidence counting.

Connections to the new sample changer were made
identical to those of the existing one to allow changeover
from one to the other by switching cables. Subsequently
Electronic Systems Branch suggested multiplexing the changer
controls in the interest of SUCCESS reliability. This has
delayed routine operation of the new sample changer under
computer control until the required control units and
cables can be supplied by EI&P Branch.

3.27 Miscellaneous Services

M.A. Gulick

Thirteen ion gauges were repaired or rebuilt for
NRX Reactor Branch (Van de Graaff Operations).

Enough BP-24 counters have been completed to meet
predicted replacement needs for several years. A modified
CFIS-4 counter has been fitted with anode wires for
Nuclear Physics Branch. Six FB-2 windows have been sent
to WNRE.
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3.2 8 Glassblowing Services

J.G. Wesanko and M.A. Gulick

A large water-cooled column (1.7 m long * 75 mm I.D.)
has been constructed for catalyst activity studies and
water-flow visualization in Physical Chemistry Branch.
Modifications have been made to commercially acquired glass
apparatus used by Chemical Operations Branch for the ex-
traction of 99M O. A bell jar 40 cm in diameter was
shortened for Fuel Engineering Branch by cutting a 20 cm
section from the middle and rejoining the two pieces. Four
quartz hydrogen-burning systems with modified container
vessels used to study vapour-phase hydrogen-water exchange
were built for Physical Chemistry Branch.

3.29 Machine Shop Services

A.H. Hewitt, H.C. Spenceley and K.H. Whitlock

Nuclear Physics Branch jobs, principally equipment
for experiments at the on-line isotope separator, took 35%
of the Bldg. 116 shop time. Most of the remaining 6 5% was
spent on the construction and assembly of the ion-chamber
sample changer (PR-P-125:3.25, AECL-6956).

Building 459 shop work included completion of a
remotely controlled internal goniometer for the super-
conducting magnet cryostat (PR-P-125:3.10, AECL-6956),
a heater assembly for a cryostat for use in positron
annihilation experiments, and assorted small jobs for
Mathematics and Computation Branch and for University of
Toronto personnel. A small motorized triple-axis goniometer
is under construction for use in the initial alignment of
crystals. Completion is expected during 1980.

3.30 The Momentum Distribution and Condensate Fraction in
Liquid 4 H e

E.C. Svensson with V.F. Sears (Theoretical Physics Branch)

See PR-P-125:4.3; AECL-6956.

3.31 Branching Ratio in the Beta-Decay of Na

H. Schmeing et al.

See PR-P-125:2.17; AECL-6956.
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3.32 Isotope Separator Operation and Development

H. Schmeing et al.

See PR-P-125:2.21; AECL-6956.

3.33 The T = 3/2 Series of Beta-Delayed Proton Precursors

H. Schmeing et al.

See PR-P-125:2.19; AECL-6956.

3.34 Precision Mass Measurements

H. Schmeing et al.

See PR-P-125:2.20; AECL-6956.

3.35 On-Line Tests of New Targets for the Isotope Separator

H. Schmeing et al.

See PR-P-125.-2.22; AECL-6956.

3.36 A 4TT Proportional Counter for use with the Isotope Separator

H. Schmeing et al.

See PR-P-125:2.23; AECL-6956.

3.37 Parity-Violating Alpha Width of the 3.56 MeV State of 6Li

E.D. Earle et al.

See PR-P-125:2.2; AECL-6956.

21
3.38 Parity Mixing in Ne; Test of the Weinberg-Salam Model

of the Electroweak Interaction

E.D. Earle et al.

See PR-P-125:2.3* AECL-6956.



- 65 -

3.39 Publications and Lectures

Publications

ANHARMONIC PHONON RESPONSE IN ALUMINUM: A NEUTRON-SCATTERING
TEST OF COMPUTER-SIMULATION CALCULATIONS
W.J.L. Buyers, G. Dolling, G. Jacucci, M.L. Klein and
H.R. Glyde
Phys. Rev. B 20_ (1979) 4859
Atomic Energy of Canada Limited publication AECL-6666

STRUCTURE DETERMINATION OF LixTiS2 BY NEUTRON DIFFRACTION
J.R. Dahn, W.R. McKinnon, R.R. Haering, W.J.L. Buyers and
B.M. Powell
Can. J. Phys. _58 (1980) 207
Atomic Energy of Canada Limited publication AECL-6903

PAIR CORRELATIONS AND THE CONDENSATE FRACTION IN SUPFRFLUID 4He
V.F. Sears and E.C. Svensson
Phys. Rev. Lett. £3 (1979) 2009
Atomic Energy of Canada Limited publication AECL-6736

Lectures

NEUTRON SCATTERING STUDIES OF ORIENTATIONAL DISORDER
B.M. Powell
Gordon Conference on "Orientational Disorder in Crystals",
Santa Barbara, California
January 14-18, 1980

PAIR CORRELATIONS AND THE CONDENSATE FRACTION IN SUPERFLUID 4He
V.F. Sears and E.C. Svensson
International Symposium on Fundamentals of Quantum Statistics
and Quantum Theory, particularly Density Motion Formalism,
Palm Coast, Florida
March 17-20, 1980

NEUTRON YIELDS FROM PROTON, DEUTERON, AND ALPHA BOMBARDMENT
OF BERYLLIUM
M.A. Lone and B.C. Robertson
Consultants Meeting on Neutron Source Properties (IAEA),
Debrecen, Hungary
March 17-21, 1980
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RECENT PARITY VIOLATING MEASUREMENTS IN LOW ENERGY
NUCLEAR PHYSICS
E.D. Earle
Eastern Regional Nuclear Physics Conference,
Toronto, Ontario
March 28-29, 1980

HIGH-RESOLUTION PHOTOFISSION USING A BREMSSTRAHLUNG
MONOCHROMATOR
B.O. Pich.- S. Yen, T.E. Drake, J.W. Knowles, R. Gulbranson
and L. Cardman
Eastern Regional Nuclear Physics Conference,
Toronto, Ontario
March 28-29, 1980

The lectures listed above may not be available in print.
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4.1 Staff

4.2 Reaction and Neutron-Leakage Rates for Large Thorium-
and Uranium-Metal Assemblies Surrounding DT Neutron
Sources
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4.1 Staff

Branch Head:

M.
F.C.
S.A.
H.C.
V.P.
I.S.

G.E. Lee-

Harvey
Khanna
Kushneriuk
Lee
Sears
Towner

K.B. Winterbon

Visitors

M.G. Vassanji (1)

Secretarial Staff

M.E. Carey

(1) NRC Post-Doctoral Fellow; from the Univ. of Pennsylvania;
arrived 1978 September 18
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4.2 Reaction and Neutron-Leakage Rates for Large Thorium- and
Uranium-Metal Assemblies Surrounding DT Neutron Sources

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

ANISN and MORSE Monte Carlo neutronic calcula-
tions have been made of the spatial variation of neutron
threshold, fission and capture reaction rates and the overall
neutron balance (i.e. neutron production, absorption and leak-
age) in the Shieff et al. (H.E.J. Shieff, H. Goodfellow,
J. Gray, M.L. Mullender and J.W. Weale, AWRE 0 20/77) large
thorium-metal assembly, in the presence of a centrally located
14 MeV neutron source. The calculated results pertaining to
232Th neutron interactions (i.e. (n,3n), (n,2n), (n,f) and
(n,y))f based on ENDF/B-IV neutron cross-section data for232Th,
agree well with the Shieff et al. measurements related to these
interactions. Satisfactory agreement is also obtained with
regard to 63Cu(n,2n), 23<tU(n,f) and other reactions.

Calculations of a similar type were also made,
for the Weale et al. uranium-metal assembly (PR-P-110:4.2
(AECL-5546)). Calculations made previously on this assembly
did not take the 238U(n,3n) interaction into account; it was
therefore desirable to repeat and extend the calculations„

4
4.3 The Momentum Distribution and Condensate Fraction in Liquid He

V.F. Sears, with E.C. Svensson (NSSP Branch)

The analysis of the neutron-inelastic-scattering
measurements, which was begun in the previous quarter (PR-P-
124:4.6 (AECL-6788)), has now been completed. In particular,
the momentum-distribution function n (p) has been determined at
each of the four temperatures studied: 1.00, 2.12, 2.27, and
4.27 K. We find that n(p) shows no significant change between
4.27 and 2.27 K but that, as the temperature is decreased below
the lambda point (T^ = 2.17 K), there is an enhancement in
n(p) at small p which we attribute to the effect of the Bose-
Einstein condensation.

The intrinsic momentum-distribution function is
of the form

n(p) = nQ6(p) + n
1 (p) ,

where n0 is the condensate fraction and n
1(p) the contribution

of the uncondensed atoms. The observed condensate peak is not
a delta function but has a finite width due to the combined
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affects of final-state interactions and instrumental resolu-
tion. The observed width agrees with that calculated from
the He-He scattering cross section, which is determined by
atomic-beam measurements.

In determining no from the observed temperature
variation of n(p) we have taken into account two effects which
were ignored in earlier work (Woods and Sears, Phys. Rev. Lett.
_3j9 (1977) 415) , namely, the depletion of n'(p) due to the Bose-
Einstein condensation and the effect of the p~2 singularity in
n1(p) at small p. As a result, the value of no at 1.1 K, which
was found to be 0.069 ± 0.008 in the above reference, is now
increased to 0.105 ± 0.026. The values of n0 obtained from our
new neutron-scattering measurements at 1.0 0 and 2.12 K are
0.145 ± 0.033 and 0.007 ± 0.015 respectively. These values are
in good agreement with those obtained from the observed temper-
ature variation of the pair-correlation function (Sears and
Svensson, Phys. Rev. Lett. 42(1979)2009) and from theoretical
calculations at T = 0.

4.4 Penetration of Heavy Ions in Solids

K.B. Winterbon

Work on correlations in collision cascades
(PR-P-124:4.7 (AECL-6788)) has continued. Programs have been
written to calculate moments of the distribution of the dis-
tance between pairs of vacancies in a collision cascade, both
in the path-length approximation and including angular deflec-
tions. The equations are complicated, containing products of
vacancy distributions as inhomogeneities, and so are difficult
to study analytically. In particular, the analytic form of the
distribution at zero separation has not been determined, although a
rather rough argument indicates that the distribution remains
finite. Successive approximants to the distribution, obtained
from the moments, are slow to converge because the distribu-
tion, although apparently finite at the origin, is sharply
peaked there.

In an attempt to avoid the difficulty with poor
convergence of approximants, it was decided to make a serious
attempt at solving implantation-distribution equations (in
the path-length approximation) directly, i.e. without calcula-
ting moments. This was made to work reasonably well for homo-
geneous equations (range distribution, equal-mass damage and
ionization distributions) but the inhomogeneous distributions
are too sensitive to initial conditions for the method to be
practicable.
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4,5 Quark and Gluon Electric Charges

M. Harvey

The conventional hadronic quark model assumes
that quarks have fractional electric charge of 2/3 or -1/3
depending on the flavour (u, d, c, s, • • • ) - but not on the
colour (r, y or b). In this model the gluon (i.e. the quan-
tum of the strong SU3 (colour) gauge interaction) is charge-
less. Quark models can be constructed however in which the
electric charge on a quark also depends on its colour: here
it is only the average charge on a flavoured quark (averaged
over the three colours) which has the familiar fractional
values. In these latter models some of the gluons necessarily
must be charged. We have examined the structure of the
Uj x SU2 x SU3(colour) gauge symmetric Lagrangian to show how
interactions of gluons with the electromagnetic field depend
on the assumed charges on the quarks. We are trying to prove
that the R-ratio of hadron production to ^-production in e+-e~
reactions is independent of model and hence cannot be used to
determine the charge on a quark as currently proposed.

4.6 Radiative Corrections in High-Energy Electron Scattering on
Nucleons

M. Harvey

A study is being made of radiative corrections
that have to be made in high-energy electron scattering in
order to be able to extract any information on the interaction
of photons with nuclear matter. The work is being done in
collaboration with M.K. Sundaresan and P. Watson of Carleton
University and is part of the study of the feasibility of
adding a Canadian electron machine to the Proton Fermilab
accelerator to perform e-p scattering experiments at 200 GeV
centre-of-mass energy.

4.7 Contributions to the Deuteron Quadrupole Moment

M.G. Vassanji, I.S. Towner and F.C. Khanna

Deuteron wavefunctions for the one-boson-exchange
nucleon-nucleon interaction, obtained previously and uaed to
calculate the deuteron magnetic moment (see PR-P-124:4.12
(AECL-6788)), have now been used to calculate contributions to
the quadrupole moment. The calculation is analogous to that
of the magnetic moment; the corrections to the impulse approx-
imation values have been calculated (as before) as functions
of the two phenomenological parameters, the cut-off length (XQ)
and the coupling constant (9ONN) °^ ^he o-boson. It is found
that the quadrupole moment (QD) is much more sensitive than the
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magnetic moment (pD) to the values of these parameters. The
values of QD obtained with the parameters used so far are
close to the experimental value, but tend to be smaller.
This work is being prepared for publication.

4.8 Contribution of Galilean-non-Invariant Exchange-Current
Operator to the Reaction n*+aHe •» **He + y

F. Khanna and I.S. Towner

It is well-known that the two-particle meson-
exchange-current operator has a part that is Galilean non-
invariant. Such an operator has non-zero matrix elements
between: a) the D-state component of the 3He wavefunction and
the S-state component of ''He, and b) the S-state component
of the 3He wavefunction and the D-state component of "*He.
The contribution to the total radiative neutron-capture cross-
section resulting from these matrix elements is being calculated.

4.9 Hyperfine-Interaction Studies in Nuclear Physics

I.S. Towner with 0. Hausser (Nuclear Physics Branch)

(See PR-P-125:2.13 (AECL-6956).

4.10 The Hadronic Decay of Charmed Mesons

H.C. Lee

The hadronic decay of charmed particles is of
interest because it is a new addition to a very limited set
of processes which allow the weak interaction between strongly
interacting particles (or hadrons) to be studied (see PR-P-
124:4.15 (AECL-6788)). The other such processes are the
hadronic decay of strange particles (PR-P-124:4.14, ibid.)
and parity violation in the nucleus and in nucleon collisions.

Recent experimental data on the decay of charmed
mesons D°, D+ and F+ have already revealed some surprising
results: contrary to early theoretical speculations, the
branching ratio for the Cabibbo-suppressed mode D° ->• K~K+ is
much greater than that for D° -»• TT~TK, the_partial widths for
the Cabibbo favoured modes D° -> K~TT+ and K°ir° are almost equal
and the lifetimes for D° and D+ appear to be very different.
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We have shown that all available two-body decay-
data can be understood in terms of the valence-quark model
provided that the enhancement of the SU(4)-antisymmetric weak
interaction is as strong as in the decay of the strange par-
ticles and that flavour SU(3) symmetry is allov/ed to be broken
by the physical meson masses. Aside from an overall form
factor, which should be of order unity, the model contains two
parameters which characterize all decays of the charmed mesons
into two pseudoscalar particles.

4.11 In Search of Higgs Particles and W-Bosons

H.C. Lee and J. Ng (TRIUMF)

Although the SU(2) * U(l) model of Weinberg,
Salam and Glashow for a unified theory of electroweak inter-
action has survived many crucial experimental tests and is
now widely believed to be at least a part of the correct model,
one of the most fundamental assumptions in the model has not
been tested:- that there exists at least one scalar particle,
called the Higgs particle (X) the main function of which is to
allow the vector (W) bosons to acquire their masses. i'he
mass of the Higgs particle, Mv, is a free parameter in the
model, but My is generally believed to be of the order of
100 GeV.

One way to test the existence of X is to try to
produce it in the laboratory. This requires colliding beams
with center-of-mass energy not less than My. Such a facility
should also produce W-bosons, the masses of which are expec-
ted to lie between 80 and 90 GeV.

Another way in which the properties of X and W
can be inferred is to study second order weak processes involv-
ing one-loop Feynman diagrams.. Suc_h processes include some
rare decays such as K+ •*• TT+yv, IT VV and \i ->• ey and may also
have some bearing on the as yet unexplained measurement by
Lobashov (Nucl. Phys. A197(1972)241 ) of the circular polariza-
tion of the photon produced in the reaction n + p + d +
We have initiated a theoretical study of this topic.
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4.12 Auto Resonant Accelerator

G.E. Lee-Whiting

The preliminary result indicated by the calcu-
lations reported earlier (PR-P-123:4.12 (AECL-6680)) has not
been confirmed. A more detailed study has now shown that it
is never possible to find an arrangement in which a single
axially symmetric mode propagates in the beam-loaded wave-
guide. Indeed, at any excitation frequency an infinity of
such modes exists. No plausible means of exciting a single
member of the set has been discovered.

Even if the fundamental mode of the system could
be excited alone, other difficulties would cast doubt on the
feasibility of the autoresonant accelerator. The radial elec-
tric field at the wave-guide surface (measured in the labora-
tory frame) is much larger than the axial field, at least for
the parameters studied so far. Thus the accelerating force
would be severely limited by electrical break-down.
The azimuthal magnetic field is similarly large, leading to
unexpectedly large dissipative losses on the guide surface.

4.13 Diffuse Scattering from B-Nitrogen

B.M. Powell, G. Dolling, V.F. Sears, and H.F. Nieman (NSSP Branch)

See PR-P-125:3.3 (AECL-6956).

4.14 Reports, Publications, and Lectures

Reports

THE STATIC STRUCTURE FACTOR AND PAIR CORRELATION FUNCTION
FOR LIQUID "He AT SATURATED VAPOUR PRESSURE
V.F. Sears, E.C. Svensson, A.D.B. Woods and P. Martel
AECL-6779, November, 1979

REACTION AND NEUTRON LEAKAGE RATES FOR A LARGE THORIUM METAL
ASSEMBLY SURROUNDING A DT NEUTRON SOURCE
S.A. Kushneriuk and P.Y. Wong
AECL-6882, February, 1980
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Publications

PRESSURE DEPENDENCE OF ELEMENTARY EXCITATIONS IN NORMAL
LIQUID 3He
H.R. Glyde and F.C. Khanna
Can. J. Phys. 58(1980)343

PAIR CORRELATIONS AND THE CONDENSATE FRACTION IN SUPERFLUID **He
V.F. Sears and E.C. Svensson
Phys. Rev. Lett. 43 (1979)2009

Lectures

MESON-EXCHANGE CURRENTS IN NUCLEI
I.S. Towner
given at Eastern Regional Nuclear Physics Conference, Univ.
of Toronto, 1980 March 28-29

CONTRIBUTIONS TO THE DEUTERON MAGNETIC AND QUADRUPOLE MOMENTS
M.G. Vassanji
given at Triumf, Univ. of B.C., Vancouver, 1980 February 5

APPLICATION OF A TRIAXIALLY CRANKED SHAPE-CONSISTENT OSCILLATOR
MODEL TO 2hMg
M.G. Vassanji and M. Harvey
given at Int. Conf. on Band Structure and Nuclear Dynamics,
Tulane Univ., New Orleans, 1980 Feb. 28 - H!arch 1

PRESSURE DEPENDENCE OF ELEMENTARY EXCITATIONS IN NORMAL LIQUID 3He
H.R. Glyde and F.C. Khanna
given at General Meeting of the APS, New York, 1980 March 24-28

PAIR CORRELATIONS AND THE CONDENSATE FRACTION IN SUPERFLUID "He
V.F. Sears and E.C. Svensson
given at Int. Symp. on Fundamentals of Quantum Statistics and
Quantum Theory, particularly Density Matrix Formalism, Palm
Coast, Florida, 1980 March 17-20

THE CONTRIBUTION TO THE NUCLEON-NUCLEON INTERACTION FROM
THE COLOR-FORCES BETWEEN CONSTITUENT QUARKS
M. Harvey
given at Carleton University, Ottawa, 1980 February 4

THE CRANKING MODEL
M.S. Vassanji
given at the Univ. of Toronto, 1980 March 2 0

PANEL ON SCIENCE - HIGH SCHOOL TEACHERS SEMINAR
M. Harvey
Chalk River Nuclear Laboratories, 1980 March 28-29

The lectures above may not be available in print.
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MATHEMATICS AND COMPUTATION BRANCH

D. McPherson

5.1 Staff

5.2 CDC 6600/CYBER 170 System

5.3 CDC 3300 System

5.4 PDP-10 System

5.5 Tandem - SCC Computer-aided Control System

5.6 Spectrometer Control Programs

5.7 Transient Response of a Microphone to a Laser-

Generated Sound Pulse

5.8 Streamline Plotting Subroutine

5.9 Simulation and Differential Equations

5.10 Stress Analysis Packages

5.11 Information Handling Programs

5.12 Data Reduction and Analysis

5.13 The AMPX Cross Section Processing System

5.14 Reaction and Neutron Leakage Rates for Large

Thorium and Uranium Metal Assemblies Surrounding

DT Neutron Sources

5.15 Miscellaneous Programs and Subroutines

5.16 Exchange of Information on Magnetic Tapes

5.17 Operations

5.18 Publications, Reports and Lectures
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5.1 staff

Branch Head: D. McPherson

Section I: Systems

Head:
D. McPherson

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

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

••

Section II: Operations

Head:
B.B. Ostrom

Operations Supervisor:
P. McGandy

Operator Supervisor:
A.A. Laroche

Computer Operators:
K.M. Bjarbo
K.J. Brown
M.A. Chapman
M.E. Edwards
S.E. Gardner
C M . Hepburn
M.A. MacDonald
C.P. Mielke
S.A. Moeller
M.R. Park

(1)

(2)

(3)
(4)
(5)

Services and Applications

Head:
J.M. Blair

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

Programmer/Analysts:
L.E. Evans (6)
C.A. Wills
P.Y. Wong

Programmers:
M.T. Boulanger
K.D. Clark
G.L. Klawitter
E.G. Long
D.G. Stewart

Section IV: Special Systems

Head:
G.N. Williams

Programmer/Analysts:
J.A. Edgecombe •
L.D. Hansen

Programmer:
P.J. Bumbulis (7)

Secretarial Staff

K.F. Barnard

(1) Terminated 1980 January 4.
(2) Joined branch 1980 January 7.
(3) Transferred from Operations Division 1979 November 5.
(4) Joined branch 1980 January 3.
(5) Transferred to Finance Division 1980 January 15.
(6) Attached half time from Office of the Director of

Research.
(7) Waterloo student, joined branch 1980 January 2.
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5.2 CDC 6600/CYBER 170 System

5.2.1 Operating System

D. McPherson, C.J. Tanner and W.J. Irving
(Control Data Canada, Ltd.)

Only minor changes were made to the operating
system during the quarter, the principal activity being
the testing and incorporation of CDC corrections of most
of the outstanding operating system errors. Only two
faults rated as serious remain.

5.2.2 Communication with 3300

D. McPherson and J.F. Steljes

A new display has been added to the terminal
repertoire. The new feature allows both RJE and inter-
active terminals to display, for an executing job, the
last few job dayfile messages and the current total of
resources used.

5.2.3 Subroutine Libraries

5.2.3.1 AELIB Library

L.E. Evans and G.L. Klawitter

During the quarter several minor problems in
AELIB routines were corrected, FORTRAN-callable CYBER
Control Language manipulation routines were made avail-
able and detailed preparations were started for a major
AELIB change and manual update.

Included in this change will be substantial
improvements in the portability of AELIB code via the
introduction of external versions of the AELIB utilities
(Chapter 2-5 of the AELIB Users' Manual) that now use
internal CRNL system features.

5.2.3.2 IMSL Library

L.E. Evans and G.L. Klawitter

On 1980 January 21, IMSL Version 7 was in-
stalled as the default IMSL Library and the AELIB
routines PRFIT and POLREG were changed to call IMSL
routine RLSTP instead of RLSTEP.
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5.2.4 Graphics Support

G.N. Williams and P.J. Bumbulis

The new device-independent graphics viewing
system, GRVIEW, is ready for general release.

The system allows a user to view, on any
supported graphics terminal, displays of drawings
produced by his program. He can create displays con-
sisting of portions of the original drawings, and can
make a copy of any display on any other supported
device, typically a hard-copy plotter.

The GRVIEW system makes extensive use of new
features in the system, particularly CYBER Control
Language procedures, and Interactive Procedures which
use the recently developed Interactive Procedure Lan-
guage IPL.

A more streamlined version of the graphics
data base supporting this application, is being worked
on. Initial tests have shown that this new file
organization should cut processing time in half.

5.2.5 Utility Programs

5.2.5.1 New Version of Consultants' Program HUNT

E.A. Okazaki and D. McPherson

The HUNT program, which searches through the
system dayfile for entries for selected jobs has been
rewritten. The new version, as well as being faster,
allows start and/or stop times for the search to be
specified. An interactive program has been provided
for setting up HUNT from a keyboard terminal.

5.2.5.2 COPYP1

E.G. Long

COPYP1 has been modified to eliminate all
trailing blanks on each line of a P1FILE. Formerly
COPYP1 would force each line to contain an even number
of characters by adding an extra blank where necessary.
Unfortunately, adding an extra character changes the
meaning of certain codes in IPL (Interactive Procedure
Language) programs. The changes to C0PYP1 will permit
IPL programs to be kept on cards.
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5.3 CDC 3300 System

5.3.1 Interactive Procedure Files

J.F. Steljes

A number of improvements have been made to the
interpreter which executes interactive procedure files
(formerly called "P2" files). The improvements remove
a number of inconsistencies and ambiguities in the pro-
gramming language, and provide new features including
indexing, an indirect "GOTO" construct, and a command to
display the contents of any register.

5.3.2 Public Interactive Procedure Files

J.F. Steljes and E.A. Okazaki

A new method of accessing files in the inter-
active file set has been implemented specifically for
interactive procedure files. In the normal access method,
a file is accessible from only one terminal, and that
terminal has permission to purge or change the file. A
requirement for interactive procedure files is that read-
only access from more than one terminal be possible. A
mechanism to meet this requirement has been provided.

5.3.3 Positioning Graphical Display Files

J.F. Steljes

Normal file positioning commands executed from
a display terminal clear the terminal screen before resuming
output at the new file position. An extension to the
file positioning commands provides the option of leaving
the screen unchanged, thus allowing the display of more than
one graph.

5.3.4 Additions to 3300 Utility Job Statement Parameters

E.A. Okazaki

A new parameter was added for the 3300 job
statement, REP=n for n up to 31, which allows multiple
copies of output from 3300 utility jobs to be obtained
automatically without specifying special instructions
to the operator. Also, "DC=" can now be used with the
disposition code mnemonic. Both these parameters can
now be specified in the same format as for the ROUTE
control statement.
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5.4 PDP-1Q System

J.A. Edgecombe

5.4.1 System Software

The monitor was upgraded by the addition of
both DEC corrections and local modifications.

Products added to the system from the latest
DECUS library tapes include a PASCAL language trans-
lator and a microprocessor cross-assembler. Enhance-
ments were made to the command interpreter to support
these products.

5.4.2 Graphics Terminal Support

Part of the monitor upgrade included support
for a "canonical graphics terminal", translating from
the user input to the sequence of commands needed for
each individual terminal. Supported terminals include
our two storage tube devices, the Tektronix 4010 and
the Computek 400, and the newly delivered Hewlitt-
Packard HP2770S plotter. The interface routines
formerly supporting only the Tektronix terminal were
upgraded to generate the terminal-independent output.

5.4.3 Software from External Sources

Implementation was completed on DDDT, the
product purchased from Datability to load dynamically
the system "debug" utility.

Work continues on adapting the FREEZE/THAW
product to cope with all aspects of our system. This
product also came from Datability.

5.4.4 Microprocessors

The Mikros MK-16 was delivered. This system
is being evaluated as a replacement for the PDP-1 data
acquisition system. No software has been written,
although design discussions were held regularly.

During the period, Bruce Simpson, Waterloo
Co-operative Student in Nuclear Physics Branch, worked
on the Z80 microprocessor based projects discussed in
previous reports. The UT200 emulator for communication
with the Computing Centre has been written and the
controller for the QD spectrometer is being tested.
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5.4.5 Hardware

Design work continued in preparation for
installation of the second processor and new peri-
pherals. We still await commencement of work con-
verting the tower basement into a computer room.

This quarter, as last, was troubled by hard-
ware failures. Much time was spent diagnosing and
supervising repair work on the magnetic tape and disk
subsystems, and isolating a fault in the Intel memories.

5.5 Tandem - SCC Computer-aided Control System

5.5.1 Revised IGOR Specifications

L.D. Hansen and R.L. Graham et al. (Nuclear
Physics Branch)

The specifications for the Input Gate Output
Register that is widely used in the design of the
computer control system for the MP-Tandem-superconducting
cyclotron complex has been rewritten. The revised IGOR
design will be used for all IGOR interfacing. The new
design ensures that the state of the interfaced device
need not change when power is removed from or applied
to the IGOR or when the interconnecting cable is re-
moved or connected.

5.5.2 Interface Specification for Beam Transport
Elements

L.D. Hansen

The hardware specifications to interface the
cyclotron injection dipoles, quadrupoles, steerers and
switch gear to their respective CAMAC modules have been
completed for inclusion in the specifications for the
injection beam transport elements that has been produced
by W.G. Davies, A.R. Rutledge, R.L. Graham (Nuclear
Physics Branch) and L.D. Kansen.

5.5.3 Software Re-organization

L.D. Hansen

Reorganization of the control system software
was begun. It involves renaming files and adding
new/changing old command files such that automatic
procedures for both building the control system from
the source code and backing up the source code on
magnetic tape are facilitated. The re-organization
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also involves a redesign of the mechanism used to
implement assembly-coded floating point operations that
are found in the VICKSI control system. Special hand-
ling of floating point is necessitated by differences
between the PDP11/34 as used here and the PDP11/40 as
used in the VICKSI control system.

5.5.4 Text Justification Program RUNOFF

L.D. Hansen

Errors in the RUNOFF code that is currently
used on the PDP11/34 were corrected and documentation
changes for the RUNOFF manual were noted. Further
changes are being considered that will make the code
more directly useful for the production of CRNL reports
that describe the control system software.

5.5.5 IGOR Test Program

L.D. Hansen

Modifications were made to the IGOR test
program and an IGOR test program manual has been writ-
ten. The manual will allow relatively untrained
personnel to perform routine quality control operations
for IGOR CAMAC modules and it will aid software main-
tenance of the test program.

5.5.6 Computer Aided Control System for
the Superconducting Cyclotron

L.D. Hansen et al.

See PR-P-125; 2.28; AECL-6956.

5.5.7 CAMAC Modules for the SCC Control System

L.D. Hansen et al.

See PR-P-125; 2.29; AECL-6956.

5.5.8 Emittance Measuring Device

L.D. Hansen et al.

See PR-P-125; 2.27; AECL-6956.
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5.6 Spectrometer Control Programs

G.H. Keech

Format changes have been made in the punched
tape output by N5MODES. File names have been made
uniform in SPECROL, L3MODES and N5M0DES for user con-
venience.

5.7 Transient Response of a Microphone
to a Laser-Generated Sound Pulse

W.N. Selander

Further to the study in PR-P-123; 5.6; AECL-
6680, a simplified form of the energy equation, which
lumps together the effects of diffusion and V-T relaxa-
tion, and which includes temperature dependence of the
collision frequency, has been solved to give approxi-
mate time profiles of the energy pulse at the source.
These profiles are in good agreement with those used to
obtain "best" fits to the data. The new feature of
these profiles is that they are not monotonically
decreasing, but rise, from an initial finite value, to
a maximum, and then decay exponentially. The qualita-
tive explanation is that the rate of transfer of vibra-
tional energy is initially limited by the collision
rate at ambient temperature, but then increases during
an intermediate phase as the local temperature increases;
finally a combination of diffusion and depletion of
vibrationally excited states limits the transfer rate.
An AECL report is being prepared.

5.8 Streamline Plotting Subroutine

J.M. Blair and D.G. Stewart

A FORTRAN subroutine has been written to
depict the streamlines (lines of maximum slope) on a
two-dimensional plot. Given a surface z(x,y) defined
on a rectangular grid, the subroutine draws a vector at
each grid point. The direction of the vector is the
downhill direction of the streamline, and the length is
related to the "velocity"

3Z.2 ,8z 2"|l/2

The maximum vector length is set to the minimum grid
point spacing, to avoid vector overlap, and all other
lengths are scaled downwards. Currently two scaling
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options are available: linear scaling, in which the
length is directly proportional to the velocity, and
parabolic scaling, in which zero velocity gives zero
length and the average velocity gives one half of the
maximum length. The two options will be tested on user
supplied data, to enable us to decide whether one is
superior or whether both should be o.vr.ilable.

The calling sequence for the subroutine
conforms with the calling sequence for the AELIB contour
plotting subroutine CONTOUR.

5.9 Simulation and Differential Equations

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

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

The study outlined in PR-P-122; 5.7(v), AECL-
6582, PR-P-123; 5.7(v); AECL-6680, and PR-P-124; 5.9.4;
AECL-6788, is continuing. The numerical solutions of
the coupled two-dimensional differential equations
describing the migration of vacancies and interstitials
in a biased irradiated medium have proved to be inaccurate,
due to the limitation imposed on the number of grid
points in the spatial grid. This limitation causes the
grid points to be so widely spaced that the polynomial
approximations to the derivatives are poor in the
neighbourhood of sinks. An analytical solution has
suggested a better form of approximation for a simple
case, but this form is not appropriate in general.

An analytical study of a number of uncoupled
two-dimensional problems has been undertaken, to pro-
vide a check on the numerical solutions and to provide
information on the nature of the solution in the neigh-
bourhood of a sink. If a sufficiently general form of
singularity can be found,, it will be used to modify the
finite difference formulae at the sink, and hopefully
to improve the numerical results.

A more complete description of the physics
aspects of this study is given in PR-CMa-52; 4.4.2(b),
AECL-6966.

5.9.2 MAKSIMA-CHEMIST

D.G. Stewart

An "export" version of this program was
prepared, eliminating as many of the CRNL/CDC features
as possible. Copies of the modified program have been
sent to two organizations.



- 86 -

5.10 Stress Analysis Packages

5.10.1 MARC - General

S. Baset and J.M. Blair

The new revision, H.4, was released for
general testing in 1980 January and became the pro-
duction version in 19 80 March.

5.10.2 Others - General

S. Baset

Representatives from the Engineering Company
and Mathematics and Computation Branch attended two
meetings in February to discuss other potential stress
analysis packages such as ANSYS, NASTRAN, STARDYNE and
NUPIPE. A decision has yet to be made. Also, a com-
parative study between SAPIV and SAP6 programs was
completed and sent to the Engineering Company for
consideration. The former program is available at CRNL
Computing Centre and the latter is not.

5.10.3 MARC - Consulting

S. Baset

Several involved problems continue to arise
in using MARC programs due to the diversity and com-
plexity of the subject matter. Considerable time has
been spent solving such problems. Therefore, a User
Information System will be established to help users
overcome similar problems.

5.10.4 MARC - Field Problems

S. Baset

At the request of S.Y. Ahmad of the Advanced
Engineering Branch, it was demonstrated that MARC can
be used to solve a laminar flow problem by utilizing
the analogy with the heat transfer capability in MARC.
A study to demonstrate the applicability of MARC to
other fields such as fluid mechanics, seepage flow,
electrostatics, etc., is underway.

5.10.5 TPIPE - General

S. Baset

The new version, 4.3, became the production
version in 1980 February.
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5-11 Information Handling Programs

5.11.1 Central Personnel Records System

C.J. Tanner

A new system for indicating the organiza-
tional unit to which an employee belongs has been
established. Previously a branch's account number was
used to identify the employee's organizational unit at
all sites except CRNL, which used its own branch code.
In April 1978, Finance adopted a new account code
system. This necessitated a change in the numbers used
by CPRS.

Now there ere three fields associated witn an
individual's organizational unit:

(a) Division Code - indicating an employee's 'DIVISION'.

(b) Location Code - comprises the site and branch
codes indicating the organizational unit to which
an employee belongs.

(c) Account Code - comprises the site and branch codes
under which the employee is paid.

A file has been established containing all
organizational unit codes (site code plus branch code)
in use within AECL. This file also contains the title
of the organizational unit plus a pointer to the immediate
superior organizational unit. Using these pointers,
the computer can produce an organizational chart. This
is the first step in producing the Staff List and
Organization Book directly from the CPR system.

5.11.2 Leave Recording System

C.J. Tanner

The Leave Recording System has been modified
to support the new sick leave plan that came into
effect in August 1979.

Records for all employees at the sites cur-
rently using the system contain a flag indicating the
level of the new system they elected.

The system will terminate a standard sick
leave form when normal sick leave credits are exhausted,
and switch the employee to intermediate term status,
and similarly will switch from intermediate to long-
term status as required.
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The leave recording system is currently being
tested at CRNL and Engineering Company.

5.11.3 CPRS - Terminated Employee File

M.T. Boulanger and C.J. Tanner

A number of modifications have been made to
the Terminated Employee File, including the incorpora-
tion of termination date in the primary key, the addi-
tion of badge number and employee number as secondary
keys, and the addition of a prefix to field names for
QUERY UPDATE and internal COBOL use.

5.11.4 Keyword-out-of-context (KWOC) Index Proposal

M. Boulanger and G.H. Keech

A proposal for a new keyword-out-of-context
index program has been drafted and user comments solic-
ited.

A preliminary version of the SPITBOL program
has been written and tested.

5.11.5 Heavy Water Upgrading Customers Invoicing
Program

K.D. Clark

A FORTRAN program UPGRADE was written for the
Nuclear Materials Control Branch to invoice customers
of the CRNL heavy water upgrading facility. Program
UPGRADE is to be used on a monthly basis for each
upgrading customer. In addition to the data describing
the liquid received for upgrading program UPGRADE reads
parameters which control the computation of charges. A
table is generated listing each drum of received liquid
with its upgrading charge. Also printed are a table of
upgrading charges by heavy water concentration (iso-
topic) ranges, a table of heavy water shipments per
month, and a ledger balance table for heavy water.

5.11.6 Computer Usage Accounting

M.A. Peterson

Work continued on the development of flexible
computer usage report generating programs. The program
formerly used to generate division and branch summaries
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was based on an out-dated system of branch and division
codes, and an increasing number of special-case patches
were required, for example to prepare billings for non-
CRNL users. This program has been replaced by a table-
driven system in which no organizational significance is
associated with an account code; reports for new
individual accounts and summaries for groups of accounts
can be prepared without program changes.

5.12 Data Reduction and Analysis

5.12.1 Data Processing System for Analysis
of Fuel Defect Experiments

C.A. Wills

J.J. Lipsett (Reactor Control Branch) has run
the version of SUMRT designed to analyze a powerboost
test on one set of data. The results show that the
program is working satisfactorily. A report is being
prepared giving details of the calculations implemented
in the program and containing a guide for users of the
program. When the planned modifications to the standard
versions of SUMRT and GRAAS are completed, many of the
special features in this program will no longer be
needed and it will become a part of the whole gamma ray
spectroscopy analysis package. The program is ready to
be handed over to the Reactor Control Branch so that
the other powerboost tests can be analyzed.

Several small changes have been made to the
new version of SUMRT to correct problems found by
various users. The values and plots of concentration
produced by the program are satisfactory, but the
release rates are still not behaving as expected. The
model of the X-2 loop is still under review.

5.12.2 Analysis of Tritium Release

C.A. Wills

Daily readings of tritium released through
three roof vents in Building 150 have been analyzed for
D.F. Dixon (Chalk River Environmental Authority).
Readings from two of these vents appear to follow
normal distributions when data from abnormal operations
are excluded. The third follows a log-normal distri-
bution. Work is in progress to characterize the aver-
age weekly readings.
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5.12.3 Analysis of Grain Growth in Fuel Elements

C.A. Wills and J.M. Blair

An analysis of data giving grain growth at
various temperatures over different lengths of time has
been done for I.J. Hastings (Fuel Materials Branch). A
linear regression routine was used to fit data for four
different fuels, producing two coefficients for each
fuel. A straight line fit to these four pairs of
coefficients was wanted. Methods were found in the
statistical literature for handling data with errors in
both the dependent and independent variables, but
nothing could be found dealing with the added complica-
tion of covariances. A simulation method was used to
compute the errors in the fitted coefficients for the
straight line fit. The results confirmed those pre-
viously obtained by hand calculations, but the errors
in the final coefficients are large due to having only
four points to fit.

5.12.4 Modification to Programs for
Analyzing DNA Molecular Data

G.L. Klawitter

In conjunction with the work completed for
M.C. Patterson, Radiation Biology Branch, as reported
in PR-P-124; 5.15; AECL-6788, modifications to the
paper tape reading routine DATREDS in the program SCIN
have been completed to allow the input of data from a
second BECKMAN scintillation counter. The documenta-
tion of program SCIN and a rewrite of the control card
and input card sequence description are currently in
progress.

5.14 The AMPX Cross Section Processing System

P.Y. Wong

AMPX (AMPX: A Modular Code System for Gen-
erating Coupled Multi-group Neutron-Gamma Libraries
from ENDF/B, N.M. Greene et al., ORNL/TM-3706, March
1976) is a cross-section processing system which pro-
duces muitigroup nuclear cross sections that are needed
for many neutronic calculations. The system has many
capabilities, including generation of muitigroup cross
sections (neutron, gamma, coupled neutron-gamma),
resonance self-shielding calculations, and cross sec-
tion collapsing from a fine-group to a broad-group
structure. Since its introduction in 1976, AMPX has
enjoyed a wide usage within the U.S. nuclear community.
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The AMPX system was written for IBM computers.
A complete CDC version of AMPX is not yet available,
but a subset of AMPX called MAME ( PSR-112, RSIC Code
Collection, ORNL) and an AMPX-generated multigroup
cross section library VITAMIN-C (DLC-41B, RSIC Code
Collection, ORNL) have been obtained and implemented on
the CRNL computers. The MAME system contains many
large modules of AMPX. The capability of MAME and the
use of VITAMIN-C are now being studied with a view to
improving our cross section provision capability.

5.14 Reaction and Neutron Leakage Rates for
Large Thorium and Uranium Metal Assemblies
Surrounding DT Neutron Sources

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

See PR-P-125; 4.2; AECL-6956.

5.15 Miscellaneous Programs and Subroutines

5.15.1 Random Number Generators

C.A. Wills

The report "Computer Methods for Choosing from
the Normal and Exponential Distributions" written by
K.R. Chaplin in 1979 has been revised. It is being pre-
pared for publication as an AECL report. Tne subroutine
RNORMREX described in it will be installed in the library.

5.15.2 COBRA-IV

P.Y. Wong

The FIX14 version has been received and tested,
and will become the production version on 1980 April 15.

5.15.3 Electron Diffraction Program PATTERN

G.H. Keech

The program PATTERN, which calculates electron
diffraction patterns, has been modified to correct an
error which occurs with a particular data card input
sequence.
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5.15.4 HCC-III

M.T. Boulanger

The program HCC-III, which performs heating
and cooling analyses of buildings, has been obtained
from the GENESEE Computing Centre by H. Philippi,
Design and Technical Service Branch. The program has
been modified to run on the 6600/170 system, tested and
installed.

5.15.5 DECKNAMES

G.H. Keech

A SPITBOL program, DECKNAMES, was written to
assist in UPDATE program library creations by inserting
UPDATE deck directives in the appropriate places.

5.15.6 IBMFORTRAN

G.H. Keech

IBMFORTRAN, a SNOBOL4 program to convert some
IBM FORTRAN language features into acceptable CDC
FORTRAN,was upgraded and modified to run under the more
efficient SPITBOL compiler. Typically IBMFORTRAN
handles better than 90% of the language conversion
required. It is usually more efficient to change the
less common IBM FORTRAN features by hand with UPDATE
than to attempt all possible conversions with IBMFORTRAN.

5.15.7 UNIVAC to CDC Program Conversion

D.G. Stewart

A general purpose package of FORTRAN programs
for the Mutual Information Analysis of Environmental
Data programmed for the UNIVAC computer was received
from Victor Barwell of Environmental Research to be
implemented on the CRNL system. Of the twelve routines,
six are now operational. The FORTRAN changes for five
others have been completed, but the programs not yet
tested. The remaining routine will be replaced by SPSS
(Statistical Package for the Social Sciences) which is
currently on order.
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5.16 Exchange of Information on Magnetic Tapes

K.D. Clark

A Mathematics and Computation Branch informal
document entitled "Preparation of Magnetic Tapes for
the Transfer of Programs and/or Data from CRNL to Other
Computer Installations" was prepared. It was written
primarily for the computer user intending to forward a
magnetic tape containing the source code of a program
developed at CRNL. It will also aid users in reading a
coded tape which was written at an IBM computer installa-
tion.

5.17 Operations

5.17.1 Computer Facility Expansion

B.B. Ostrom

The construction of an addition to Computer
Room 1 and a new magnetic tape storage area has pro-
gressed rapidly, The existing magnetic tape library
area has been completely vacated, the existing exterior
walls have been modified to accommodate the addition.
The new perimeter and interior walls have been poured
to the required heights.

The pouring of floors, and preparations for
building service modifications have just begun.
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5.17.2 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

& University Relations
Health Sciences
Chemistry & Materials
Physics
Electronics, Instrument

& Control
Advanced Projects &

Reactor Control
Fuels & Materials
Administration
Finance
Operations
Maintenance &
Construction

General Services
Plant Design
Special Projects
Environmental Authority
Others

Number

80
1,181
20,684
2,577

38,446
3,077

4,465
6,373
2,047
7,750

451

11,216
12,420
1,098
2,813
3,583

0
61
837

4,510
1 '
72

123,742

of Jobs

(0.06%)
(0.95%)
(16.72%)
(2.08%)

(31.07%)
(2.49%)

(3.61%)
(5.15%)
(1.65%)
(6.26%)

(0.36%)

(9.06%)
(10.04%)
(0.89%)
(2.27%)
(2.90%)

(0.00%)
(0.05%)
(0.68%)
(3.64%)
(0.00%)
(0.05%)

Utilization
System

3,796
44,815
893,593
159,851

343,013
18,691

55,654
316,795
139,685
282,990

46,010

224,259
239,761
6,500

140,462
91,145

46
5,998
23,040

177,328
1

943

3,214,375

Seconds

(0.12%)
(1.39%)
(27.80%)
(4.97%)

(10.67%)
(0.58%)

(1.73%)
(9.86%)
(4.35%)
(8.80%)

(1.43%)

(6.98%)
(7.46%)
(0.20%)
(4.37%)
(2.84%)

(0.00%)
(0.19%)
(0.72%)
(5.52%)
(0.00%)
(0.02%)
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5.18 Publications, Reports and Lectures

PSEUDO-CHARACTERISTIC METHOD OF LINES SOLUTION OF FIRST
ORDER HYPERBOLIC EQUATION SYSTEMS
M.B. Carver
Mathematics & Computers in Simulation, Vol. 22, No. 1, March
1980.

PSEUDO-CHARACTERISTIC METHOD OF LINES OF THE CONSERVATION
EQUATIONS
M.B. Carver
Journal of Computational Physics, Vol. 34, No. 3, March
1980.

Reports

PARAMETER IDENTIFICATION USING OPTIMIZATION TECHNIQUES IN
THE CONTINUOUS SIMULATION PROGRAMS FORSIM AND MACKSIM
M.B. Carver, C.F. Austin and N.E. Ross
AECL-6842, February 1980.

DYNAMIC ALLOCATION OF CORE ON THE CRNL NOS/BE 1.3 SYSTEM
M.B. Carver, C.J. Tanner, G.L. K.awitter and D.G. Stewart
AECL-6782, February 1980.

REACTION AND NEUTRON LEAKAGE RATES FOR A LARGE THORIUM METAL
ASSEMBLY SURROUNDING A DT NEUTRON SOURCE
S.A. Kushneriuk (Theoretical Physics Branch) and P.Y. Wong
AECL-6882, February 1980.

COMPUTING CENTRE NEWSLETTER, Vol. 7, Nos. 1, 2 and 3,
L.E. Evans, Editor.

Lectures

DYNAMICS OF THE CRYSTALLIZED ONE COMPONENT PLASMA
G.H. Keech and H.R. Glyde (University of Ottawa)
American Physical Society General Meeting, New York, New
York, 1980 March 24-28.

INTRODUCTION TO UPDATE AND ADVANCED USE OF UPDATE
L.E. Evans, presented at AECL-EC, Meadowvale,
1980 January 21-22.

GRVIEW: THE NEW GRAPHICS VIEWING SYSTEM
G.N. Williams, presented at AECL-EC, Meadowvale,
1980 February 25.

INTRODUCTION TO MAGNETIC TAPE USAGE ON THE CRNL SYSTEM
and ADVANCED FEATURES OF MAGNETIC TAPE USAGE ON THE CRNL
SYSTEM
B.B. Ostrom, presented at AECL-EC, Meadowvale,
1980 March 24-25.
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ACCELERATOR PHYSICS BRANCH

by

J.S. Fraser

6.1 Staff

6.2 Nuclear Power Applications

6.2.1 High Current Proton Accelerator
6.2.2 Electron Test Accelerator
6.2.3 Fertile-to-Fissile Conversion Experiments

at TRIUMF

6.3 Research Applications

6.3.1 Fast Intense Neutron Source
6.3.2 Heavy-Ion Superconducting Cyclotron

6.4 Mechanical Laboratory

6.4.1 Injector Test Experiment
6.4.2 Ion Source Development
6.4.3 High Current Test Facility
6.4.4 Electron Test Accelerator
6.4.5 Heavy-Ion Superconducting Cyclotron
6.4.6 Reactor Physics

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

BRANCH HEAD

Professional Staff

C.
J.
B.
L.
E.
J.
S.
C.
J.
R.

G.
J.
H.
S.
M.

B.
C.
G.
W.
A.
D.
B.
R.
A.
M.
J.
E.
H.
R.
0.
R.
J.

Bigham
Brown
Chidley (1)
Funk
Heighway
Hepburn
Hodge
J. Hoffmann
Hulbert
Hutcheon
McKeown
McMichael
Ormrod
Schneider
Schriber
Shubaly (2)
Ungrin

Mechanical Laboratory

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

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

Anderchek
Bakewell
Kelly

G. Labrie
Warren
Weaver

J.S. Fraser

Technical Staff

R.T.
L.F.
R.J.
H.F.
D.W.
K.A.
r T?
±J • JLJ •

B.A.
K.J.
A.B.

R.
J.C.
S.H.
J.E.
P. J.
W.L.
R.A.
A.E.

F. Bird
Birney
Burton
Campbell
Clements
Dobbs
Geoffrey
Gillies
Hohban
Hood
Houtman (3)
Jones
Kidner
McGregor
Metivier
Michel
Vokes
Weeden

Laboratory Services

K.T.
J.J.

McKee
Murphy

Secretarial Staff

Mrs. M.A. Trecartin

(1) Posted to Los Alamos Scientific Laboratory effective
1979 August 13.

(2) On outside duty, working at Karlsruhe, Federal Republic
of Germany, effective 1980 February 01.

(3) Waterloo student, arrived 1980 January 02.



- 98

6. 2 Nuclear Power Applications

6.2.1 High Current Proton Accelerator

S.O. Schriber

Design and development continues of components for
a high current, 100% duty factor proton linac which will be
used to study problems associated with the low energy portion
of an electronuclear breeder. Commissioning of the 3 MeV
Alvarez tank is underway.

6.2.1.1 Ion Source Development

M.R. Shubaly

Development of the high-current reflex-arc ion
source continues. Measurements of charge state fractions and
emittance for argon and xenon beams have been carried out.
A study of electrode material finishes is underway.

6.2.1.1.1 Ion Source Test Stand

Reliability of the control and data acquisition
electronics for the Emittance Measuring Unit has decreased
steadily, probably from damage by spark-induced transients.
To reduce this damage, all cables to the control electronics
have been shielded and ferrite rings have been installed on
all cables. A loose screw in an interlock relay in the high
voltage power supply control panel was sparking to the
chassis, opening the interlock chain, and slmtting off the
high voltage. This may have been the cause of the drop outs
noted previously (see PR-P-124, 6.2.1.2; AECL-6788).

A new gas flowmeter with fast response {^ 1 s) was
installed in the dome to improve gas flow control. After a
period of successful operation a sudden change in calibration
occurred, perhaps because of high voltage transients. The
cause of the failure is being determined.

6.2.1.1.2 High Current Ion Source

Operation during the past quarter has been with
argon, xenon and nitrogen. Emittance and charge state
fraction measurements were made on three beamlets to reduce
the load on the Emittance Measuring Unit beam dump. The
other four apertures in the array were masked with molybdenum
tabs spaced ^ 2 mm from the aperture plate to prevent plasma
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leakage through these apertures, while permitting gas flow
to preserve pressure balance in the source.

A three beamlet 55 mA, 26 keV argon beam consisted
of more than 98% singly charged ions - the other 2% was
mainly oxygen. With xenon, the fraction of singly charged
ions went from 0.8 6 at 28 mA (equivalent to 65 mA from seven
apertures) to 0.66 at 39 mA (91 mA equivalent) for low gas
flow. A slight increase in gas flow raised the singly
charged fraction to 0.8 at 39 mA. As well, the coil current
was increased by 0.05 A.

Normalized emittance for a single 16 mA, 27 keV
argon beamlet (measuring only one of the three beamlets) was
0.055 IT mm>mrad for 95% of the beam. Normalized emittance
for a 13 mA, 32 keV xenon beamlet (measured as above) was
0.037 7T mm-mrad for 96% of the beam. The latter measurement
was made with high gas flow through the source, to enhance
the fraction of singly charged ions. Both emittance measure-
ments can be considered conservative because the plasma
apertures were found to be slightly eroded after the
measurements.

Measurements were terminated because of severe
damage to the decel electrode from xenon plasma that leaked
under the tabs and sprayed onto the decel electrode. The
TZM (titanium, zirconium, molybdenum) alloy face was badly
eroded, cracked and chipped. The TZM alloy was replaced
with pure molybdenum which also eroded badly, but did not
crack or chip. Small cracks have appeared in the copper, and
copper-molybdenum braze region of the decel electrode, so a
new electrode is being fabricated.

A new extraction column has been designed and
fabrication is under way. This column uses O-ring seals and
is clamped together with insulating rods, thus eliminating
epoxy joints and their problems of misalignment and leakage.
Cooling for all electrodes has been improved and the ceramic
between the accel and decol electrodes has had a 50% increase
in length. This new column will permit extraction of beams
up to 5 cm diameter, as compared to the present limit of
2 cm.

6.2.1.1.3 Other Studies

Studies of effects from different surface finish
procedures on the sparking behaviour of ion accelerating
electrodes have been initiated. Four similar accel electrodes
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have been fabricated. Three are faced with molybdenum - one
with just a good machined finish, one polished with aluminum
oxide and one polished with silicon carbide. The fourth
electrode is faced with TZM alloy.

Initial operation with the silicon carbide polished
electrode was characterized by severe and persistent
sparking even at low currents (0.2 A) and voltages. There
were many spark splashes on the surface. The TZM alloy
electrode with a good machined finish operated very well up
to > 0.25 A (limited by the deteriorated decel electrode).
The puzzling result was that the aluminum-oxide polished
molybdenum electrode operated very well, but the one with
the good machined finish sparked badly. This result is
inconsistent with the experience with the first molybdenum-faced
accel electrode, and with the operation of the TZM alloy
faced electrode - both operated well with only a good
machined finish. This discrepancy will be investigated during
the next quarter.

6.2.1.2 Injector Test Experiment

J.D. Hepburn

The Injector Test Experiment is designed to produce
a reliable, high quality dc proton beam of 0.5 A at 50 kV.
Procurement of components has been proceeding for some time,
and assembly of the system started this quarter.

Commissioning of the air conditioner, high voltage
enclosure, safety interlocks, and electrical grounds is
complete. The purified water loop required many small
modifications but is now operating well. Assembly of the
vacuum system has started, but cooling water connections,
roughing lines, and control wiring are outstanding.
Wiring of electronic control and diagnostic chassis is
approximately 50% complete. The high voltage power supply
and its full-power dummy load are undergoing tests at CRNL
by the manufacturer.

6.2.1.3 Code Development

G.E. McMichael and S.O. Schriber

6.2.1.3.1 PARMILA

The PARMILA package of programs, obtained from LASL,
has been modified to run at CRNL, The package comprises
programs to trace motions of a collection of particles
through several types of proton linac structures. Cases may
now be run for conventional Alvarez structures, and routines
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for Alternating Phase Focused and Radio Frequency Quadrupole
linac structures are being debugged. Documentation of
the code is being prepared.

6.2.1.3.2 LINGUN

LINGUN, a particle trajectory tracing program
developed specifically for the CRNL Alvarez linac, has been
modified to allow arbitrary quadrupole periodicities and to
use accelerating fields obtained from bead pull measurements.

6.2.1.3.3 SUPERFISH

A package of programs to determine rf resonance
characteristics of axially symmetric modes in metal
structures has been installed on the CRNL computing system.
Improvements to programs from LASL based on work at LASL and
at CRNL have been incorporated.

6.2.1.4 High Current Test Facility

6.2.1.4.1 Injector

J. Ungrin

The injector was shut down for most of the quarter
as effort was concentrated on conditioning the Alvarez tank.
Near the end of the quarter low intensity beams (0.5 - 2.0 mA)
were extracted and transported through the injection line and
the tank. At this time the 10 kHz generator that feeds the
750 kV power supply failed because of an arc and subsequent
water leak. The generator which was refurbished approximately
14 months ago is presently being repaired. The sequence of
events leading to the failure has not been determined.

An increase by almost one order of magnitude in
pumping conductance through the first three electrodes
of the accelerating column is possible with a relatively simple
change in electrode geometry. This change in the high
pressure region of the column should reduce the number of
backstreaming electrons and improve reliability. Components
required to alter the electrode geometries have been
fabricated and will be installed following initial beam
acceleration measurements with the Alvarez tank.

6.2.1.4.2 Rf System

J.C. Brown

Operation of the tetrode and triode has been
satisfactory this quarter.
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Preparations for buncher cavity pov/er test con-
tinued. The 400 W amplifier has been shipped and its 20 W
driver is expected shortly. Assembly of rf power monitoring
and rf field monitoring units is well advanced. Assembly
of the low level rf control unit has begun. Several
components for the phase control section have not been
received but their delay will not affect start of buncher
power tests.

6.2.1.4.3 Buncher Cavity

J.C. Brown

Construction of the cavity drive loops, sampling loops
and loop windows have been completed. The alumina window
to kovar braze seals leaked slightly but the leaks were
plugged with an epoxy cement. The tuning plunger and its
motor drive were completed and wiring of the motor controller
is in progress.

The vacuum port was brazed to the cavity and final
tuning was started. This work was interrupted to add stiffeners
to the cavity end plates to restrict distortion of the inner
copper end wall when the end plate cooling channel is
pressured. Tuning and final brazing are expected to be
complete by mid April.

6.2.1.4.4 Alvarez Tank

J.C. Brown, J. Ungrin and S.O. Schriber

Following the tank reassembly reported last
quarter (PR-P-124, 6.2.1.6.3; AECL-6788) the tank was rf
conditioned to 120 kW. At this level, it became difficult
to maintain a good vacuum in the tank because of a deteriora-
tion in pump capacity. The pumping speed of the 1000 L/s
ion pump was found to be about 150-200 L/s. A short term
recovery to a speed of 600-800 L/s could be obtained by
argon activation of the pamp but a drop in pumping speed
would occur within a half hour. The ion pumps and pumping
manifold were disassembled from the tank. The manifold was
altered to accommodate a Varian Ti-ball sublimation pump and
the ion pump was cleaned and new cathodes were installed.

Water lines to the tank pumping slots were found
to be highly spark marked. Multipactoring between these
lines which project into a low field region was evidently
occurring. The water lines were rerouted to a lower field
region. Following this change, multipactoring problems in
the main tank were greatly reduced.



- 103 -r

There was concern that rf was being coupled into
the pump manifold by resonant slot effects - at the fundamental
or harmonic of the tank frequency. Normally, slot radiators
are A/2 in electrical length while the longest of the pump
port slots was less than A/4 for the fundamental mode
frequency. This was investigated by measuring the effect on
manifold rf fields when the slots were shortened by placing
copper straps across the slots. No significant changes
were observed indicating that the coupling is not resonant.
Rf field leakage into the manifold was altered by addition
of a central copper disk which does not reduce pumping speed
significantly.

During the shutdown for pump manifold changes,
bead pulls were repeated on the tank and an improved field
distribution was obtained. With the exception of two cells,
all cell fields are within 4% of the theoretical values.

Following reassembly of the tank after the above
adjustments, the tank was rf conditioned to 120 kW in
preparation for the first attempt at beam acceleration. A
vacuum leak was encountered before this experiment was
possible. The leak was traced to a braze joint in one of
the drift tubes. Replacement of the drift tube is presently
underway.

Radiation field intensities in the vicinity of the
tank have proved to be higher and more persistent than
originally expected. To reduce the intensity in the vicinity
of the tank to acceptable levels, a 6 mm thick skirt of lead
shielding mounted on movable steel framing is being placed
around the tank.

A number of problems have been encountered with the
teflon window in the rf drive line. The window which forms
a vacuum to air seal has been damaged on a number of occasions
by arcs in the drive line and has had to be replaced. Copper
sputtered onto the window by the arc leads to conduction
across the insulator and destroys the window surface. A
design with three 6 mm deep concentric grooves machined with
a 15° undercut edge into the 25 mm thick window has reduced
but not solved the conduction path problem.

A new drive loop with smooth loop contours and an
rf window displaced A/2 from the loop is planned. The
elimination of sharp edges should reduce the susceptibility
to arcing when the drive line becomes severely mismatched
because of tank sparks or breakdowns, Moving the window
to a low impedance point when the line becomes severely
mismatched will reduce the susceptibility to window surface
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breakdown. The present window is located about X/5 from the
loop and its surface is in a high field region when an arc
occurs at the loop. A short length low-power model was
constructed to check the effects of a new loop shape on
coupling. The high power loop will be built based on these
measurements.

6.2.1.4.5 Beam Dynamics

G.E. McMichael

Initial operation of the Alvarez linac is expected
to be with an unbunched beam an:i an accelerating gradient
less than the design of 2.0 MV/m. Acceptance and transmission
under these conditions has been investigated using the LINGUN
beam dynamics code. The linac was designed for an input
energy of 0.75 MeV,- average axial electric field 2.0 MV/m at
a rf power level of 150 kW, giving an output energy of 3.05
MeV for a stable phase angle of 26°. L̂ tfGUN runs predict
that the acceptance will become non-zero at a gradient of
1.75 to 1.8 MV/m (115-121 kW) with the transmission of phase-
locked particles increasing from 15% at 1.8 MV/m to 30% at
2 MV/m.

If repair of the leaking drift tube is unsuccessful,
it may be necessary to replace it with a dummy drift tube
without a quadrupole magnet. For currents less than 5 mA,
calculations show that the reduction in transmission for this
change should be less than 25%.

6.2.2 Electron Test Accelerator

J. McKeown

The beam from this 4 MeV 100% duty factor
accelerator was used to continue tests with a waste target
and diluted untreated sewage was irradiated.directly. The
engineering aims of this experiment have been achieved.

6.2.2.1 Accelerator Operation

S.B. Hodge, J.S. Fraser, J. McKeown and
G.E. McMichael

The accelerator operated in a stable manner during
tests with the water target test facility. The target was
tested to destruction which occurred at 6.7 mA at 4 MeV.
A photograph is shown in Fig. 6.2.1. It was estimated that
the peak power density on the window was 375 W/cm2. A com-
puter program was written to model the power density as a
function of beam spot size and it was estimated from signals
on the beam spill apertures protecting the edges of the
window that the FWHM was less than 5 mm. A new window was
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installed and exposed to a beam current of 2.7 mA for 15
hours. No visible ch^^ge took place except for the discolora-
tion by the water. The tests were concluded after a final
run of 5.4 mA and again no visible change could be noted.

These tests verify the design of a window that
could be used in a proposed parity violation experiment (see
PR-P-124, Sec. 2.2 and Sec. 3.16, AECL-6788).

Thru irradiation experiments were performed at
beam currents up 'o 2.0 inA and a swept width which was
increased to include the full width of the window. Both
water flow and beam current were varied to provide a dose
in the range 5 x 10 to 10^ rads*, The water sources used
were CRNL fire-fighting water, CRNL sewage effluent and the
town of Deep River sewage effluent before chlorination. Water
samples before and after irradiation were sent to Ontario
Region Laboratory Services, Environment Canada, for
bacterial density determination. All showed a marked
reduction in coliform bacteria although the CRNL sewage
effluent had an initial bacterial density too low to give relia-
ble results. Analysis of the irradiation data is in progress.

6.2.2.2 Radiofrequency Sources

J. McKeown

Vacuum problems with the existing 100 kW klystrons
continue. It is necessary to run S/N 101 to full power every
few days if a period of reconditioning is to be avoided.
S/N 102 has similar problems and when returned to stand 2
after a period of 4 weeks inactivity the Raytheon power supply,
which can supply a continuously variable voltage, was used to
provide the beam pumping necessary to restore the klystron
to operational status. S/N 100 which was used to operate the
accelerator during this four week period continues to perform
within specification.

The specification for the proposed purchase of
300 kW klystrons has been written and has been issued for
tender. The specification for the 1.2 MW dc power supply to
drive these klystrons is under study.

6.2.2.3 High Pov/er Pancake-Coupled Structure

S.B. Hodge and J. McKeown

All segments of the five-cell tank have been rf
tuned during the period and preparations are now being made

* 1 rad = 10 mGy
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to proceed through the various stages of brazing to the
complete structure.

The rf window adaptor for +-he iris cell was
damaged during transportation and required considerable
refitting of the stainless steel flange to the copper. The
fit was not good enough to effect a brazed seal first time
but at second braze was leak tight. The unit has now been
finish machined to fit the iris cell.

The rf tuners are near completion and fabrication
of the tank stand is about to begin.

Tuning of the structure continues. Cells 2 and 4
have had the vacuum slots milled and the frequency shifts
were determined by taking 5-mode spectra of segments 2, 3,
4 and 5 and 6,7, 8 and 9 before and after machining.
Frequency shifts were within statistical errors showing
that the slots are successful in containing the field.

Tuning of cells 1 and 5 was done by making 9-mode
fits with the segments 1/2-cell terminated and full-cell
terminated. It was necessary to machine the outer radii of
segments 1 and 10 as they were both high in frequency. As
these are the dynamic tuning cells it is desirable to have
them low in frequency at low power to permit operation over
a wide range of temperature and power at a fixed accelerator
frequency.

All cells are now tuned and a minimum power in the
coupling cells is within the range of the tuners. The large
opening to accommodate the rf connector has been machined and
the connector installed. Cutting the iris and retuning the
centre cell is in progress.

6.2.2.4 Beam Position Monitor

J. McKeown and R. Houtman

The two cavities designed for beam tests at the
fundamental frequency (28 56 MHz) of the University of
Saskatchewan linac and the fourth harmonic (3219.1 MHz) of
the Electron Test Accelerator (ETA) were fabricated and
prepared for bench testing. The E-probes are sufficient to
set up the quadrupole symmetry hence, in principle, the
magnetic tuners are unnecessary. However care must be
exercised in choosing the frequency as the ETA cavity
increased by 0.7 MHz on final brazing. This requires
operation at 50°C on the ETA beam line. It is planned to
heat-cycle the Saskatchewan cavity before brazing to try and
establish the cause of these frequency shifts.
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Beam tests have been carried out on the ETA. The
cavity was displaced horizontally and vertically relative
to the beam position and the rf signals, absolute cavity
position and beam current were recorded. The data will be
used to develop a computer program to read the data, make
corrections for non-linearities for crystal response and
radial variation of electric field of the T M H Q

 m°ae,
normalize-to a fixed beam current and send back the position
of the beam in cartesian coordinates to the operator. One
version of the program runs but has not yet been tested with
the accelerator during operation.

6.2.3 Fertile-to-Fissile Conversion Experiments at TRIUMF

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

6.2.3.1 Water Bath Measurements

The analysis of the water bath measurement reported
previously (see PR-P-124, Sec. 6.2.3.1, AECL-6788) on a Pb-7
target bombarded by 48 0 MeV protons using manganese foils
whose 2.6 hour half-life 56Mn activity was assayed by Ge(Li)
spectrometry has been completed. Ninety-seven manganese
foils and fifty-eight gold foils were activated at interstitial
sites during the target bombardment. The agreement is
generally very good between the gold and manganese data.
There does appear to be a barely discernible trend toward
gold foil assaying giving slightly higher flux estimates for
radii greater than 30 cm. Because the epithermal neutron
component is so small in the manganese activation, the only
simple source for this discrepancy would appear to be in the
epithermal component of the gold activation; one possibility
might be an error in the asymptotic r value of 0.013 used at
sites remote from the target in estimating the effective
capture cross section.

The integral capture in the water obtained from
the flux distribution based on the manganese foil data is
2.0% lower than that using both the gold and manganese foil
data. This difference arises from differences in the spline
fits to the flux shapes at the peaks in the Z distribution.

The neutron capture integral derived from this run
is significantly lower ('v 19%) than those obtained in earlier
runs. This discrepancy is still under investigation. It may
partially be the result of the counter sensitivity recalibra-
tion described below.
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6.2.3.2 Ge(Li) Detector Sensitivity Calibration

The Ge(Li) detector used for the water bath
measurements and target conversion measurements described
above has been recalibrated using the calibrated standard
sources procured recently from Amersham for that purpose.
As well as calibration measurements the changes in sensitivity
with distance from the detector and lateral position have
been measured as a function of photon energy.

The most significant change in the estimated Ge(Li)
detector sensitivity arises from improvements in the
corrections for the apparent loss in sensitivity from coinci-
dent detection of two (or more) photons from a common 3-decay
event in the standard sources or unknown assay samples. The
previous treatment had not included contributions from the
detected "ontinuum accompanying all line spectra from the
Ge(Li) dticector. When this is properly included the corrections
for these "summing losses" increase by the ratio of total
counts to line counts for single line spectra. For our
detector and sample geometry this ratio is linear (within an
accuracy of ^ 5%) from 0.5 MeV (Total/Line Ratio =4.0) to
2.0 MeV (T/L = 10.0); below 0.5 MeV the ratio can be approxi-
mated by a second straight line starting at unity for zero
photon energy. The fractional sensitivity loss for any
particular photon line due to any other coincident photon
line is then estimated by taking the product of the absolute
detection sensitivity for the interfering line with its T/L
ratio and the angular distribution factox* for the coincident
gamma rays.

The estimated sum loss correction factors for the
calibration sources are shown in Table 6.2.1. Also shown in
Table 6.2.1 are the dead time corrections estimated by
measuring the count rate in three different lines from fixed
sources in the presence of a varying supplementary source.
The branching ratios of the decay schemes are also shown in
Table 6.2.1 as well as the corrected, single line absolute
sensitivity factors for our present system. The rms deviations
of these data points from the relation

£ = 0.0120 exp(-0.981)

is comparable to the ^ 2 % standard error estimate quoted for
the source strengths. The least-squares-vfitted relationship
for e did not include the 22jja annihilation photon data point
because of the possibility that not all positrons stop in the
vicinity of the source.
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Table 6.2.1

Ge(Li) Calibration, November 1979

Source Ey Sum Loss
Mev Correction

Dead Time Net y Yield Measured
Correction per Decay Sensitivity

203Hg

137cs

54Mn

88Y

60CO

22Na

60Co

88y

22Na

0.2792

0.66165

0.8348

0.8980

1.1732

1.2746

1.3325

1.8360

0.511

-

-

-

1.061

1.078

1.189

1.076

1.076

1.035

1,069

1.175

1.149

1.136

1.297

1.436

1.297

1.136

1.436

0.815

0.850

1.000

0.913

0.9984

0.9993

0.9984

0.9934

0.9057

0.0426

0.0176

0.0138

0.0132

0.0105

0.00974

0.00918

0.00649

0.0220

To transform to the sensitivity at our normal
assaying point, 1 mm closer to the detector, measurements
were made of the sensitivity gradient for most standard sources.
This correction modifies the fitted sensitivity quoted above
to

E = 0.0126 exp(-0.992).

The change in detector sensitivity calibration
accounts for only about half of the discrepancy between the
result quoted above for the 7-element lead target and the
previous results.

6.2.3.3 Conversion Measurements

The major effort in the current quarter has been
devoted to analysis of a U-37 irradiation and a Th-19
irradiation. To test ti.a precision with which the GAMANAL
code analyzes the gamma spectra, a number of spectra were
also analyzed by hand. In addition to conversion foil spectra,
standard source data were also hand-integrated. A standard
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source of 88Y was counted approximately 30 times over a
10 day period. The results of both the hand integrations
and the GAMANAL analysis are listed in Table 6.2.2. The
errors listed are the standard deviations from the mean.
The counting statistics for each point were ^ 1/2% for the
889 keV peak and ^ l% for the 1836 keV peak. The results of
the comparison indicate that the code introduces a noise
level of 'v 3-4% for the much more complex gamma spectra
obtained from the irradiated thorium and uranium foils.
Since there is no apparent bias in the code towards either
consistently larger or consistently smaller peak areas, this
'noise' should be substantially reduced when the peak areas
are fitted to decay curves of the proper half-lives.

Table 6.2.2

Summary of the Comparison between GAMANAL and Manual

Peak Integration for Standard Sources (s"1)

Energy (keV) GAMANAL Hand

889 174.85 ± 1.96 175.75 ± 1.56

1836 92.16 ± 1.94 93.49 ± 0.95

Dead-time corrections are applied to the peak areas
before fitting to a decay curve. The activities extrapolated
to centre-of-bombardment are then corrected for foil weight,
detector sensitivity, and gamma ray abundance to obtain atoms
of product per gram of target material. These results are
converted to atoms per gram per incident proton using the data
obtained from the aluminum monitor foil in the usual way.

In the 19-element thorium target, it was found that
the radial distribution of the conversion product, 233p3/ is
considerably broader (FWHM 'v 15 mm at Z = 19 mm) than that of
the fission products 97 Z r an(j 9% o (FWHM "» 3 mm at Z = 19 mm) .
In the same target it is evident that the 233pa distribution
has a peak in the axial direction farther downstream than
those for the fission products.

In the 37-element uranium target the peaks in the
axial direction are narrower than in the thorium target,
probably as a result of the higher density of the uranium
target. In the radial distribution for the uranium target,
a preliminary analysis of the data indicates that the con-
version product 239jgp is more broadly spread than the fission
products, as was the case in the thorium target.
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6.3 Research Applications

6.3.1 Fast Intense Neutron Source

J.D. Hepburn

Upgrading of the neutron source for the Health
Physics Branch from the presently achievable 1.5 x 10^2 n/s
to the design goal of 4 x 10^2 n/ s continued.

Components allowing an increase in target rotation
speed from 1100 rpm to 18 00 rpm were installed. Target
outgas threshold increased from ^ 0.9kW/cm2 to ^ 1.2 kW/cm2,
as predicted. The new threshold is still a factor of two
too low preventing higher neutron output production. A
second target drum of the present design is being tritiated,
in preparation for brief beam tests before neutron
production operation.

A target arrangement having the same general
cooling design but which greatly reduces the volume of
water in the target is being fabricated. A tritiated drum
will be prepared and tested. The changes were made to allow
use of OFHC in the target backing (rather than 1% Cr-Cu), to
improve water flow in the cooling channel, and to reduce the
neutron spectrum moderation by the cooling water volume.

The original high voltage power supply control
circuit incorporated a loss-of-ac-phase trip which had
neither latch nor indicator. Addition of a latched indicator
and a time delay on the trip signal confirmed that the
loss-of-phase is one of the most common types of trip
(probably caused by high voltage transients), and that the
phase is lost for > 0.1 s. Tests with longer delays continue.

The column was operated satisfactorily at up to
37 mA total beam, which should give more than the required
25 mA of D+ on target.

During recent operation, a water-to-vacuum braze
failed. System rehabilitation is proceeding.

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 dismantled to modify the cryostat for the radiofrequency
accelerating system, drill the flutter poles for the remaining
8 0 trim rods and isolate and repair a short circuit between
the main coil and the helium can.



- 112 -

6.3.2.1 Cryogenic System

6.3.2.1.1 Cryostat Modifications

J.A. Hulbert

Following the initial field-mapping experiments,
the cyclotron development schedule calls for the inner
cylindrical wall of the cryostat vacuum tank to be fitted
with demountable copper inserts which give clearance to the
high-voltage on the accelerating dees. The inner wall was
removed and mounted on a horizontal borer in Bldg. 466
machine shop in late December 1979. Three months of machine
time were required to complete the cutting of the 5 wall
apertures for the copper inserts, the 2 probe ports and the
grooving for the aperture water cooling lines. The slow
cutting was necessary to avoid wall distortion, to ensure
adequate surface finish for O-ring seals and because of
difficulty in achieving tool access to the surfaces to be
cut. Rebates for the inserts had to be cut by blending a
fly-cut to a mill-cut, resulting in a 'wave' in the rebate
depth. As a result all the copper inserts have had to be
redesigned to conform to the rebate profiles. The wall
cylinder has now been returned for copper plating of the
rf cavity wall areas. The copper inserts and seal frames
are being constructed.

6.3.2.2 Magnet

6.3.2.2.1 Orbit Dynamics

E.A. Heighway

It was reported last quarter that field changes
had been found that gave good isochronous fields for 23 MeV/u
carbon and 12 MeV/u tantalum. These field changes have now
also been used to successfully isochronize the other ten ions
representative of the bounds of the operating region.

The current problem is to find a selection of
acceptable modifications to the steel of the flutter poles
which will best match those field changes found successful
for the twelve bounding ions. Because of the constraints
on the steel changes this process is largely one of trial and
error and is slow and tedious. At present 50 MeV/u carbon
and 10 MeV/u uranium are being examined and an acceptable
configuration has been found which can be isochronize'd for
both ions but with a few percent reduction in energy, A
less acceptable feature is that the steel changes have
resulted in low vr values at extraction which would result
in phase space distortion. It remains to find a way to avoid
this vr problem while staying within the physical constraints



- 113 -

on the steel and yet providing good isochronism. It is
likely that solution of the vr problem will also increase
the energies to nominal values.

6.3.2.2.2 Yoke

Q.A. Walker (Civil & Mechanical Design Branch)

The poles remain crated awaiting shipment to the
manufacturer at the beginning of May.

The resurfacing of the vacuum seal faces on the
pole penetrations has been completed using abrasive discs.
The seal face of the central hole requires further work.
All the securing holes have been drilled and threaded.

The midplane vacuum seal pressure rings have been
partially fabricated but a machining problem is being
investigated. The pole to cryostat seals have been annealed
off site and are being prepared for machining.

The lower pole jack system has had a recurrence
of vibration problems with removal of the flutter poles. On
manufacturer's recommendations a teflon containing grease
is to be tried. The torque settings of the main clutches
have been reset because they had drifted from their original
settings but this did not correct the vibration. A back up
scheme to install ball screws has been prepared.

6.3.2.2.3 Trim Rods

Q.A. Walker (Civil & Mechanical Design Branch)

The motor driving arrangement has been detailed
and a prototype driver has been built and tested. A high
decoupling load on the trim rod clutches has been measured
on a mockup and a modification is being detailed.

6.3.2.2.4 Magnet Coils

H.R. Schneider

Generally the axial Lorentz forces tends to com-
press the magnet coils onto the bridge separating the upper
and lower coils. However, at low excitations, before the
pole is saturated, the net force reverses direction and
tends to lift the coils from the bridge. The magnitude of
this lifting force and the range of magnet excitations giving
rise to it have been explored using the computer code
POISSON. Results of the calculations, summarized in
Fig,, 6.3.1, show that lifting forces exist when the current
in the inner coil pair is less than 600 A. Figure 6.3.1
shows also that the former practice of initial charging
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Fig. 6.3.1 Axial Lorentz force on SCC magnetic coil
as a function of inner coil current.
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of the magnet with equal currents in the inner and outer
coils, results in the loss of most of the axial preload
on the coils. This makes them vulnerable to radial shifts
due to radial decentring forces - particularly before the
coil is centred in the yoke.

There is no evidence that radial shifts of the
coils have occurred, but to minimize that possibility in
the future, an interlock circuit is being added to the magnet
power supply to prevent the outer coil current exceeding
50 A when the inner current is less than 600 A. This
restriction is below the minimum excitation required for
cyclotron operation and so does not compromise its operating
range.

6.3.2.2.5 Ground Fault Elimination in Magnet Coil

J.A. Hulbert and L.F. Birney

Development of a cleaning tool and operating
strategy to remove the magnetic fragments from the midplane
region of the upper superconducting coil has occupied most
of this report period. Now that an operating tool is fully
developed it appears that it will be necessary to remove one
half of the outer radiation shield segments and cut a total
of 10, 20 mm diameter, holes through the helium can wall
just above the midplane, to gain access to all the supposedly
contaminated channels.

The tool operates through 3 holes, the centre one
of which is used for tool assembly and removing collected
debris. A 5 mm flexible steel sleeve runs between the two
outer holes and carries at its centre a tool head. The tool
head is positioned at the end of the channel to be cleaned
by observing signal lights which are operated by wall,
'floor1, and radial clamp end contacts. When the head is in
the correct position a helical spring tongue with a 'sweeping'
permanent magnet can be driven from the head along the full
length of the radial cooling channel.

Testing of the tool system on a dummy coil winding
is essentially complete and the actual cleaning operation
is imminent.

6.3.2.3 Accelerating Structure

C B. Bigham

Further testing of the accelerating structure awaits
the completion of modified tuner components. These consist
of new outer conductors, new sliding shorts with a new form
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of rf contact and modified drive mechanisms (see PR-P-124,
6.3.2.3; AECL-67 88). Work has started in the shop and a
test batch of contacts has been made. In the mean time,
the control circuits are being reworked and commissioning
experiments with the rf power amplifier (PA) are continuing.

Most of the control circuits have been rebuilt
including rf detectors, automatic frequency controls for the
tuners, automatic voltage control for the rf level and a new
control panel. The temperature monitors, safety interlocks
and computer interface circuits remain to be done.

A coaxial line resistor has been installed in the
PA transmission line for suppression of harmonic voltages.
It has been tested into the water load but not into the
structure where harmonic voltages are larger.

Modified screen and grid by-pass capacitors are
being made for the PA in an attempt to suppress the 1.1 GHz
parasitic that limits operation at some frequencies (see
PR-P-124, 5.3.2.3; AECL-6788). This parasitic may be
caused by resonances in the capacitors and modifications will
allow resistive material to be placed in a position to load
the suspected resonances.

The PDP-11 control computer was used during the
last structure experiments to monitor operating parameters.
Additional interfacing has been added and a MUMTI program
written allowing "automatic" operation of the frequency
synthesizer and PA into the water load.

6.3.2.4 Injection

6.3.2.4.1 Code Development

E.A. Heighway

The code GOBLIN has been changed to allow use of
two separate but overlapping field maps. This allows the
injection orbit and the associated transfer matrix to be cal-
culated in one run. Previously two runs were made which
required the external calculation of the transfer matrix as
the product of two partial matrices. The stripper foil energy
loss has also been added as an input parameter.

The transfer matrices calculated with acceleration
present were found to be significantly different from the
unaccelerated matrices and could not, by inspection, be
verified. The differences are due to the bunching and focusing
effects of the dees which introduce matrix element coupling
not present without acceleration. Extensive testing was
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required and has been completed to confirm that the
accelerated matrices are correct.

An error which resulted in incorrect radial
deflections at decelerating dee gaps has been discovered and
corrected. This was only significant at injection and only
for some ions.

6.3.2.4.2 Operating Parameters

J.H. Ormrod

The orbital path of ions accelerated in the
cyclotron should ideally exhibit a turn-to-turn separation
which is a smooth monotonic function of radius. Such an
orbit is said to be 'centred1. During injection ions are
deflected from a common entry point (the centre of the
injection dipole) to leach the stripper foil at a fixed
azimuth 23.44° and at some radius which will depend on the
injection dipole deflection. For a given energy and charge
state of the injection ion there is a unique radius and hence
a unique deflection which gives a 'centred1 orbit. This ideal
deflection together with the choice of charge state and
injection energy form some of the required operating parameters.

In the early stages of the cyclotron design these
parameters were chosen using an analytical calculation
followed by injection orbit calculations using GOBLIN
(PR-P-106, 6.2.3 f); AECL-5226). The GOBLIN calculations did
not include acceleration and the injection orbit was assumed
to terminate at an equilibrium orbit so no check on centering
was made. With the availability of the accelerated matrix
calculation and other features described in 6.3.2.4.1 it is
now possible to determine injection energy and rf phase of
the incoming ion as well as the dipole deflection which will
give 'centred' orbits. This is done iteratively. Starting
with an analytic calculation of the injection energy and rf
phase and no deflection at the dipole, GOBLIN is used to cal-
culate the trajectory and the transfer matrix to the stripper
foil azimuth, plus one turn in the cyclotron. The off-centred-
ness of the one turn gives the change in radius and radial
momentum required at 23.44°. The inverse 2 x 2 matrix is
constructed for these two parameters against the injection
energy and injection angle to find the changes for the next
iteration. The rf phase is sufficiently decoupled to permit
its adjustment to be calculated independently. Normally
three iterations are sufficient to calculate well centred
accelerated orbits.

For the thirteen bounding cases calculated, the
injection energy differed by as much as 4% from the earlier
calculations and the required injection dipole deflection
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varies from +9 to -14 mrad (Cf + 18 to -13 previously cal-
culated in the static case), well within the magnet's
capabilities.

6.3.2.4.3 Foil Changer

C.R.J. Hoffmann

Design work continues. Mechanisms for moving foils
to and from a conveyor chain have been modified to allow a
collection tray for spent foils to be as large as possible.
At present these mechanisms will be driven with a rack and
gear through a bellows sealed rotary feedthrough.

6.3.2.4.4 Extraction

C.R.J. Hoffmann

High voltage experiments on components of the
electrostatic deflector test assembly continue. A support
insulator for the deflector electrode has operated at 80 kV
(design voltage is 100 kV). Failure occurs at cathode-vacuum-
insulator interfaces for both the support insulator and the
high voltage feed cable. Experiments have been done on several
different cable terminations with the aim of reducing
electrical stress at the cable termination joint. Some
terminations have operated up to 100 kV, but without
acceptable reliability.

Custom made semirigid coaxial cable has been
received. This cable fulfills a dual purpose of providing a
vacuum seal and a high voltage feed to the electrostatic
deflector.

A vacuum potting oven (PR-P-123, 6.3.2 e); AECL-6680)
has been fabricated and installation and fitting has begun.
Heaters and insulation have been installed and the oven
vacuum tested.

6.4 Mechanical Laboratory

J.E. Anderchek

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

Total laboratory time breakdown in the quarter is
as follows:

Accelerator Physics Branch - 99,2S%
Reactor Physics Branch - 0,72%



- 119 -

6.4.1 Injector Test Experiment

A test load for the 50 kv, 0.75 A high voltage
power supply was made. A water-cooled heat sink was
fabricated for the high voltage equipment dome and various
modifications were made on the dome itself.

6.4.2 Ion Source Development

New components fabricated included a filament
holder and a plasma aperture plate. An anode and a decel
electrode were refurbished.

Substantial progress was made on fabrication of a
high voltage column and bodies for two bucket- (or cusp-)
type sources.

6.4.3 High Current Test Facility

Three removable electrode sections were manufactured,
for the injection column to increase the gas pumping con-
ductance.

The pumping manifold of the Alvarez tank was
modified in order to accommodate a new "Ti-ball" sublimation
pump. A rf baffle plate was added inside the manifold to
shield the ion pump.

Three new teflon rf windows were fabricated and
modifications were made to two others.

Assistance was provided in preparing the buncher
cavity for operation. A drive loop, three sampling loops,
and a motor driven tuning plunger assembly were fabricated
and fitted to the cavity. The cavity was machined in
preparation for the final tuning operations and the vacuum
pumping port was fitted and brazed to the cavity.

A number of components were made or modified for
the rf system. These included several heat sinks for the
new rf control unit, connector supports for buncher rf power,
and cavity field monitors. Fibre optic sensor mounts were
made for the high power transmission photo-arc detectors.

The primary ac contactors for one of the modular
dc power supplies were modified to accept new low current
vacuum contacts. New metering panels were made to accommodate
re-arrangements of Module A and D power supplies.

A model of the loop section of a new A/2 loop
design for the Alvarez tank was fabricated to measure the
effects on coupling caused by changes in loop shape.
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6.4.4 Electron Test Accelerator

Work on the pancake-coupled structure continues.
Vacuum ports with longitudinal slots were machined in cells
2 and 4. The slots contain the field and still provide
good conductance. Ports were also machined in the end cells
to accommodate 7 cm diameter tuning plungers. Temporary
tuners were made up to assist in the low power tuning. Holes
were made in all accelerating cells and couplers for field
monitoring probes. These apertures detune the whole
assembly to varying degrees hence retuning of all cells was
necessary. The rf adaptor has been leak tested and a jig
to secure the adaptor to the structure's iris section is
under construction.

Two beam position monitors of a simpler design were
manufactured. Four electric probes were brazed in each
cavity and the stainless steel beam pipes were brazed into
the copper cavities. A tuning jig was also made and used
with the cavity designed for the fourth harmonic of the
electron test accelerator frequency. This cavity was brazed
and prepared for assembly in the electron test accelerator.

The rf window from an inoperative VA-853 high power
klystron was machined off and a stainless steel flange welded
to the vacuum side. The window is leak tight; it has been
successfully tested on the accelerator up to 60 kW and is
ready for service.

The waste water target needed repairs on three
occasions and the window was replaced once following high
power beam tests on the accelerator.

Copper spark gaps were machined for the klystron
crowbar protect system and they are now in service.

6.4.5 Heavy-Ion Superconducting Cyclotron

Work on the superconducting rf accelerating system
included modifications required for commissioning of a
coaxial resistor in the PA drive line, construction of a
"cold test" bypass capacitor model and manufacture of a mask
for plating a new bypass capacitor.

A mounting plate and valve drive limiter for valve
operator motors in initial stages of computer control of the
helium liquefier were fabricated and assistance was given in
development and manufacturing parts of a cleaning tool for
removing metallic contamination in the cyclotron magnet coil.
Several components and blanking plates for the cyclotron
"rough" vacuum system were also made.
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A mock up for a gear driven trim rod drive was
manufactured and assembled, and a vacuum connection drill
jig plus a special O-ring face lapping tool were made.

6.4.6 Reactor Physics

Two special 37-element fuel bundle end plates to
test lifting tongs were made and fifty two 37-element end
plates were modified.

6.5 Publications, Reports, Papers, Lectures and Patents

Publications

NON-DIMENSIONAL TUNING OF ACCELERATING STRUCTURES
J. McKeown and S.O. Schriber
Rev. Sci. Instrum. 51 (1), 55 (Jan. 1980).
Also Atomic Energy of Canai? Limited, Report AECL-6644.

THE CHALK RIVER SUPERCONDUCTING CYCLOTRON
E.A. Heighway, C.B. Bigham, C.R.J. Hoffmann, J.A. Hulbert,
J.H. Ormrod, H.R. Schneider and Q.A. Walker
Proceedings of the Symposium on Heavy Ion Physics from
10 to 200 MeV/AMU, Brookhaven National Laboratory,
BNL-51115, Vol. 2, 501 (1979).

Reports

VOLTAGE BREAKDOWN STUDIES ON A 750 kV HIGH CURRENT DC
ACCELERATING COLUMN
J. Ungrin
Atomic Energy of Canada Limited, Report AECL-6584 (December 1979)

Lectures

ACCELERATOR DEVELOPMENT AT CRNL
J.S. Fraser
Oral presentation at Carleton University, Physics Dept.,
Ottawa, Ontario, 198 0 March 24.

THE ELECTRON TEST ACCELERATOR AT CHALK RIVER
J. McKeown
Seminar presented at University of Saskatchewan,
Saskatoon, 1980 March 28.

The lectures listed above may not be available in print.
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