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SUMMARY

G.A. Bartholomew

1.1 Nuclear Physics Research

MP Tandem Operation

The MP Tandem recorded the lowest unscheduled
shutdown time for any quarter to date. In-tank maintenance
is the largest contributor to accelerator unavailability.

Accelerator availability was as follows:

Experiments running 1379.0 hours 62.4%
Scheduled shutdowns 684.0 hours 31.0%
Unscheduled shutdowns 145.0 hours 6.6%

2208.0 hours 100.0%

Thirteen experiments were performed during the
quarter. Eleven visiting scientists used the accelerator;
they were involved in experiments occupying 92% of the beam
time and in these experiments their participation averaged
44%.

1

Research Activities

By a new technique involving observation of lead
K x-rays in coincidence with fission fragments following
bombardment of tungsten with 97 MeV H>0 ions, it is
deduced that long-lived (> 3xlO~l^s) compound states are
formed in a substantial fraction of the fission events.

The decay of 7 lBr has been observed for the
first time with the aid of the ISOL on-line isotope separa-
tor and a detailed decay scheme constructed for 7-Br
and its daughter ^-^Se.

Differences in reaction Q-values have been
measured to a precision of 100 eV with the QD3
spectrometer and a high voltage target arrangement.

Average >-ray widths experimentally determined
for nuclei far from stability show systematic differences
with average y-ray widths of nuclei near stability.
Calculated average Y-ray widths by an improved method
compare well with known values.
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The (3He,n) reaction has been used for the first
time in inverse Doppler shift attenuation measurements. The
first results have given more precise values for the
lifetimes of two 2+ levels in ̂ °S.

The full spectrum of gamma rays from the l3C(n,y)14C
reaction has been measured at the N4-external thermal neutron
facility at NRU, and a complete decay scheme has been
determined. An accurate value for the ratio of the capture
cross sections of l 2C and 1 3C was also found.

1.2 Accelerator and Applied Physics

Research Applications

a) Fast Intense Neutron Source

reconditioning of the power supply led to successful
operation with d+ currents up to 13 mA.

b) Heavy-Ion Superconducting Cyclotron

The cryostat inner wall modifications to permit insertion
of the rf accelerating system into the magnet are complete
and vacuum tests are in progress.

' - All trim-rod holes have been drilled in the flutter pole
assemblies. The assemblies have been aligned, dowelled
and bolced to the circular poles. The trim rods with
holders are being installed.

The new rf fingers have been soldered to their mounting
plate to improve thermal contact and the modified design
will be tested soon.

Tuner control is now automated with initial values set by
computer.

The cryopump has operated in the rf test rig, improving
the vacuum fivefold.

Extraction from the modified geometry of 45 MeV/u carbon
and 10 MeV/u uranium beams is satisfactory but 23 MeV/u
carbon beams (lowest magnetic field situation) are
intercepted by compensation elements. Several possible
solutions are being investigated.

Work continues on the optimization of injection parameters
for various energy and ion species combinations with the
effects of the cyclotron rf taken into account in the
calculation.

A system for controlling and handling signals from Faraday
cups, motor-di.-iven slits and beam profile monitors is under
study.
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Nuclear Power Applications

a) High Current Proton Accelerator Development

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

- The Ion Source Test Stand has operated without
significant problems.

- Thin masks over the extra holes in the plasma aperture
plate have resulted in smaller beam diameters.

A new ion source based on parametric studies of the PIG
source is being designed.

The triode amplifier was repaired after serious arcing
resulted in failure.

The buncher cavity has been mounted on the beamline.

Spectral measurements of the accelerated proton beam,
using the emittance measuring unit, were hampered by a
large low-energy beam component.

Post coupler measurements have shown the expected
improvement in field stability of Alvarez structures.

b) Electron Test Accelerator

Experiments with the beam position monitor show that
disturbances of the rf phase produce significant
steering of the beam. A first attempt at computer
control of the beam position has been successful.

- The transverse emittance of the beam has been measured
after the buncher using the double-slit method.

A successful repair has been made on the high power
klystron which developed a vacuum leak during the last
period.

Difficulties have been encountered in brazing the high
power pancake coupled structure; precise measurements
of the brazing furnace temperatures will be necessary.

Beam dynamics calculations have successfully modeled
the performance of the buncher and the design of a new
buncher is well advanced.

- Computer hardware serviceability has become a serious
problem and proposals to upgrade the system are being
studied. Software developments for beam position
control, emittance measurement and automatic archiving
have proceeded with some difficulty.
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c) Fertile-to-Fissile Conversion Experiments at TRIUMF

Intercalibration of counting systems for gold foils at
Simon Fraser University and at CRNL has been repeated.

1.3 Solid State Physics

Installacion and commissioning of the new
PDP-11/34 computer control system for the C5 triple axis
crystal spectrometer were completed and routine
experimental operation achieved.

Investigations of the structure and excitations
of the plastic solid S-N2 were continued with a
newly grown single crystal maintained at 55 K under a
pressure of 4x 105 kPa. Measurements of very weak, high index
Bragg reflections were made, the analysis of which should
lead to an improved understanding of how the N2 molecules
pack together in this phase.

The unexpected discontinuity in the scattered
neutron intensity as a function of temperature in liquid
^He, near 2.172 K, described in the previous quarter is
probably caused by a sudden change in density, attributable
to the violent boiling known to occur at that temperature.

Measurements of the temperature dependence of the
positron annihilation peak coincidence rate in the bcc
order-disorder alloy FeCo have revealed a considerably
different behaviour from that observed in 6-brass, despite
the similarities of structure, transition temperature, and
activation energy of self-diffusion, between these two
alloys., This may indicate that diffusion in FeCo does not
occur by way of the usual mono- or di-vacancy mechanisms.

Observations of the excitation spectrum in the
anisotropic quasi one-dimensional antiferromagnet CsCoBr3
have shown that the phonons play an even more important
role in determining the magnetic response than in the
corresponding chloride, CSC0CI3.

A theory of neutron diffraction has been
developed for cubic crystals of the type MCA^_C

B i°
which a fraction c of the A-ions in the non-magnetic
crystal AB is replaced by magnetic ions M. Results in good
agreement with experiment are achieved.
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1.4 Applied Mathematics and Computation

In order to assess the radiological hazard
ensuing from combustion of the hydrogen in a proposed
tritium recovery plant, efforts are being made to obtain
reasonable estimates of the rate of rise and final height
of the cloud of tritiated water.

In response to a request from AECL-Chemicai
Company, a prototype for a program which produces forecasts
of distributions of D2O sales from probabilities of
reactor sales, estimates of installation dates, and
probable amounts of D2O to be supplied by Canada, has
been completed.

Testing of the latest release of the MARC stress
analysis code continued. Two errors have been resolved,
but two others have been identified and reported to the
supplier.

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

a program to assess least squares fitting techniques
for use with a proposed system for measuring the
curvature of bent beam type stress relaxation

, specimens

revisions to TRUMP, a heat transfer program, made
necessary by system and FORTRAN changes that have
taken place since TRUMP was first installed

- a program for storage, retrieval, arid reporting of
information describing CRNL commercial jobs

a program for processing data from the hybrid heating
experiment

an extension to the Central Personnel Records System
to handle cases of employees of one site who are
attached to another site.

A memory increment for the CYBER 170/175 was
installed, giving the CYBER 175 its maximum size of 262,144
words. Six new disc storage units and two new disc
controllers were also acquired and installed during the
quarter. Four additional disc drives and two more
controllers will complete the disc system upgrade in 1981
March.
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New versions of FORTRAN and COBOL have been
received and are being tested. COBOL version V will be
released in 1981 January; FORTRAN version V requires
further work, mainly to ensure compatible use of subroutine
libraries with the existing FORTRAN.

Two plotting packages, one a collection of
high-level routines for producing quite elaborate drawings,
the other a collection of simple, easy-to-use routines
intended mainly for use on minicomputers, have been
received and installed.

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

Percentage of Percentage of
Number of Jobs Tota-1 Utilization

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

0
0
17
1

30
2

3
3
2,
5

0,

10.
10,
0.
2,
3.

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

.09

.51

.63

.67

.46

.67

.30

.82

.36

.68

,79

.55

.39
,63
,31
,35

35
,04
66
48
00
23
02

0
0

40
3

9
2

1
3
7
6

0.

7.
5,
0.
3,
3.

0.
0.
0.
3.
0.
0.
0.

.10

.47

.17

.53

.67

.70

.53

.50

.05

.63

.74

.81

.65
,21
,19
.46

00
.15
33
07
00
02
00
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Nuclear Physics Branch

J.C.D. Milton
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2.1 STAFF

Branch Head: J.C.D. Milton

Professional Staff Technical Staff

SECTION I

J.C.D. Milton

Accelerator Group

T
H
G
W
J
E
J
0,
A,
U.
K.
D,

• K.
.R.
.C.
.G.
.S.

.C.

.B.

.J.

.S.

Alexander
Andrews
Ball
Davies
Forster
Hagberg
Hardy
Hausser
McDonald
Schrewe
Sharma (
Ward

SECTION II

R.
J.

L.
S.

Graham
Geiger

(1)

(2)
I
(3)
4)

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

Computer Control Group

, Bray
. Brown
Bucholtz
Draytrenko
Gallant
Hill
Howard

C. Hyde
Jones

D. O'Dacre
Perry
Sharp
Steer
Waito
Wills

R.B. Walker
N.B. Pham (5)

Radioisotope Standardization
Group

J.S. Merritt
L.V. Smitha)

A.R. Rutledge

Students and Visitors

B.T. Campbell (6)
E.T.H. Clifford (7)
V. Koslowsky (8)

Laboratory Services and Workshop

M. Desrochers
R.W. Stalkie

Secretarial Staff

R.J. Elliott
K.J. Wheaton

b)
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(1) Research Associate attached from the University of
Toronto and Queen's University, Kingston.

(2) On leave of absence at Max-Planck Institut fur
Kernphysik, Heidelberg, West Germany.

(3) Attached from the University of Gottingen.

(4) Post doctoral fellow

(5) Terminated employment 1980 December 19.

(6) Waterloo University Coop student; terminated
1980 December 12.

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

(8) 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 Violation in the Photodlsintegration of Deuterium

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

Measurements of the polarization of electrons
from the GaAs photoemission source by Mott scattering have
been completed. The 60 keV beam of longitudinally
polarized electrons from the source was bent electro-
statically through 90° to obtain a transversely polarized
beam. Mott scattering from thin gold foils was observed
in CaF scintillators at +120° to the beam direction.
Asymmetries indicative of electron polarization of 25%
have been observed. The electron source will now be moved
to the electron test accelerator (ETA) where it will be
operated with a 90° magnetic bend to permit acceleration
of longitudinally polarized electrons and production of
circularly polarized bremsstrahlung. Tho source has pre-
viously been operated in this configuration and well
focissed stable beams of about 0.2 milliampeie have been
obtained for periods in excess of five hours.

A 160 litre D2O tank with a 20 cm deep re-entrant
hole has been constructed and will be used to measure
neutron and y~raY fluxes at the ETA.

2.3 Measurement of the Multipolarity of the 2789 keV Transition

from the Parity Doublet in He

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

In order to determine the multipolarity of the
Y-ray transition from the 2789 keV (J77 = 1/2") level to the
ground state in l̂jje the branching ratio for pair emission
has been measured with a pair of silicon detector telescopes
(PR-P-127: 2.5; AECL-7102). The multipolarity of this
transition has been calculated (D.J. Millener et al., Phys.
Rev. C18. (1978) 1878) to be predominantly El (M2/E1 = 0.13)
as is required if a measurement of its circular polarization
is to be sensitive to the 1/2+ parity admixture in the
level. A recent measurement of this circular polarization
(PR-P-120: 2.4; AECL-6452) provided an upper limit
(P-y = (23 ± 29) x 10"4) smaller than predicted by preliminary
calculations. However, new calculations by W. Haxton et al.
(Phys. Rev. Lett. £5 (1980) 1677) using the Weinberg-Salam
model of the basic weak interaction indicate that a small
Py could be due to a cancellation between the isovector and
isoscalar parts of a parity-mixing matrix element. It is



- 12 -

important to verify that the transition is indeed pre-
dominantly El before proceeding with circular polarization
measurements of higher sensitivity (PR-P-127: ?.4; AECL-7102).

The 2789 keV level was populated by the O(a,n) Ne
reaction at an incident energy of 4,9 MeV. Electron-positron
coincidences were observed in detector telescopes placed
at ±135° to a 300 vig/m^ WO3 target in a close geometry
(the target backing was a 0.13 mm carbon foil). Each
telescope consisted of a 3 mm thick Li drifted silicon
detector and a 0.3 mm silicon surface barrier detector in
coincidence to reduce the sensitivity to gamma rays.
Spectra of the total energy deposited in the pair of tele-
scopes showed a peak at 1767 keV (resolution 50 keV) resulting
primarily from pair emission from the 2789 keV level. The
2796 keV (J11 = 1/2+) member of the doublet was determined
to be weakly populated at this energy by observing the gamma
spectrum in a Ge(Li) detector. The pair detection efficiency
was determined by measuring the pair emission rate at an
incident alpha energy of 4.3 MeV, where only the 2796 keV
level is populated. This level is reliably calculated by
Millener to be predominantly Ml (E2/M1 = -0.07) and in any
event the pair emission branching ratio is quite insensitive
to the multipolarity. On the other hand, for the 2789 keV
transition, at the relative detector angle of 90°, the pair
emission branching ratio for pure El multipolarity is ten

, times larger than that for M2.

Detailed data analysis is in progress, but it
is evident from an analysis during the measurement that
the 2789 keV transition is predominantly El.

2.4 Measurement of the Lifetimes of the 2211 keV and 3404 keV,

2 + Levels of 30S

T.K. Alexander, G.C. Bali, J.S. Forster with I.V. Mitchell
(Solid Stat<3 Science Branch) and H.B. Mak (Queen's University)

This report is part of the series of experiments
measuring the transition probabilities of analogue
transitions in 30Si, 30P and 30g. Preliminary data on 3Cg
have been reported previously in PR-P-124: 2.6; AEC'L-6788.

, _R The levels of S were populated in the
He( Si,n)30S reactions by bombarding 3Ia implanted Au

targets with 220 nA of 6 0 MeV 28gi5+ ions. The targets
were prepared by implanting 35 keV 3He into 250 um thick
Au foils to a dose of 6 x lO^/cm^. A new target spot was
used every ^ 12 hours since the 28Si ions induced 3He loss
from the beam spot region. The neutrons from the reaction
were detected in three 12.7 cm diameter by 12.7 cm long
NE13 liquid scintillation detectors clustered at 0°
behind a 100 cm3 Ge(Li) detector also at 0°. A second
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Ge(Li) detector was positioned at 135°. Coincidences between
each scintillator - Ge(Li) pair were recorded as four
parameter events. Neutron-induced pulses were separated
from gamma-ray induced pulses in the NE213 scintillators
by means of a pulse-shape parameter. An 88y source was
also placed near the counters for gain stabilization of
the Ge(Li) detectors with the y~Y coincidence spectrum
from the NE213 counters.

Playback of the data allowed the generation of
the 2211 keV gamma-ray lineshapes in coincidence with
neutrons directly feeding only the 2211 keV level. Another
energy window on the NE213 spectra generated y spectra from
the 3404 keV level and below. Lifetime values for the 2211
keV level and the 3404 level were deduced by fitting the
lineshapes and centroid shifts of the 2211 keV and 1192 keV
gamma rays respectively. A value of T = 254 + 23 fs was
obtained for the lifetime of the 2211 keV level, and a
value T = 169 ± 21 fs for the 3404 level. The uncertainties
include those from counting statistics, uncertainties in
electronic and nuclear stopping power and uncertainties in
geometrical and kinematic effects (e.g. an uncertainty of
±1.5° was placed on the position of the 135° Ge(Li) detector).
These results are significantly better than any of those
from previous experiments used to give adopted values
T(2211 keV) = 185 ± 35 fs and T(3404 keV) = 135 ± 30 fs
(Endt and Van der Leun, Nucl. Phys. A310 (1978) 1).

2.5 Isoscalar and Isovector E2 Transition Matrix Element in
Mass 3 0 Nuclei

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

3_ 3 Q The lifetimes of the analogue transitions in Si,
P and S have been reported previously in PR-P-121: 2.5;

AECL-6530, PR-P-124: 2.6; AECL-6788 and PR-P-128: 2.4;
AECL-7234. Here we summarize in Table 2.5.1 the data on
the E2 transition matrix elements for the 2-L

+ -*• 0+(*' and
22+ ->• 0+, AT = 0 transitions in the mass 3 0 Tz = 1,0 and -1
nuclei. These matrix elements are predicted (E.K. Warburton
and J. Weneser, in Isospin in Nuclear Physics ed. D.H.
Wilkinson (North Holland) Amsterdam 1970) to be related by

/|M(E2)I2 = S(E2) + Tz V(E2)

where S(E2) and V(E2) denote the isoscalar and isovector
parts. Until now there has been a lack of accurate data
••-.o test this linear relationship.

2n
+ indicates the nth excited 2 + level
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From the data in Table 2.5.1, a linear relation
of /|M(E2)p with T z for the 2X+ •+ 0+ transition is
accurately established and given by:

/|M(E2); 2 = 3.02 ± 0.07 + (0.30 ± 0.075)Tz

For the 2 2 + •+ 0 transition:

/|M(E2)| 2 = 0.92 + 0.04 - (0.29 + Q . ^

In terms of the rcH.o of neutron to proton matrix elements
of interest for i-. • .iparison of the results from different
probes (Bernstein et al. Phys. Rev. Lett. £2 (1979) 425),

M

~ = 1.22 ± 0.06 for the 2 1
+ -+ 0 + transition, and

P

0.52 ± 0.06 for the 2 2
+ •+ 0 + transition.

Table 2.5.1

Summary of Analogue Transition Strengths
for Mass 30 Nuclei

(Mi)
_ _ _

Nucleus bi F b
T
Z = -

1 T
z = °

 Tz =

Transition

2X
+ - 0+

22+ - 0+

2

1

.72

.19

+ 0.

+ 0.

06a>

06d>

3.

1.

02

10

+ 0.

+ 0.

1 4b)

18e>

3.

0.

32

6?

± 0.

+ 0.

c)
15

06f>

a) Derived from the weighted average of t = 363 + 28 fs
(Present work: PR-P-121: 2.5; AECL-6530), T = 363 + 20 fs
Herman's et al. Nucl. Phys. A284 (1977) 307), and
T = 335 + 45 fs (Brain et al. J. of Phys. £2 (1977) 821)

b) Derived from the weighted average of T = 90 + 12 fs
(Present work: PR-P-121: 2.5; AECL-G530), T = 90 i 11 fs
and branching ratio = 33.2 ± 1.0% (Anttlla and Keinonen
Phys. Rev. C2_l (1980) 1196, Branching ratio 32 + 2%
(Endt and Va" der Leun, Nucl. Phys. A310 (1978) 1 ) .

c) Present work: (PR-P-128: 2.4; AECL-7234).
d) T = 89 ± 8 fs (Present work: PR-P-121: 2.5; AECL-6530)

Branching ratio = 44.7 + 1.5 (Endt Van der Leun, Nucl.
Phys. A310 (1978) 1 ) .

e) Anttila and Keinonen, Phys. Rev. C21 (1980) 1196.
f) T = 169 ± 21 fs (Present work: PR-P-128: 2.4; AECL-7234)

Branching ratio = 20 ± 3% (Endt and Van der Leun,
Nucl. Phys. A310 (1978) 1 ) .
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2.6 Resonance Reactions Involving Spectator Particles

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

Analysis of the data presented previously
(PR-P-125: 2.4; AECL-6956) has been completed. The
coincidence spectra from the reactions (a) D(6Li,at)p at
E = 25.7 MeV and (b) D(7Li,cta)n at E = 21.8 MeV showed
especially interesting structure. In reaction (b) when
kinematic conditions permitted both sequential decay of
the 8Be states at 16.63 and 16.93 MeV -.nd spectator pro-
cesses at different detected particle energies, most of the
strength went into sequential decay. Exactly the opposite
was true in reaction (a) where the spectator process was
favored over sequential decay of the 7.46 MeV level in
'Li. These differences may originate in the structure of
the states or in the different reaction Q-values.

The experiment has been repeated with thinner
targets (^0.5 mg/cm2) to get better separation between
the two kinds of structure in the coincidence spectra.
Better running conditions for reaction (a) were also found
at a higher bombarding energy (E = 30.8 MeV) where the
separation of the two processes is greater but the minimum
spectator energy is only slightly higher. Analysis of

, these data is in progress.

2 R
2.7 The Transient Magnetic Field at High Velocities fcr Si

in Fe

J.S. Forster, T.K. Alexander, G.C. Ball with I.V. Mitchell
(Solid State Science Branch) and K. D ybdal (SUNY, Stony Brook)

The most accurately studied case for transient
magnetic fields is 28si in Fe, the first case for which it
was shown that the transient field strength increase is
proportional to velocity over a large velocity range
(J.L. Eberhardt, R.E. Horstman, P.C. Zalm, H.A. Doubt
and G. Van Middelkoop, Hyperfine Interactions .3 (1977) 195).
At very high velocities, v ^ 10-14 vo (vo = the Bohr
velocity = c/137) it is expected that the field will no
longer be proportional to velocity owing to the high charge
state of the moving Si ion.

We have made preliminary measurements to assess
the feasibility of such a transient field measurement. A
target of 350 pg/cm2 of natural Si on 2.5 mg/cm2 Fe was
bombarded by 240 MeV ?9Br19+ ions. A second foil of
10 rag/cm2 Ni was mounted directly behind the target foil.
Elastdaally and inelastically scattered Si ions were
detected at 0° in a 50 mm2, 100 pm thick silicon surface
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7 9
barrier detector; the Br beam stopped in the Ni foil.
A 7.6 cm by 7.6 cm Nal(TJl) counter, operated in coincidence
with the particle detector, measured de-excitation gamma
rays from the 1.78 MeV, 2 + level in 28Si Coulomb excited
by the. 79l3r beam. Low energy gamma rays from ^Br were
also observed in the gamma-ray spectrum.

The 1.78 MeV gamma rays were clearly resolved
in the gamma-ray spectrum and an angular correlation
measurement between 100° and 130° to the beam direction
was made. A change of approximately 50% in the angular
correlation was observed between 100° and 130° indicating
that a transient field measurement at these high velocities
is feasible. A further test run with a Cu beam is planned
before the actual transient field measurement is made.

2.8 Angular Distribution for Gamma Rays Depopulating the
147

T = 760 ns Isomer in Gd

D. Ward, H.R. Andrews and P. Skensved (Queen's University)

147To assign spins in the level scheme of Gd
lying between the T = 760 ns (49/2+) and 39 ns (27/2~)
isomers we have measured y-ray angular distributions. Th^
T = 760 ns isomer was populated in the l24Sn(28si,5n) reac-
tion at 140 MeV with a pulsed 28Si beam (fwhm •- 3 ns;

; repetition period = 1.6 us). Excited 1^7Qd nuclei recoiled
into a lead backing. Previous studies have shown that lead
at room temperature can provide an environment in which
the nuclear alignment of Gd is reasonably well preserved
over ^ 200 ns. (PR-P-126: 2.11; AECL-7055). Angular
distributions for y rays depopulating the isomer were
measured with a Ge(Li) detector and electronic gating to
accept pulses in the time period 50-200 ns after the
beam pulse.

In the first pass over the angles (̂  6 hours)
the results were consistent with the previously determined
values for y254 keV (e.g. a2 = 0.21 + 0.03; a4 = 0.09 + 0.03),
however subsequent passes indicated successively less
alignment (e.g. for Y254, &2 = 0.14 + 0.02; a4 = -0.02 ± 0.02
for the second pass). This long-term reduction in the
alignment was probably caused by radiation damage in the
lead, which gave rise to quadrupole relaxation effects.
It could be avoided in further experiments by simply
moving to a new beam spot location on t*ie target at
intervals of a few hours.
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!.9 Observation of Pb K-x-rays in Coincidence with Fission

Fragments Following 0 Bombardment of Tungsten

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

Recently (PR-P-126: 2.14; AECL-7055) we reported
a search for Hg K-x-rays preceding fission of Hg compound
nuclei formed in 87 MeV 12c bombardment of tungsten but
the result was, however, inconclusive. We have turned our
attention to Pb nuclei formed by 97 Mev ^0 ion bombardment
of tungsten, with some prospect of suceess
since:

a) the target K-ionization probability is greater;
b) the long-lived component of fission decay is increased

from % 15% to ^ 25% (J.U. Andersen et al,, K. Dan.
Vidensk. Selsk. Mat.-Fys. Medd. 4JD (1980) No. 7); and

c) The K-vacancy lifetime is shortened marginally to
i> 3 x 10~ 1 7 s. (W. Bambynek et al. Rev. Mod. Phys.
44_ (1972) 716).

Substantial changes also have been made to improve the
experimental conditions including improved beam collimation,
remote dumping of the transmitted beam and improved x-ray
detection geometry. Unfortunately, an intense Compton
component arises from y-rays emitted by fission products and
therefore appears in the coincidence spectrum as the major
source of background under the x-ray lines of interest.

In the present experiment a 97 MeV beam of O
ions bombarded a 400 yg/cm2 thick foil of tungsten metal.
A Faraday cup two metres down the line measured the
accumulated charge. A large area, annular, parallel
plate avalanche detector (PR-P-120: 2.20; AECL-6452) was
used to detect fission fragments in the angular range
125° - 160°. The counter operated with isobutane at a
pressure of 1.0 kPa (8 Torr) and a bias of 500 V. A 200
mmS 5 mm thick, intrinsic Ge detector was placed 44 mm
from the target to observe the x-rays. The x-ray detector
was also used in coincidence with a silicon, surface barrier
detector at 20° to the beam direction to estimate the
tungsten K-ionization probability.

The final coincidence x-ray spectrum of real
events minus random indicated Kai and Ka2 x-ray peaks
from Pb. Since these two peaks showed up strongly in the
x-ray spectrum corresponding to the random portion of the
time spectrum, they were fitted with gaussian shapes to
determine peak centroids and widths. The net x-ray
spectr.-um was then fitted allowing only the peak areas
and a constant plus linear background as adjustable para-
meters. The result was 212 ± 190 counts where the error
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is statistical (mainly from the large Compton background),
for a total of 1.6 x 108 fission fragments in the avalanche
detector. Assuming an ionization probability of 0.1%, a
measured x-ray detection efficiency of 0.45%, a fluorescence
yield of 0.94 and (Kai + Ka2> total of 0.79, we would
expect a maximum of 750 counts. Our result thus implies
a long-lived component of 28 + 25%.

Further improvements in detector geometry are
being made.

2.10 The Decay of 71Br

E. Hagberg, J.C. Hardy, H. Schmeing (Neutron and Solid State
Physics Branch), H.C. Evans (Queen's University),
U.J. Schrewe, V. Koslowsky, K.S. Sharma and E.T.H. Clifford

_, The first observation of the decay of the nuclide
Br has been made with the on-line isotope separator.

The activity was produced by bombarding a 2.5 m.'/cm- tar-
get of natural calcium with a 300 nA beam of 118 MeV
35cJl(9+). Seventeen unknown y-ray groups are found in the
•r; Mtrum obtained for mass 71. Twelve of the^e were strong
-̂. 'igh to determine their (common) half-life and measure
son;'? coincidences. All were assigned to the decay of the
new isotope 7lBr, whose half-life was determined to be
21.1 ± 0.6 s from the measured decay of the strongest

' y rays following its £S decay and from the decay of Se x rays.

A simple decay scheme for Br has been .,,
constructed incorporating six levels in its daughter, Se.
The first excited state in 7lse, at 48.8 kev, was found to
be long-lived and its half-life was determined to be
5.5 + 1.0 vs. Further as yet unanalyzed experiments are
expected to yield the K-conversion coefficient of the
48.8 keV transition and to measure the strength of a
possible @-branch feeding the ground state of 73-Se.

2.11 A 10.8 s Isomer in 72Br

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

In our studies of the light krypton isotopes
(e.g. PR-P-107: 2.8; AECL-5256) we have frequently ob-
served an isomeric state of T^Br which decays with an
approximately 10 s half-life emitting a single y ray
of 101.2 ± .1 keV. This activity is directly beam produced,
together with the well-known 78 s 72Br activity, but is
not populated by the decay of krypton isotopes. The 10 s
activity is easily assigned since the x rays following
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electron conversion indicate bromine and its excitation
function is similar to that of the 78 s 72Br.

In an effort to determine which of these activities
is associated with the ground state of 72Br, as well as to
resolve contradictory spin assignments, we have now reexamined
the 10 s isomer, with the on-line isotope separator. This
provided the first direct evidence that our previous mass
assignment was correct. We measured a precise value for the
half-life (the preliminary result is 10.8 + .2 s), the con-
version coefficient for the 101.2 keV line (indicating an M2
assignment), and the branching ratio between y and direct g
decay. Analysis is in progress. Although the 10 s activity
was produced copiously, so far our data do not seem to
indicate that the 10 s activity feeds the 78 P. activity. A
more detailed analysis will show whether the growth of the
78 s activity is masked or whether the 10 s isomer feeds an
as yet unobserved third isomeric state.

;.12 Precision Mass Measurements

V. Kofslowsky, J.C. Hardy, R.E. Azuma (University of Toronto),
G.C. Ball, E.T.H. Clifford, W.G. Davies, t3. Hagberg,
H. Schmeing (Neutron and Solid State Physics Branch),
U.J. Schrewe and K.S. Sharma

Differences in reaction Q-values have been measured
to a precision of the order of 100 electron volts with the
QD3 spectrometer and a high voltage target (see PR-P-123:
2.19; AECL-6880). Three recent results are listed in Table
2.12.1.

Table 2.12.1

Measured Q-value Differences

Reaction A Reaction B '"A "B

(i) 3°Si(3He,p)32P(ground 30Si(3He,p)32p*(78.1 78.019±0.070 keV
state) ±0.1 keV)

I*(1057.7 14N(3He,t)14O(ground
±0.5 keV) state)

(ground 50Cr(3He,t)50Mn*(651.
state) ±0.5 keV)

(ii) 26Mg(3He,t)26A?.*(1057.7 14N(3He,t) 14O(ground 82.222+0.105 keV
±0.5 keV) sta

(iii) 54Fe(3He,t)54Co(ground 5°Cr(3He,t)50Mn*(651.0 41.080±0.100 keV



- 20 -

Case (i) was measured to test our technique. The
78.1 keV level in 32p ±s known from independent y-ray measure-
ments to a precision of 100 eV. The results agree and give
us confidence in the method.

Cases (ii) and (iii) were measured as part of our
program to improve significantly the precision of experimental
ft-values for superallowed 0+->-0+ transitions. While in prin-
ciple (3He,t) reactions can connect the same nuclear states as
6- decay, in order to utilize our high-voltage technique we
could not actually compare the 0+ analogue states in our
reaction measurements. Thus, in order to convert the Q-value
differences in Table 2.12.1 into 0+-*-0+ values, we must measure
equally precisely the excited state energies in 26A* and 50Mn.
Currently, we are preparing for such measurements.

In addition we are (a) continuing with tests to con-
firm that energy losses in the target can be properly cor-
rected for (PR-P-127: 2.21; AECL-7102), (b) having the
calibration of our voltage divider tested by compariso: with
a Park high voltage divider (reference: see J.H. Park - Journal
of Research of the NBS, Vol. 66C, No 1, Jan-Mar 1962) at the
National Research Council in Ottawa and (c) preparing to mea-
sure Q-value differences related to other superallowed 0+-*-0+
3-decays such as 46v, 42 S c, 38K/ 34 C 1.

2.13 Search for a Decay of 162Hf

U.J. Schrewe, E.T.H. Clifford, E. Hagberg, J.C. Hardy,
V. Koslowsky, H. Schmeing (Neutron and Colid State Physics
Branch) and K.S. Sharma

The only Qa value in the a decay chain from g
to 146Gd, still not experimentally determined, is that of
162Hf. The demonstration of the 162nf ct decay would give the
absolute mass values of l^Hg, 1 7 4Pt, 1 7 00s, 166w and 162nf.
A search for a decay of 162nf is planned using the 142fcja (24j/[g(
4n) reaction.

For the production and detection of the
activity a system consisting of a He-jet (NIM 139, 335 (1976))
coupled with a fast tape transport system (PR-P-123: 2.16;
AECL-6680) will be used. A short experiment has already been
performed to check this equipment. Short lived activities of
l78Hf (T:j = 4.8 s), 212At (0.32 s) and 212mAt (0.12 s) were
produced'in (a, xn) reactions.

The reaction recoils were stopped in He gas, swept
out through a 7 m long teflon capillary (1.44 mm i.d.) and
subsequently collected on the tape. The collection spots
were transported periodically in front oi either an a- or a
y-ray detector.
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The transport gas was loaded with NaCl aerosols
by passing the gas through an oven with NaCl salt crystals
at a temperature of up to 300°C. The transport efficiency
for 178uf was measured as a function of the oven temperature
yielding a maximum at 670°C. The salt concentration of
3b ug/L at this temperature was low enough to get thin
collection spots for a-spectroscopy and to work with Si(Au) -
surface barrier detectors near the end of the capillary.

The transport time through the capillary was derived
experimentally from a comparison of the detected 212gAt and
212mAt a-activity and determined to be (0.20 ± 0.02)s.

2.14 New Isomeric States in xoFr and At

E. Hagberg

Alphn spectroscopic data from the decay chain
218Fr-*-214At-*-210gi were obtained in an experiment at CERN
(in collaboration with G.T. Ewan, B. Jonson, S. Mattsson
and P. Tidemand-Petersson). The half-life of the ground
state of 218Fr was determined to be 1.3 + 0-3, ms and the
major decay branch of this state to be a 7868 ± 5 keV alpha
transition, both results being- in agreement with known data.
A previously unknown isomeric state was found in the present
experiment at an excitation energy of 86 keV with a half-life
of 22.0 ± 0.5 ms. The decay of this isomer is very complex
with no fewer than 20 alpha groups varying in energy between
6837 keV to 7952 keV.

The half-life of 214At was measured for the first
time and found to be 558 ± 8 ns. An isomeric state with a
half-life of 760 ± 15 ns was found at an excitation energy of
232 keV. The dominant alpha groups from the ground state and
the isomeric state are 8819 ± 4 keV and 8762 ± 5 keV, res-
pectively.

The two long-lived states in 214At (208pb core plus
three protons and three neutrons) can be interpreted as a 1~
ground state and a 9" isomeric state arising from the coupling
of the odd h9/2 proton with the odd gq/o neutron. This is
analogous to the level scheme of 210BI (208Pb coro plus a
proton and a neutron) which is theoretically well understood.

The alpha decay of the proposed 1~ ground state of
proceeds almost exclusively to the 1" ground state of
with very weak branches feeding other low-spin states.

The alpha decay of the proposed 9" isomeric state in 214At
feeds in a similar way mainly the 9~ isomeric state in 21OJ3J.
with weak branches feeding other high spin states.
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In 218pr -̂jjg 2.3 ms ground state can be taken to be
a 1~ state presumably arising from the same hg/2 ~ 99/2
configuration. The 22 ins isomeric state with its complex
alpha deexcitation is however not consistent with a 9"
assignment.

2.15 Mass Difference Measurements with the Isotope Separator

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

In this technique (PR-P-122: 2.9; AECL-6582,
PR-P-123: 2.15; AECL-6680 and FR-P-127; AECL-7102) a Fluke
8502, programmable, digital voltmeter, a 10-bit ADC and the
power supply which generates the accelerating voltage for
the isotope separator are operated under the control of the
PDP-10 computer. Interfacing between the computer and the
experimental apparatus is now complete. Aftsr some modifi-
cations to the software (PR-P-123: 2.15; AECL-6680)
a cycle time of 500 ms per data point has been achieved.

2.16 Average Excited State Lifetimes in I

J.C. Hardy and E. Hagberg

We have recently been concerned with the measure-
ment of average excited state lifetimes in exotic nuclei (see,
for example, PR-P-126: 2.18; AECL-7055). Of particular
interest has been the fact that the measured y-ray widths io
not follow phenomenological systematics established from
measurements at the neutron capture threshold in nuclei near
stability (see next section, PR-P-128: 2.17). In order to
provide the soundest experimental basis for a proper theor-
etical study of this problem, we have been extending our
investigations to as many different nuclei as possible. Since
PXCT measurements require a good production rate, it is
necessary to use experimental facilities particularly suited
to each case; previously we have used, in addition to the
CRNL tandem, the ISOLDE separator at CERN.

We have now measured excited state lifetimes in
113i using the PXCT in the decay of H-^Xe. Thd experiments
were performed at GSI Darmstadt (in collaboration w:th E.
Roeckl, P. Tidemand-Peterson, 0. Klepper and R. Kirchner from
GSI, and B. Jonson, S. Mattsson and D. Schardt fron CERN).
A 3.7 mg/cm2 target of 58Ni was bombarded with up to 600 nA
of 58ui(14+) at an energy of 290 MeV, and the product nuclei
analyzed in the on-line isotope separator. Protons, x rays
and y rays were observed from the decay of H3xe, and all
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three pairs of coincidences were recorded. The results are
being analyzed and will yield average level lifetimes in
113i between 3 and 7 MeV of excitation.

2.17 Calculation of Gamma Decay Widths

J.C. Hardy

Average y-ray widths <Ty> are now becoming accessible
for certain exotic nuclei (see previous section PR-P-128: 2.16)
and superficially at least the results do not fit easily into
the systematics of <Ty> values already measured in nuclei near
stability. In order to understand this apparent discrepancy,
I have calculated average y-ray lifetimes for 65 stable or
near-stable nuclei between 60^0 and 15lNd, all cases for which
experimental results are knovn from neutron-capture studies.
Care has been taken to uso as input information only such data
as ca.i be obtained also for exotic nuclei. It is anticipated
that v.nis standardized method of calculation (which agrees to
better than a factor of two with experiment for the 65 cases
studied) will provide a useful basis for understanding the new
exotic cases.

A computer program has been written to evaluate the
function (see Bartholomew, Earle, Ferguson, Knowles, and Lone,
Adv. in Nuclear Physics, Volume 7(1973)229 Academic Press)

where U=EX-A. fE^ is the strength function and p is the level
density. The parameters of f̂ i were taken from the systematized
experimental photoneutron cross sections (Bernian and Fultz, Rev.
Mod. Phys. Al_ (1975) 713). Several level density prescriptions
were tried. The most successful was that derived from the
back-shifted Fermi gas model formalism, whose parameters a
and A (the "fictive ground state energy") were taken from a
fit to measured densities specifically in the nuclei involved
(W. Dilg et aJ, Nucl. Phys. A217 (1973)269.

The results are very nearly as good as those obtained
in a somewhat similar study by C.H. Johnson (Phys. Rev. C16
(1977) 2238), who considered a narrower mass range and used
as input specific spectroscopic information on low excited
states, information that will not in general be available
for exotic nuclei. It appears that the methods I have used will
thus be more useful in studies far from stability. Compari-
sons with such experiments are currently in progress.
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2.18 Ion Source Development for the On-Line Separator

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

The development of the He-jet ion source system
(PR-P-126: 2.19; AECL-7055) is progressing close to schedule.
The design criteria for the ion source proper have been
finalized, and the drawings are being completed. The source
could be described as a modified Bernas source, displaying
radial beam extraction and high current (̂ 20 mA) capability.
In contrast to existing Bernas sources, it is designed for a
very high cold spot temperature (^2200°C), in order to mini-
mize aerosol condensation. Equally important, the source
incorporates an extraction slit whose cross section is several
times the size of the skimmer opening, thus reducing hold up
times and back-streaming of reaction products.

The machining of the mechanical support structure
has been completed; this includes the ion source flange with
its pumping manifold and the source base plate. A new Roots
blower (Leybold-Heraeus WS 2000), to be backed by the existing
Roots blower system, is in transit.

Because of the high temperature conditions in the
source, several new power supplies will be needed. These
supplies have been specified. Since their combined power

' rating exceeds the capability of our present isolation trans-
formers, high temperature tests will have to await the install-
ation of a new 100 kv transformer.

2.19 Isotope Separator Operation

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

The isotope separator was used during this period
for two on-line runs of five days duration each for target
tests and detailed measurements of the isotopes 73.Br and ?2Br.
The instrument was available throughout this time, operating
at 4 0 kv.

Two new subsystems were installed: water-cooled
baffles at the magnet entrance, and an evapor ition system
(PR-P-127: 2.21; AECL-7102), in the collection chamber, which
allows successive deposition of target materic1 after ion
implantation.

All available off-line time was used for target
implantations, resolution tests and a scan for the common
parasitic masses.
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2.20 Kinematic Shift in B-delayed Particle Decays

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

A detailed analysis of the beta-neutrino angular
correlation experiment on 20Na (PR-P-124: 2.11; AECL-67 88)
has been completed. Several internal inconsistencies and
anomalous values of parameters have been found in the data.
Off-line studies of our apparatus have indicated that multiple
scattering of electrons occurred during the 20jja experiment at
a level of a. 15%. This amount of multiple scattering is
sufficient to explain the inconsistencies. It is not possible
to make corrections for the multiple scattering with confidence.
However, it is possible to reduce the scattering to the ^ 1/2%
level with the use of additional collimators. A modification
to the apparatus has been designed which will incorporate the
required collimators in a repeat experiment which is planned
for the near future.

2.21 The Injection Beam Transport System for the Chalk River

Superconducting Cyclotron

W.G. Davies and A.R. Rutledge

Work continues on the optimization of injection
parameters for various energy and ion species combinations now
including the effects of the RF system in the cyclotron. (See
PR-P-126: 2.23; AECL-7055 and PR-P-127: 2.24; AECL-7102.)

The inclusion of the effects of the RF voltage has
necessitated some minor design changes to the beam transport
hardware. For 10 MeV/A U the field gradients of QI15 and QI13
have increased significantly (̂, 10%), making the design of
these lenses quite difficult. In order to alleviate some of
the design problems, the following changes have been made in
consultation with the manufacturer: QIll has been shortened
from 32.5 cm to 17.5 cm, QI13 aperture has been reduced from
52 mm to 42.5 mm thereby reducing the pole tip field from
0.92 to 0.75 T. QI15 remains a difficult case, requiring
a 0.9T pole tip field. Little can be done to alleviate this
problem. However, through very careful design the require-
ments can be met.

Further calculations have been made regarding both
the low and high energy buncher design parameters. It would
appear that satisfactory solutions to the buncher problems
will be found.

Detailed design of the magnetic elements is pro-
gressing satisfactorily. Drawings of quadrupoles have been
received for approval.
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2.22 Systematic Effects in the Time-of-Flight Measurement of

Stopping Powers

D. Ward and H.R. Andrews with W.N. Lennard, D. Phillips
and I.V. Mitchell (Solid State Science Branch)

In PR-CMa-54; AECL-7156 we reported a preliminary
analysis on the sample thickness dependence of stopping powers
of gold and carbon foils for 20ue an<j 40&r ions. Although
these data appeared to be self-consistent and reproducible at
about the 3% level, and substantiated the sample thickness
dependence suggested by our earlier work (D. Ward et al - Can.
Journal of Physics 51_ (1979) 645) there is a singular discre-
pancy of about 20% between the absolute values (see Table
2.22.1) obtained for the stopping power of gold for 20ue ions
in the two series of experiments, hereafter identified as
(1978) and (1980). We have performed tests and further
experiments to uncover the reason for this discrepancy,
focussing on the differences in geometry and in signal pro-
cessing that evolved between (1978) and (1980).

We have varied separately the thickness, tilt-angle,
and size of both the start and stop timing foils and the
polarity of electrical bias on them. For 20Ne ions, the
results of these tests can be readily summarized. We found
that all 23 values measured for Ne ion energy loss at
v/vo=0.85 in the foil Au No.l (81 ± 1 yg/cm2)

p, and repre-
senting many different choices of the experimental parameters,
were within 3% of the previously adopted 1980 determination,
and similarly for 21 measurements in the foil Au No.2
(130 pg/cm 2) and for 14 measurements on C NO.13 (13.7 ygm/cm~2)
Less extensive results for ^O^r ions were equally reyroducible.
The agreement between all (1980) measurements is excsllent and
to date no variation of the experimental conditions, including
those simulating the (1978) mode, has resulted in stopping
power changes of a magnitude comparable to the discrepancy
noted above for Ne in Au.

For 4ne ions we found an unexpected sensitivity to
both the geometrical and electrical configurations. The
apparent energy loss for ^Ee ions at 700 keV, in the foils
mentioned, increased by 6.5% ± 1.5% in changing the tilt of
the stop channel plate timing foil from 0° (1980 geometry)
to 45° (1978 geometry). Further, the apparent energy loss
was found to be 2.5% ± 1% higher with ground potential on the
foils (1980) compared with negative electrical bias (1978).
We also found that changing the tilt angle of the start
detector timing foil to view electrons from the ion exit



side (1978) rather than the ion entry side (1980) caused the
apparent energy loss for ^He ions to decrease by 5% ± 1% for
all the samples tested.

The higher sensitivity of the energy loss measure-
ments for ^He ions compared with 20ue may be associated with
the smaller absolute time shifts involved (typically 8 ns vs.
50 ns). A number of factors which could account for systematic
errors in the performance of the apparatus have been considered,
for example differences in the response time of the start and
stop detectors. The intrinsic response time is determined
by the transit time of electrons from the foil to the
front surface of the channel plate. This is estimated to be
2.2 ns with a variation of "« 0.2 ns between nominally identical
systems. A further delay arises in the processing of the out-
put pulse in the timing discriminator. The dependence of the
timing signal on pulse amplitude from one system to another
is expected to be appreciably less than the measured rise
time, 5 ns. The response time difference for the systems used
in (1980) has been measured as less than 1 ns in test experi-
ments with an 24lAm source. On a typical flight time of
^ 2fiO ns for 4He ions a 1 ns timing difference would introduce
an error of ^ 1% in the energy loss determination.

Another possible influencing factor is scattering
from the walls of the vacuum chamber, however, through better
collimation the scattered flux was found to be of negligible
consequence.

Since the thicknesses of foils used in the heavy ion
stopping power measurements were determined by u- ion energy
losses in the same time-of-flight spectrometer, the differences
in (1978) and (1980) values identified in Table 1 could be
assigned to errors in the He ion loss values. The one
exception is the Ne in Au case, as noted above. Until the
variation in He energy loss values is understood we must allow
an additional ^ 6% uncertainty in the absolute values published
for the heavy ion stopping powers (1978). A proper under-
standing of these problems is important not only to the
stopping power studies but also to particle identification
schemes based upon time-of-flight measurement with channel
plates. Further clarifying experiments are underway.
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Table 2.22.1

1980 Stopping Powers/1978 Stopping Powers

Stopping Material
Projectile Carbon Aluminum Nickel Gold

1.04

1.06 1.20

1.06

Ratio of stopping power value for N,Ne, and Ar ions
in various materials determined in 1980 to the value
published by Ward et al., 1978. The results are for
the common velocity v/vo = 0.9. The precision is
believed to be <+3%.

2.23 Radioisotope Dating with the MP Tandem Accelerator

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

, A five day run was carried out in October with
the dual purposes of measuring unknown samples from the
hydrology program and elsewhere, and determining the origin
of the l^C background. Because of the latter the system
was set up and optimized with the NBS oxalic acid instead
of an enriched l^C sample. During the course of the run
there was some evidence for instability associated with the
beam profile monitor stabilization system. This is possible
since the electronics associated with the monitor were not
intended for such an exacting application. An improved
stabilization system involving retractible slits is planned
for the next experiments.

The results for several unknown samples are
summarized in Table 2.23.1. The ages quoted are nominal
in that they are calculated relative to oxalic acid assuming
it to be 105% modern and a l^C mean life of 8266 years.
The expected age of the mortar sample is about 2000 years
and the low ^C content implies contamination of the mortar
with non-reacted limestone from the quick-lime fabrication
process. The mammoth tooth is one of several found in
a North Sea fisherman's net.
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The average background was slightly higher than
previous runs corresponding to an age of about 35000 years.
Towards the end of the run an A£ cone was inserted in the
UNIS source and this produced a ^C~ beam of about 5 nA.
The absolute yield of 14C in this case was such as to give
the observed background. Analysis of this spurious beam

Table 2.23.1

14Summary of C Results

SAMPLE AGE*(years)

Stripa-43-8 (ground water carbonate) 14200 + 1000

Stripa-59-1 (ground water carbonate) 23100 ± 2000

WN4 (WNRE fracture calcite) <v modern

EA-77-C1 (CRNL fracture calcite) ^ 4 0000

WN-1-1364 (ground water carbonate) 4000 ± 700

WN-1-1500 (ground water carbonate) ^ 900

Mammoth Tooth 13550 ± 1000

Mayan Limestone Mortar 12000 ± 850

* Effective ages calculated assuming C mean life of
8622 years and NBS oxalic acid to be 105% modern.
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showed that its 14C/12C ratio was about 50% modern. It is
believed that this material comes from residual hydrocarbons
in the vacuum that are cracked on to the sample surface by
the Cs ion beam. At present it is not known whether any of
the observed l^C has been generated by nuclear reactions
in the accelerator or whether it is contamination of surfaces
by contemporary hydrocarbons. A liquid nitrogen trap will
be installed near the source cone in an effort to reduce
these effects.

The importance of intftisample contamination was
checked by placing unirradiated and irradiated ( "" 200 times
modern) graphite samples in adjacent positions. After 1/2
hour of exposure of the irradiated sample to the Cs ion beain,
the background level determined from the adjacent cone was
equal within statistical errors to the average throughout
the run. This is a very encouraging result.

A new high voltage supply for the velocity filter
has been completed and tested. In the absence of beam,
stable operation up to at least ±12 kV was obtained. Previous
experiments have been power supply limited at ±6 kV. Water
cooled Cu plates are being fabricated to improve the cooling
of the velocity filter magnets - the increased magnet
currents so permitted is yet to be determined.

2.24 Target Preparation Laboratory

J.L. Gallant and P. Dmytrenko

Ethylene Cracking Apparatus for the Preparation of C Films

In addition to normal target preparation, a
miniature ethylene cracking apparatus was constructed to
look into the feasibility of preparing thin carbon-14 films
by the glow discharge method.

A total of 220 cracked ethylene stripper foils
was prepared and installed in the terminal of the tandem.
Sixty stripper foils were prepared for the high energy
stripping station.

Work done for other Branches

Silicon and gold films were prepared and
gallium arsenide crystals coated with 15 and 20 pg/cm2 films
of niobium for the Solid State Science Branch.
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Carbon Stripper Foil Tests

A quantity of stripper foils was prepared and
shipped to Argonne National Laboratory where they will be
compared with foils from Heidelberg, Munich, Daresbury
and Argonne.

Work done for Universities

Thin, depleted uranium-238 targets were prepared
for Dr. Sample of TRIUMF at the University of British
Columbia.

25 A Measurement of the Hydrogen Content of Cracked Ethylene
Carbon Stripper Foils

G.C. Ball, J.S. Forster and J.L. Gallant

Recently, Tait et al. (Nucl. Instr. and Meth.
176 (1980) 433) have determined by elastic scattering of
25 MeV a particles that the cracked ethylene films prepared
at Daresbury contain ^ 30-40 atomic percentage hydrogen.^
Previously an elemental analysis (J.P. Labrie, Universite
de Montreal, Private Communication) of similar films pre-
pared at Chalk River indicated an atomic percentage of
hydrogen less than 3%; in this case 30 MeV ^ Ca ions were
used to determine they hydrogen content. In view of this
discrepancy we decided to remeasure the hydrogen content of
both types of foils by the Daresbury method. A 30 MeV 3He
beam bombarded thin carbon foils and ^Ue ions scattered at
a lab angle of 19.2° were detected by a AE-E counter tele-
scope in coincidence with recoil protons observed in a
second AE-E counter telescope positioned at 4 0°. Singles
^He spectra were also obtained simultaneously at 19.2°.
Absolute carbon and hydrogen thicknesses were determined
relative to a weighed 280 jjg/cm^ polyethylene standard.

The results are summarized in Table 2.25.1.
Measurements were made at low ( 'v 3 nA) and high (% 400 nA)
beam currents. Those foils that contained a zapon or
formvar layer showed a marked decrease in both the carbon
and hydrogen thickness after irradiation at high beam
currents. However, the atomic percentage of hydrogen
remained roughly constant. Both the CRNL and the Daresbury
cracked ethylene foils showed high hydrogen contents in
agreement with the measurements of Tait et al. Carbon foils
prepared by electron bombardment were found to contain a
small (̂  3-7 atomic percentage) amount of hydrogen probably
resulting from residual adenine used as a parting agent in
the preparation of these foils, in view of these results,
the measurements made by Labrie et al. will be repeated.
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Table 2.25.1

Elemental Analysis of Carbon Films

Sample Type D e t a i l s

LOW CURRENT (3-4 nft) HIGH CURRENT (300-400 nA)
12 12

C Atomic % C Atomic %
(yg/cm2) Hydrogen (yg/cm2) Hydrogen

1) Cracked
Ethylene

3) E l e c t r o n
Bombardment

CRNL 10 Ug/cnT . .
wi thBUg/cm 2 1 8 . 9 ± 2 . 1 ' 41.8 + 4 .7 12.9 + 1.3 3 9 . 8 ± 4 . 0
Zapon

CRNL 10 yg/cm2 21.7±2.3 27.0 + 3.1 21.1±2.1 28.8 + 2.9
mounted double

Daresbury with
Formvar

AECL 10 Ug/cm
AECL 20 yg/cm2

19.1 + 2.1 39.6 + 4.3

20.0±2.0 30.1 + 3.0

15.2 + 1.5 38.1 + 3,8

10.9 ±1.1 6.9 + 0.7

30.1±3.0 3.5±0.4

The errors in the absolute C content include a ±10% uncertainty in the

b)

polyethylene standard target thickness.

The errors in the atomic percentage of hydrogen include an estimated 4% error
in the atomic percentage of hydrogen in the polyethylene standard
(i.e. 66.7 + 2.7 atomic % ) .

2.26 Dual Tracking Power Supply

J.P.D. O'Dacre and E.C. Waito

A dual tracking power supply has been constructed,
tested and installed as part of a Wien filter for use in car-
bon dating experiments. Consisting of two opposite polarity
sources of 0-15 kilovolts DC it has a trimming range of ±1.5
kilovolts for balancing. Changes of +10% on the input AC line
produce less than .01% change on either output. Local and
remote control have been provided.

The first of five solid state current microaitimeters
(replacements for early commercial units) have been installed.
The replacement has a completely guarded and floating front
end which permits use at up to 1500 volts off ground. The
current range of 15 steps from 1 x 10~3 to 3 x lO"1^ DC
amperes is provided and could be extended in both directions
if required. Input polarity can be of either sign and both
fixed and variable output voltages are available for driving
recorders or beam diagnostic displays.
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2.27 MP Tandem Operation

J.C.D. Milton

The MP tandem availability was noticeably improved
this quarter with the lowest unscheduled down time ever
recorded. (The next lowest was 6.7% in 1969.) The
scheduled down time includes 9 days of the 14 day Christinas
shutdown. The tank was entered twice, once to reload the
stripper foil changer, once to repair a pressure sensitive
leak in the accelerating tubes. It has been determined
that in-tank maintenance is by far the largest contributor
to accelerator unavailability.

Thirteen experiments were run during the quarter
involving CRNL and 11 visiting scientists. The visitors
participated in experiments occupying 92% of the available
experimental time and during which they provided 44% of
the effort.

MP Tandem Availability 1 October - 31 December

Hours %

Beam Available 137 9 6 2.4
Scheduled Shutdowns 684 31.0

, Unscheduled Shutdowns 145 6.6
T O T A L 2208 100 .0

2.28 Multiplexers for the SCC Control System

R.L. Graham, R.B. Walker and L.D. Hansen (Mathematics and
Computation Branch)

A system for controlling and handling signals
from Faraday cups, motor-driven slits and beam-profile
monitors in the superconducting cyclotron (SCC) complex is
being investigated. In 1980 June, it was recommended that
the CRNL approach should be patterned on that developed
for the VICKSI project at the Hahn-Meitner-Institut (HMI)
since their software is available to us and two pieces of
VICKSI designed diagnostic equipment had already been
purchased and installed on the MP tandem beam line.

A two week visit to HMI during November was very
successful. Through the generous cooperation of Drs. W.
Busse, K. Ziegler, R. Michaelsen, T. Friese and others we
were able to assess the functioning of their system in
some detail and to obtain most (if not all) of the avail-
able documentation (about 800 pages) and about 160
photographs. Two of us (R.L. Graham and R.B. Walker)



- 34 -

also visited Danfysik, near Copenhagen, which has been
licensed to manufacture the VICKSI designed diagnostic
equipment and associated electronics. This material is now
being assessed.

2.29 Calibration of the VIP10 Ge(Li) Spectrometer

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

94Monthly tests with sources of Nb have shown
that the response of our VIP10 Ge(Li) detector for y-rays
with energies in the 700-900 keV region has remained stable
since September 1978,when it was found that by increasing
the applied voltage, unwanted satellite peaks could be
suppressed (PR-P-120: 2.31; AECL-6452). Since then we have
accumulated data for the detector efficiency at two fixed
geometries with many of our radionuclide standards, several
of which were registered in the international reference
system. These two sets of data recently have been fitted
with the relationship, e = aE~b, whera e is efficiency and E
is energy. At a distance of 10 cm from the detector the
efficiency ranged from 0.2'o to 0.03% over the energy region
300 to 2800 keV. The relative deviations between the
individual observations and the fitted values for these data
ranged from -0.6 to 1.0%; similar deviations were observed
for the other geometry. Plots of these deviations versus

, y-ray energy show that they are not randomly distributed.
These plots are used to correct the values deduced from the
fits, thereby improving the accuracy of our Ge(Li) spectro-
metry, as was suggested by K. Debertin from the ICRM study
on y-ray spectrometry with 152EU (Nucl. Instr. and Meth.
158 (1979) 479) .

2.30 Half-life of 6°co

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

We have now coordinated the results from our 4TTY
ion.lzation chamber (IC) with the results from two sets of
4TT3—Y coincidence experiments. We calculate the half-life
of 60co to be 1924.37 + 0.22 days, where the error is one
standard deviation in the weighted mean. A total of eleven
sources from four different series was used in the IC
measurements. For the 4TT(S-Y coincidence experiments nine
sources were prepared from one solution and six sources
from a different solution. Data for each group and the
weighted mean are given in Table 2.30.1.

We have no reason to suspect error from impurities
in any of these samples. Most were preparsd from chemically
purified stocks and no y rays other than those from 6®
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Table 2.30.1

Half-Liie of 60Co

No.
of

Method Cases

No.
of

Points

No. of
Half-lives
Followed (days)

Internal
Error

External
Error

IC

4/,'3-Y

4

9

6

49 ^148
340

110

0.

2.

86

87

0

-* 3.
+ 3.

.83

45

20

1924.

1924.

1925.

66

27

33

±.12

±. 09

+ .29

±

+

+

.65

.13

.40

WEIGHTED MEAN 1924.37 + .12 ±.22

2.31

were detected by Y-ray spectrometry in any of the series.
The agreement between the IC and 4TT |3—Y measurements is
further evidence of the purity, as the half-life values
from these two methods would be affected differently by
impurities.

The IC data were collected up until February of
this year at which time the apparatus was dismantled for
the changeover to an automatic sample changing device
(PR-P-126: 3.25; AECL-6956). This is 2iow in operation
and we are continuing measurements on one series of three
sources in order to allow us to correlate the old and new
systems, if practicable. In addition, we have begun to
follow the decay of a new series from our recent (1980)
standard of 6 0Co.

Coincidence data up until July 1980 are included
in this survey. These experiments are also continuing.

A complete report on our Co half-life
experiments is being prepared.

8 9
Y-ray Emission in the Decay of Sr

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

With the improved calibration of our Ge(Li) Y~ray
spectrometer (section 2.29 of this report), which includes
a calibration point at 889.3 keV from 46gCf we have recal-
culated our data for 8 9Sr (PR-P-127: 2.31; AECL-7102).
Our final value for the probability of 909.2 keV y-ray
emission is (9.61 + 0.16) x 1O"53, where the uncertainty
is given at the 95% confidence level.
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2.32 First Use of Cur Automatic Sample Changer for the 4TTY
Ionization Chamber

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

19 8
The standardization of Au for TRIUMF in

December was the first for which the new automatic sample
changer of our 4iry ionization chamber (4ir IC) was used
(PR-P-125: 3.25 and 3.26, AECL-6956; PR-P-126: 3.26,
AECL-7055; PR-P-127: 3.25, AECL-7102). In conjunction with
this, the 4tr IC was recalibrated for 198AU with a solution
for which the activity concentration had been measured by
4ir3-y coincidence counting. Work on calibration with
standards of other radionuclides will continue as they
become available. With the new sample changer much more
data can be accumulated than previously was practicable,
thereby increasing the precision. Furthermore the ability
to take round-the-clock measurements is advantageous for
following the decay of short-lived radionuclides, such as
those currently favoured in nuclear medicine.

2.33 Standards Issued

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

1
1
1
2
1
1
2
3
2
1
1

57Co
64Cu

- 133Ba

24lAm
244cm

TRIUMF
TRIUMF
Reactor Control Branch
Nuclear Physics Branch, TRIUMF
Reactor Control Branch
Medical Research Branch
Nuclear Physics Branch, TRIUMF
Health Physics, Nuclear Physics, TRIUMF
Environmental Research Branch, TRIUMF
Nuclear Physics Branch
Medical Research Branch

94,94
In addition, sources of Nb, which were

calibrated with our Ge(Li) spectrometer, were sent to
National Physical Laboratory (Teddington), The Radiochemical
Centre (Amersham) and Eidg. Institut fur Reaktorforschung
(Switzerland).

2.34 Miscellaneous Services

J.S. Merritt

99 Sources of
Mo production plant at CRNL.

Cs and Eu were prepared for the
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14
2.35 Accelerator Measurement of C

R.M. Brown with H.R. Andrews, G.C. Ball, W.G. Davies,
J.C.D. Milton and Y. Imahori

See PR-HS-6: 3.15; AECL-7232

2.36 Laser Magnetic Resonance

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

See PR-CMa-55: 3.2.4; AECL-7242

2.37 Channeling Measurements of Mosaic Spread in Epitaxially
Grown Mo Crystals

M.L. Swanson, J.S. Forster, L.M. Howe, A.F. Quenneville
in collaboration with K. Reichelt and J. Chevallier
(KFA Jiilich)

See PR-CMa-55: 1.4.6; AECL-7242

2.38 Publications and Lectures

a) Publications

BETA DECAY AND STRENGTH DISTRIBUTIONS
J.C. Hardy
AECL-7013, 1980

J

PREPARING OF TARGETS FOK MEASURING g-FACTORS OF ISOMERIC
•j n c O *3 Q

STATES AND FOR FISSION STUDIES OF MUONIC U AND U
J.L. Gallant, D.J. Yaraskavitch and N.C. Bray
Nuclear Instruments and Methods 167 (1979) 55-59

g-FACTORS OF HIGH-SPIN STATES I'l 160Dy AND 1 7 0' 1 7 4Yb
MEASURED BY THE TRANSIENT MAGNETIC FIELD INTERACTION
H.R. Andrews, o. Hausser, D. Ward, P. Taras, N. Rud, B. Haas,
R.M. Diamond, D. Fossan, H. Kluge, M. Nieman, C. Roulet
and F.S. Stephens
Physical Review Letters £5 (1980) 1835

g-FACTORS FOR 1 7 2' 1 7 3' 1 7 4' 1 7 8Hf K-Isomers
P.M. Walker, D. Ward, 0. Hausser, H.R. Andrews, T. Faestermcnn
Nuclear Physics A349 (1980) 1

ELECTRIC QUADRUPOLE MOMENTS OF THE FIRST EXCITED STATES

OF 28Si, 32S AND 3 4S
G.C. Ball, 0. Hausser, T.K. Alexander, W.G. Davies,
J.S. Forster, I.V. Mitchell, J.R. Beene and D. Horn
Nuclear Physics A349 (1980) 271
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THE ELECTRIC FIELD GRADIENT FOR Gd IN GADOLINIUM METAL
0. Hausser, D. Ward, T.K. Alexander, H.R. Andrews,
W.J.L. Buyers, H.-E. Mahnke, J.F. Sharpey-Schafer,
P. Skensved, M.L. Swanson and P. Taras

b) Lectures

PARITY VIOLATION MEASUREMENTS IN LIGHT NUCLEI
A.B. McDonald
Seminar presented at the Universite de Montreal, 1980
October 09.

The following papers were presented at the International
Nuclear Target Development Society in Gatlinburg,
Tennessee, 1980 October 12-16:

TARGETS WITH THIN FERROMAGNETIC LAYERS FOR TRANSIENT FIELD
EXPERIMENTS
J.L. Gallant and P. Dmytrenko

A SIMPLE ETHYLENE CRACKING APPARATUS
J.L. Gallant and P. Dmytrenko

A SIMPLE ETHYLENE CRACKING APPARATUS FOR THE PREPARATION
OF CARBON FILMS
J.L. Gallant

RADIOISOTOPE DATING WITH ACCELERATORS
H.R. Andrews
Seminar presented at the Earth Sciences Department of the
University of Waterloo, 1980 October 20.

RECENT DEVELOPMENTS IN DOPPLER SHIFT ATTENUATION MEASUREMENTS
IN TKE 1-10 fs LIFETIME REGION
G.C. Ball
Talk given at McGill University, Montreal, 1980 October 21.

PARITY VIOLATION MEASUREMENTS: TESTS OF THE ELECTkJWEAK
INTERACTION
A.B. McDonald
Seminar presented at Dalhi> sie University, Halifax,
Nova Scotia, 198 0 November 07.

RADIOISOTOPE DATING WITH ACCELERATORS
H.R. Andrews
Talk given at the Universite ds Montreal, 1980 December 03.
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NEUTRON AND SOLID STATE PHYSICS BRANCH

G. Dolling

3.1 Staff

3.2 Lattice Vibrations in Mercury Selenide.

3.3 Structure and Dynamics of solid 3-N2

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

3.5 Phase Transition in UPd3
3.6 Transverse Magnetic Response in CsCoBr3

3.7 Magnetic Correlations in MnxZni_xTe

3.8 Vacancies in the Order-Disorder Alloy FeCo by
Positron Annihilation

3.9 High Resolution Measurements of the Photofission
Spectrum of 232Th near Threshold

3.10 N4 - External Thermal Neutron Beam

3.11 Radiative Thermal Neutron Capture in 13C

3.12 Reactor Beam Hole Use

3.13 Status of Equipment Construction

3.14 Carbon Trace Impurities in CdTe

3.15 Fast Furnace for Atomic Absorption Spectrometry

3.16 Determination of Trace Impurities in CdTe by Atomic
Absorption Spectrometry

3.17 Ion-Chamber Sample Changer

3.18 Miscellaneous Services

3.19 Glassblowing Services

3.20 Machine Shop Services

3.21 Parity Violation in the Photodisintegration of
Deuterium

3.22 Measurement of the Multipolarity of the 89 keV
Transition from the Parity Doublet in 21Ne

3.23 The Decay of 71Br
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3.24 A 0.8 s Isdmer in 72Br

3.25 Precision Mass Measurements

3.26 Search for a-Decay of 162Hf

3.27 Mass Difference Measurements with the Isotope Separator

3.28 Ion Source Development for the On-Line Separator

3.29 Isotope Separator Operation

3.30 Neutron Diffraction in the Plastic Phases of SF6 and

3.31 Neutron Quasi-elastic Scattering in Aqueous Solutions

3.32 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
B.M. Powell
E.C. Svensson

SECTION II

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

Earle
Lone

SECTION III

J*G.V. Taylor
H. Schmeing

GLASSBLOWING

J.G. Wesanko

DESIGN

W. McAlpin
J. Dunn (3)

BRANCH HEAD: G. Dolling

Technical Staff

SOLID STATE PHYSICS

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

NEUTRON NUCLEAR PHYSICS

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

COUNTER DEVELOPMENT

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

Summer Staff

S.P. Watkins (1)

WORKSHOPS

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

Spenceley
Whitlock

SECRETARIAL STAFF

D.M. Mitchell (2)
S.G. Lusk (4)

(1) Queen's University Student; left November 28
(2) Branch Secretary on Maternity Leave until February 13.
(3) Seconded from Design and Technical Service Branch
(4) Temporary Secretary
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3.2 Lattice Vibrations in Mercury Selenide
T.M. Holdan and G. Dolling with J. Furdyna 'Purdue
University)

Mercury selenide (HgSe) crystallizes in the
zinc-blende structure and is a zero band-gap semicon-
ductor. Measurements of the lattice vibrations have
been carried out using the recently reconstructed C5
triple-axis crystal spectrometer with a (113)Ge mono-
chromator and a (111) Cu analyser. To minimize the
effect of the high absorption cross section of Hg (376
barn at 25 meV), the cylindrical crystal was cut into 4
slices each approximately 2 mm thick. These were
independently aligned with the [110] axes of the crys-
tals perpendicular to the scattering plane. To
decrease the absorption cross section, rather high val-
ues of scattered neutron energy E1=25-30 meV were
employed.

In the [00^] direction the TA (A5) mode rises
to a maximum frequency of 0.72±0.06 THz at c=0.6, and
falls to 0.40±0.05 THz at the zone boundary, £=1.0.
The LA mode in this direction rises to a maximum freq-
uency of 2.8±0.1 THz. The frequencies of the acoustic
modes are generally about 10% higher than the frequen-
cies of the sister compound HgTe studied recently (Kepa
et al 1980 S.S. Comm _3_4/ 211). According to optical
measurements the TO and LO frequencies at ?=0 are 3.9 6
and 5.04 THz respectively. Preliminary neutron meas-
urements confirm the TO frequency but the intensity is
very weak.

3.3 Structure and Dynamics of Solid g-N^
H~. Niemai., ". Dolling and B.M. Powell

The investigation of the structure and the
dynamical excitations in the plastic solid 6-N2 have
been continued (PR-P-124: 3.8, AECL-6788). A single
crystal of 0-N2 was grown in the high pressure crystal
growth cryostat and maintained at 55 K under a pressure of
4x 105 kPa for a period of more than 2 months. Two
important scattering planes are accessible, containing
(hOjj) and (hlu) reciprocal lattice points respect-
ively. Integrated intensities of the Bragg reflections
in the (h0£) plane were measured in all four quadrants
and in the (hh«> plane in the single physically acces-
sible quadrant. The weak intensities of very high
index reflections (e.g. (108), (306)) were measured,
which data should allow the determination of the higher
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order harmonic coefficients specifying the details of
the molecular structure. This structural analysis is
in progress.

The frequencies of translational phonons propa-
gating along the A, 2 and T directions have been meas-
ured. Only low wave-vector acoustic phonons are well-
defined. Phonons with wave vectors near the zone boun-
dary are very broad for all three directions. The fre-
quency of the LA and TA modes at the zone boundary
point A are 1.75±0.05 and 0.54+0.05 THz respectively,
as compared with 1.21 and 0.45 THz at zero pressure.
At the r point, the L.0 mode has a frequency
2.83±0.05 THz whereas a well-defined TO mode has not
yet been observed. As expected, the librational phon-
ons proved very difficult to observe and experiments to
search for these excitations are continuing.

3.4 Temperature Dependence of S(Q) for Liquid **He
E.C. Svensson

In the previous quarter (see PR-P-127: 3.8;
AECL-7102) we reported the observation of a surprising
discontinuity in the total neutron scattering, I(cj>), by
liquid ''He near T^ (2.172 K) for a scattering angle
<f>=16.1° which corresponds to Q=2.04 A"1*, the position

, of the principal peak in the static structure factor
S(Q). In a further study, carried out using the L3
spectrometer, 1(16.1°) has been determined at 50 dif-
ferent temperatures, and 1(14.7°), 1(18.2°) and
1(59.55°) at 34 different temperatures each. The
measurements covered the range 1.016< T<4.235 K with
particular emphasis on the region near TA, and the
statistical accuracy varied between 0.06% and 0.36%.
For each $, a discontinuity of about 1.6% in I(<j>) was
observed near T^. There was also hysteresis behav-
iour with the discontinuity occurring at a temperature
(as determined by the vapor pressure above the "*He
bath) of about 6 mK below T^ on cooling, but within
2 mK of TA on warming.

These results, particularly those for
1(59.55°), indicate that the discontinuity is caused by
a sudden change in density, probably attributable to
the violent boiling that occurs in liquid "*He at temp-
eratures just above T^. At cj>=59.55° (i.e.
Q=6.88 A ) S(Q) has effectively reached its asymptotic
value of unity; 1(59.55°) would thus be expected to
vary simply as the density. Indeed, between 2.166 and

*1 A = 0.1 nm



4.235 K we observe a change of 17.3%, exactly the same
as the change in density. In contrast 1(16.1°) changes
by 27.8% in this region, and 1(14.7°) and 1(18.2°) by
19.1% and 20.1%, respectively. In the region
1.016-2.166 K, 1(59.55°) and 1(18.2°) change by the
same amount as the density (0.7%) but 1(14.7°) changes
by 2.4% and 1(16.1°) by 4.5%. The principal peak of
S(Q) thus steadily increases in height and sharpens as
one approaches T^ from both sides.

We have also determined I(<j)) for 13<<|><20° in
0.1° steps at 14 different temperatures (with a statis-
tical precision of about 0.6% on the peak count) in
order to determine accurately how the position and
shape of the top part of the main peak of S(Q) vary
with temperature. I(<{>) was also determined over the
range 4̂ <|>̂ 104° at 11 different temperatures at somewhat
lower statistical precision so that the results of the
present study can be compared in detail with those
obtained earlier under different resolution conditions
(PR-P-120: 3.9, AECL-6452; PR-P-121: 3.8, AECL-6530;
PR-P-127: 3.8, AECL-7102). In collaboration with V.P.
Sears, these results will be analysed to obtain S(Q)
and the pair correlation function g(r).

3.5 Phase Transition in
' W.J.L. Buyers

The structural phase transition at
TQ1=6.45 K, identified earlier (PR-P-127: 3.13,
AECL-7102) as.involving the condensation of the
quadrupoles 02 at the uranium sites, arises because of
the divergence of an excited state quadrupolar
susceptibility. As the crystal is cooled, this
quadrupolar contribution decreases, leaving as T + 0
only a smaller inter-level contribution to the
susceptibility. For a sufficiently small value of the
coupling parameter it is found that a second phase
transition is possible at TQ2 < TQI in which the
long-range quadrujolar order again disappears.

3.6 Transverse Magnetic Response in CsCoBr^
W.J.L. Buyers, with S. Nagler (University of Toronto)

Measurements have been made of the spin-wave
spectrum in the anisotropic quasi one-dimensional
antiferromagnet CsCoBr3 (whose 3-D Neel temperature is
25 K) with the N5 triple axis spectrometer. As for
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CsCoCl3 (PR-P-125: 3.13, AECL-6956) the iineshape at
the zone centre is asymmetrical with a tail to high
frequencies. The phonons in the bromide play an even
more important role than in the chloride, with peaks
occurring just below and just above the peak of the
magnetic response. It again appears that the theory of
Ishimura and Shiba significantly underestimates the
spectral weight in the region of the peak of the neut-
ron scattering.

3.7 Magnetic Correlations in MnxZn-|_xTe
T.M. Holden and G. Dolling with J. Furdyna (Purdue Uni-
versity)

The study of magnetic correlations in
MnxZni_xTe alloys previously reported (PR-P-127:
3.10, AECL-7102) was continued and experiments were
carried out on samples of Mn,68Zn.32 Te and
Mn. 3 76Zn. 62i,Te between 300 and 2.1 K. In each case, as
the temperature was lowered, strongly Q-dependent mag-
netic diffuse scattering was observed with a broad
intense peak near a wavevector corresponding to the
(l,kiO) reciprocal lattice point. The peak intensity
also increased with Mn concentration.

A theory of the magnetic diffuse scattering for
• this type of alloy has been developed by V.F. Sears

(PR-P-128: 4.5) which provides a good description of
many of the results. We find that the Mn spin is
2.3+0.3, and that the spin correlations for 4.2 K and
x=0.376 follow the same sign sequence as for the type
III antiferromagnetic structure, out to five shells of
neighbours. Complete long range magnetic order was not
observed for any concentration or temperature.

3.8 Vacancies in the Order-Disorder Alloy FeCo by Positron
Annihilation
S.M. Kim

The temperature dependence of the positron
annihilation peak coincidence rate in FeCo has been
measured between 20° and 950°C. FeCo is a bcc order-
disorder alloy having a transition temperature
Tc=730°C and activation energy of self-diffusion,
Q=1.2 eV in the disordered phase, very similar to those
in B-brass. It would therefore be expected that posi-
tron trapping and saturation would occur between 200°C
and 400°C, as in the case of B-brass (Phys. Rev. Let-
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ters, 1980, 4S_, 383). Preliminary results, however,
show an entirely different behaviour. No positron
trapping was observed until about 650°C, indicating
that the vacancy formation energy is larger than the
activation energy of self-diffusion. It appears that
the vacancy properties in FeCo are anomalous and/or
that diffusion in this alloy occurs by a mechanism
other than the usual monovacancy or divacancy mecha-
nism.

3.9 High Resolution Measurements of the Photofission
Excitation Functions of 232Th Near Threshold
J.W. Knowles, W.F. Mills and R.N. King with T.E. Drake,
R. Sobie and L. Watt (University of Toronto)

An improved multi-wire counter (see PR-P-126:
3.16, AECL-7055), which has a 7 times larger target
than that used previously (PR-P-125: 3.15, AECL-6956)
has been used to measure the photofission excitation
functions of 232Th between 4.9 and 6.7 MeV with a
resolution of about 12 keV. These measurements, made
with the Chalk River bremsstrahlung monochromator at
the University of Illinois, confirm the previous
observation of three distinct plateaus between 5.3 and
6.7 MeV and in addition show that the lowest plateau
extends down to at least 4.9 MeV. On the lowest
plateau are observed for the first time three

' well-resolved peaks of comparable intensity at 5.49,
5.59 and 5.70 MeV, together with a number of less
pronounced peaks below 5.40 MeV. The regular structure
observed on this plateau and on the second plateau can
be interpreted by postulating quasi-stable states in
the second and third wells of the nuclear potential
describing the fission process (PR-P-126: 3.15,
AECL-7055) .

3.10 N4 - External Thermal Neutron Beam
M.A. Lone and W.M. Inglis

Technical problems with the high resolution Ge
detector have been solved and we are resuming
measurements of y-ray transitions from radiative
thermal neutron capture in Pb, Si and other nuclei.
One of the objectives is to determine any for tests
of the Lane-Lynn theory of the direct neutron capture
mechanism (Lane and Lynn, Nucl. Phys. 17 (1961) 563).



- 47 -

3.11

The program to measure the low energy y-ray
transitions from natural elements for revision of the
Y-ray catalogue (PR-P-126: 3.20, AECL-7055; PR-P-127:
3.20, AECL-7102) has been delayed because of the
unavailability of the high resolution Ge detector.

Radiative Thermal Neutron Capture in 13C
M.A. Lone with B.C. Robertson (Queen's University)

Gamma rays from the 13C(n,y) llfC reaction were
measured at the N4 - external thermal neutron facility
at NRO. The 99.73% enriched 13C powder sample was
placed in a thin deuterated polyethylene target holder
(J.L. Gallant and M.A. Lone, Nucl. Instr. & Meth. 172
(1980) 501) which produced negligible background.
Preliminary runs with the 13C target showed chlorine
contaminant in the sample. This was subsequently
reduced by repeated washing and boiling the sample in
de-ionized water.

The observed y-ray energies, their branching
ratios, and decay modes are given in Table 1. The
cross section for radiative thermal neutron capture in
I3C was also determined relative to that of 12C using a
natural carbon sample (PR-P-123: 3.20, AECL-6680).
ratio of the two cross sections is found to be

The

Gamma-Rays

Ey(keV)

(observed)

8173.92

6092.4±0.

2082.6+0.

1586.8±0.

1273.9±0.

808.9+0.

495.4+0.

2

3

2

2

2

3

Wl3°)/any

from l"C

84.0+2

16.3±0

2.5±0

8.5±0

4.9 + 1

3.6±0

8.0 + 0

TABLE 3
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E2(J2 )

8176.48(0",1")

6093.8 (1~)

8176.48(0",1~)

8176.48(0",1")
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+ Ef(J

+ 0(0 +

* 0(0*

+ 6093
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•* 6093
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.4

.6
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.8
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(0

(0

(1
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3.12 Reactor Beam Hole Us5
W. Dolling and H. NTeman

The McMaste>; University spectrometers were
shutdown for the period, as was the C2 fast-neutron
chopper. The Guelph University spectrometer operated
for 15% of the period. Ut i l izat ion at the other
occupied beam holes was as follows:

Efficiency
(% of Available

No. of No. of Reactor
Participating Participating Operating Time

Beam No. of CBNL Non-CRNL Used for
Hole Experiments Scientists Scientists Experiments

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

1
2
3
2
1
3

1
2
4
3
1
4

2
0
1
1
0
2

80
80
41
66
20
70

Total Reactor Operating Time was 70 days.

3'. 13 Status of Equipment Construction
G. Dolling

(a) Compton spectrometer: improvements to the resolu-
tion of this spectrometer by suitable increases in
magnetic field strength are in progress; comple-
tion is expected early in 1982/83.

(b) Commissioning of the PDP-11/34 computer control
system for the C5 tr iple-axis crystal spectrometer
has progressed to the point of routine spectrom-
eter operation for neutron scattering experi-
ments. Data transmission fac i l i t i es to enable
plotting of results and data analysis at the cent-
ral s i te computers should be completed during the
next quarter.
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(c) Specifications for a one-dimensional
position-sensitive neutron detector system for
small angle neutron scattering and neutron
diffraction experiments have been finalized.
Purchase of the detector will be made as soon as
possible. The decision to acquire a
two-dimensional detector is postponed until
experience has been gained with the 1-D system.

(d) It has been decided to construct a 4-circle
diffractoineter at Chalk River as an optional
attachment to the existing triple axis
spectrometer, instead of purchasing commercially
available units. Detailed designs for thi;, are
well advanced. A modified closed-circuit "*He
refrigerator for use with the diffractometer will
be purchased at the earliest opportunity.

3.14 Carbon Trace Impurities in CdTe
H. Schmeing and L. Milani

The General Chemistry Branch analyzed six sam-
ples of 69 grade cadmium and tellurium for their carbon
content. All results show between 185 and 265 ppiti by
weight, an alarming amount which could have severe con-
sequences for our CdTe pttogram. These analyses had to
be terminated because Cd and Te vapour severely contam-

' inated the Leyco instrument used.

Consequently we built a carbon analysis system
to check the results already obtained and to continue
the series. In this system, one or two grams of the
analyte is placed in a quartz combustion chamber
filled with oxygen and preheated by a removable
furnace. The analyte oxidizes rapidly, and it is
assumed (̂ s in the Leyco process) that the carbon
present in the analyte forms CO or C02 gas. All gases
are then pumped through a furnace where any CO is
oxidized to CO2 by reduction of copper oxide. The C02
is frozen out in a liquid N2 trap, and the excess
oxygen pumped off. The amount of C02 is measured with
capacitance manometers, and its identity and purity
checked with a UTI gas analyzer.
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Our first analysis run yielded CO2 from the
analyte, but barely in excess of the CO plus CO2
observed earlier (PR-P-126: 3.27 AECL-7102) to evolve
from molten Cd and Te. This result is about two orders
of magnitude below the concentration reported from the
Leyco analyses. We have yet to demonstrate, via the
technique of standard additions, that carbon in the
analyte is indeed quantitatively released into the gas
phase, a basic assumption in both methods of analysis.

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

The exploratory work on the fast furnace sup-
ply (PR-P-127: 3.26, AECL-7102) for the Zeeman effect
Atomic Absorption Spectrometer has been concluded. We
have measured the increase in signal strength (the
noise is not affected) obtained at maximum heating rate
for several elements; 50% for Cu and Sn, 20% for Mg,
30% for Mn, 40% for Fe, and 220% for Al. These results
are in rough agreement with literature values. In
particular the result for Al agrees with several repor-
ted measurements and contradicts a single published
claim of an improvement factor more than 10. Studies
showed no significant advantage in using the time-
integrated absortance rath(er than the peak absorbance
as a measure of concentration.

The saturable reactor (used because it was on
hand) proved quite satisfactory for the sensitivity
tests, but would be inconvenient for routine use. If
it proves desirable to use fast heating on a regular
basis, a high-current transformer controlled by SCR's
should be obtained and integrated with the Hitachi
control circuitry.

3.16 Determination of Trace Impurities in CdTe by Atomic
Absorption Spect.rometry
R.J. Toone

A series of high purity Cd, Te and CdTe samp-
les has been analyzed for traces of Cu and Zn. The
first samples analyzed were in solution which limited
the mass of analyte to 10-20pg. No Cu (<0.1-0.3 ppm)
was seen in any of the samples and no Zn was found in
Cd at a similar limit of detection. At first it
appeared that a weak Zn signal was coming from Te samp-
les but this is now believed to come from a Te inter-
ference at the main Zn line at 213.8 nm. The use of
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solid samples in cup-type cuvettes increases the allow-
able sample size to 0.5-1 mg. Analysis of solid Te
samples showed a marked interference at the 213.8 nm Zn
line but none at the 307.6 nm line. This, however, is
a much weaker lir<e and gives a detection limit of only
te ppm even with solid samples. Tests are under way to
determine whether fine tuning the instrument can elimi-
nate this interference.

3.17 Ion-Chamber Sample Changer
W.F. Slater and J.G.V. Taylor

Testing was completed and the system began
routine operation under computer control during the
period. In the final program listing, comments were
added explaining all changes not in the original SPARC
library. Some revisions and additions to the hardware
documentation and work on the service manual are con-
tinuing.

3.18 Miscellaneous Services
R.J. Toone and W.F. Slater

An alumina window was drilled to close toler-
ance for Accelerator Physics Branch and a set of alum-
ina loop liners was drilled for Reactor Loops Branch.
GaAs discs were cut for Nuclear Physics Branch
(PR-P-121: 3.20, AECL-6530). A Ge(Li) well detector in
Environmental Research Branch was rehabilitated after
an accidental warm-up.

3.19 Glassblowing Services
J.G. Wesanko and M.A. Gulick

A large hydrogen catalyst test system was con-
structed for Physical Chemistry Branch. It consisted
of three water-jacketed sections connected with
"O"-ring joints and an overall height of 1.5 m. Exper-
imental entry ports were built into the centre
section. A number of quartz boats and quartz cylinders
with ground glass stoppers were made for Section I.
The cylinder walls were reduced to 0.25 mm thickness by
carefully controlled etching with hydrofluoric acid. A
series of 50 cm long quartz, pyrex and lead glass
fibres with diameters ranging from 120 to 450 pm were
pulled for a void fraction experiment in the Instrument
Development Branch. Three holding-tank headers were
built for the 99Mo processing facility.
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3.20 Machine Shop Services
A.H. Hewitt, H.C. Spenceley and K.H. Whitlock

Further machining was performed in Bldg. 459
shop on the electrostatic deflector to eliminate vacuum
leaks detected after installation of high voltage
connectors, and to provide adequate rigidity to the
deflector plates. Two containers were made to hold
lipid membrane samples. Work was resumed on the small
motorized goniometer intended for use at the E13
facility, NRX.

Work for Nuclear Physics Branch took 75% of
the Bldg. 116 shop time, the major projects being an
adjustable slit assembly for the beam transport system
and high voltage components for the on-line isotope
separator. The remaining 25% was divided among
numerous small jobs for Section III mostly for the
atomic absorption and carbon analysis systems.

3.21 Parity Violation in the Photodisintegration of
Deuterium
E.D. Earle et al.

See PR-P-128: 2.2; AECL-7234.

3v22 Measurement of the Multipolarity of the 2789 keV
Transition from the Parity Doublet in 21Ne
E.D. Earle et al.

See PR-P-128: 2.3; AECL-7234.

3.23 The Decay of 71Br
H. Schmeing et al.

See PR-P-128: 2.10 AECL-7234.

3.24 A 10.8 s Isomer in 72Br
H. Schmeing et al.

See PR-P-128: 2.11; AECL-7234.

3.25 Precision Mass Measurements
H. Schmeing et al.

See PR-P-128: 2.12; AECL-7234.



- 53 -

3.26 Search for g-Decay of 162H£
H. Schmemg et al.

See PR-P-128: 2.13; AECL-7234.

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

See PR-P-128: 2.15; AECL-7234.

3.28 Ion Source Development for the On-Line Separator
H. Schmeing et al.

See PR-P-128: 2.18; AECL-7234.

3.29 Isotope Separator Operation
H. Schmeing et al.

See PR-P-128: 2.19; AECL-7234.

3.30 Neutron Diffraction in the Plastic Phases of SFR
V.F. Sears et al. T

See PR-P-128: 4.5; AECL-7234.

3.31 Neutron Quasi-Elastic Scattering in Aqueous Solutions
' V.F. Sears et al.

See PR-P-128: 4.6; AECL-7234.

3.32 Publications and Lectures

Publications

PROTON CAPTURE BY 176Yb IN THE GIANT DIPOLE RESONANCE
REGION
E.D. Earle, B. Palsson, J. Krumlinde, I. Bergqvist, L.
Nilsson, A. Lindholm, D.C. Santry
Nuclear Physics A345 (1980) 221.

THE DECAY OF 't9Mn: FIRST RESULTS FROM THE CHALK RIVER
ON-LINE ISOTOPE SEPARATOR
E. Hagberg, J.C. Hardy, H. Schmeing, W. Perry, J.
Willis, E.T.H. Clifford, V. Koslowsky, I.S. Towner, J.
Camplan, B. Rocenbaum, R. Kirchner and H.Evans.
Proceedings of International Conference on Nuclear
Physics, Berkeley, California, 1980 August 24-30
LBL-11118, p. 148
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LOW ENERGY NEUTRON EMISSION FROM Be(d,n) AND Be(p,tl)
REACTIONS
M.A. Lone and B.C. Robertson
Symposium of Neutron Cross Sections from 10 to 50 MeV
(Eds. M.R. Bhat and S. Pearlstein) BNL. Nation. Nuclear
Data Centre
BNL Report BNL-NCS-51245 (1980) VII, p.147

PRODUCTION OF 14 MeV NEUTRONS WITH THERMAL NEUTRONS ON
6LiD
M.A. Lone, D.C. Santry and W.M. Inglis
BNL Report BNL-NCS-51245 (1980) VII p.193

SPIN CORRELATIONS NEAR THE PERCOLATION THRESHOLD IN
THREE-DIMENSIONAL ANTIFERROMAGNETS
R.A. Cowley, G. Shirane, R.J. Birgeneau, E.C. Svensson
and H.J. Guggenheim
Phys. Rev. B j!2. (1980) 4412.

EFFECT OF ORDERING ON MONOVACANCY AND DIVACANCY
FORMATION IN g-BRASS OBSERVED BY POSITRON ANNIHILATION
S.M. Kim and W.J.L. Buyers
Physical Review Letters, _45_ (1980) p.383.

SINGLE CRYSTAL FILTERS FOR NEUTRON SPECTROMETRY
H.F. Nieman, D.C. Tennant and G. Dolling
Rev. Sci. Instrum. _51 (1980) 1299.

ORIENTATIONAL DISORDER AND DIFFUSE SCATTERING IN
e-NITROGEN
B.M. Powell, H.F. Nieman and G. Dolling
Chemical Physics Letters, 1S_, (1980) p. 148.

NEUTRON DIFFRACTION STUDIES OF AMMONIUM PERRHENATE AND
AMMONIUM METAPERIODATE AT LOW TEMPERATURE
R.J.C. Brown, S.L. Segel and G. Dolling
Acta Crystall B3£ (1980) 2195

Lectures

PHYSICAL CHARACTERISTICS OF HUMAN TRANSFERRIN FROM SANS
P. Martel, S.M. Kim and B.M. Powell
5th International Conference on Small Angle Scattering,
Berlin
October 6-10, 1980
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AGREEMENT
AT LAST?
E.C. Svensson
Eastern Pall Symposium of the Division of Condensed
Matter Physics of the Canadian Association of
Physicists
Queen's University, Kingston, Ontario
November 8, 1980.

SPIN AND PHONON RESPONSE IN URANIUM COMPOUNDS
W.J.L. Buyers, A.F. Murray, J.A. Jackman, T.M. Holden,
P. de V. Du Plessis and 0. Vogt
26th Annual Conference on Magnetism and Magnetic
Materials, Dallas, Texas
November 11-14, 1980

TRANSVERSE SPIN DYNAMICS IN CsCoCl3
S.E. Nagler, W.J.L. Buyers and R.L. Armstrong
26th Annual Conference on Magnetism and Magnetic
Materials, Dallas, Texas
November 11-14, 1980

ACTINIDES AND MIXED VALENCY I
W.J.L. Buyers
Institute for Theoretical Physics, Santa Barbara,
Calif.
November 18, 1980.

ACTINIDES AND MIXED VALENCY II
W.J.L. Buyers
Institute for Theoretical Physics, Santa Barbara,
Calif.
November 25, 1980.

SOLITONS IN ONE-DIMENSIONAL ANISOTROPIC
ANTIFERROMAGNETS
W.J.L. Buyers
Institute for Theoretical Physics, Santa Barbara,
Calif.
December 1, 1980.
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4.2 Time Resolution of Neutron Fluxes in Media Following an
Instantaneous Pulse of Monoenerqetic Source Neutrons

S.A. Kushneriuk

Age theory of neutron slowing down, model cal-
culations of slowing down in hydrogenous media and results
of Monte Carlo calculations of neutron leakage out of D2O
assemblies following an instantaneous pulse of source neutrons
in the assemblies have been used in establishing an approximate
description of the time resolution of neutron fluxes in H2O,
D2O and graphite media following injection of an instantaneous
pulse of monoenergetic source neutrons. Let i|>(r,E,t) be the
flux of neutrons of energy E at position r in the medium at
time t following an instantaneous pulse of neutrons at t=0,
and let \j> (r,E) be the steady-state neutron flux due to sources
distributed similarly to the pulsed sources. From the analysis
carried out it is concluded that it is plausible to express
i(/(r,E,t) in the form

i|>(r,E,t) = Ci(i(r,E)h(t,E)

in which h(t,E) describes the time resolution of the flux
(with normalization such that /™h(t,E)dt = 1.0) and C is a
constant of proportionality relating the pulsed neutron source
strength to the strength of the sources in steady-state opera-

' tion (C = 1.0 when the source strength in the pulse is equal
to the total source emissions in Is of continuous operation).

In the "siowing-down" neutron energy range (i.e.
E > 5 kT % 0.13 eV), a possible choice for h(t,E) is

h(t,E) E f(t,T(E)) = 27717 (77E7
2

in which x(E) is the mean time that it takes for the neutron
starting with initial energy Ej_ to reach the energy E. For
"thermal" neutrons, a choice is

h(t,Eth) =g(t,T(5kT),xth) = ~ [X3exp(-t/Tth)-(X
3+X2Z+-2- )exp(-Z)]

with X = 1/(1 - T(5 kT)/3fth> ' z - 3 tA(5 kT) ; T(5 kT) is the mean
time for the source neutron to reach the near-thermal energy
of 5 kT and x̂ jj is the mean thermal neutron lifetime in the
system. Note particularly that for t > 3T,

X3

g(t,T,xth) ^ — exp(-tA t h),
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i.e. at longer times the thermal neutron flux decays exponen-
tially with time, as desired.

Typically T(5kT) ̂  7 us, 25 ys and 80 us in
neutron slowing down from ^2.5 MeV to ^0.13 eV in infinite
media of H2O, D2O and graphite, respectively. The mean
thermal neutron lifetimes, particularly for D2O and graphite
media, are very much affected by the medium sizes. In infinite
media, the respective lifetimes are ^215 us, 6 x 101* us and
1.2 x 1011 us (the D2O being 99.80% pure).

Note finally that the ratio, R, of the neutron
flux due to a single pulse to the flux in continuous opera-
tion with a source strength per second equal to NQ, Q being
the single pulse source strength and II the pulse repetition
rate (i.e. pulses/s) is given by

R = h(t,E)/N.

4.3 Index of Refraction for Neutrons

V.F. Sears

In the elementary theory of the neutron index
of refraction, n, one obtains the result

n2-l = -4-rrpb/k2 (1)

in which p is the number of nuclei per unit volume, b the
average bound coherent scattering length, and k the neutron
wave vector. In obtaining this result one neglects the so-
called local field effects, i.e. the fact that a given nucleus
sees not only the incident wave but also the waves scattered
by all the other nuclei. When these latter effects are taken
into account the right-hand side of (1) is multiplied by an
additional factor c where c-1 is typically of the order of 10"1*.
Until recently this effect was completely negligible for prac-
tical purposes and, as a result, there was no stimulus to pro-
vide accurate theoretical values for c. However, experimental
techniques have now progressed to the point where n2-l can be
measured with an accuracy of 10"^ so that failure to correct
for the local field effects would lead to a significant syste-
matic error in b. The accuracy with which c can be calculated
will, of course, limit any future improvements in the experi-
mental determination of coherent scattering lengths by this
method.
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While the above local field effects are of
increasing practical importance they are also of long-stand-
ing physical interest in themselves since they represent a
very beautiful example of a coherent multiple scattering
phenomenon. In the case of the optical index of refraction
(where these effects are of order 1 rather than lO"1*) they
have been studied extensively by many people beginning with
the classic work of Lorentz and (independently) Lorenz in
the 1880's.

We have recently begun a theoretical study of
these effects for liquids. In particular, we have developed
an alternative derivation of Lax's "quasi-crystalline approx-
imation" (Phys. Rev. 8i>, 621 (1952)) and have generalized it
to the case of polyatomic liquids. We have also shown that
this approximation is in fact asymptotically exact in the small-b
limit. Lately we have also begun detailed numerical calcula-
tions for a number of liquids for which accurate pair correla-
tion data is available.

4.4 Neutron Diffraction in Magnetically Disordered Crystals

V.F. Sears

A theory of neutron diffraction has been developed
' for cubic crystals of the type McAi_cB in which a fraction c

of the A-ions in the non-magnetic crystal AB are replaced by
magnetic ions M. Our approach is based on a type of random
phase approximation to describe the effect of the magnetic
disorder and results have been obtained for both single
crystals and powders.

The presence of the magnetic ions has two effects
on the neutron diffraction distributions. Firstly, it modifies
the intensities of the Bragg peaks by an amount that depends
on the concentration c. Secondly, it gives rise to strongly
angle-dependent diffuse scattering that depends both on c and
on the spin-spin correlations.

The theory has been applied by Holden, Dolling
and Furdyna to their recent work on MncZn]__cTe and is found
to give a good description of many of their results (see
PR-P-128:3.7 ( AECL-7234)).
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4.5 Neutron Diffraction in the Plastic Phases of SF6 and CBri»

V.F. Sears with G. Dolling and B.M. Powell (NSSP Branch)

The theory of neutron diffraction in plastic
crystals given in our recent article (Molec. Phys. 3_7, 1859
(1979)) has been extended. In particular we have shown that,
if the intermolecular orientational correlations are neglected,
a knowledge of the cubic harmonic coefficients obtained from
an analysis of the intensities of the Bragg peaks is sufficient
to enable one to calculate the diffuse scattering in powder
samples but not in single crystals. In the latter case addi-
tional information or assumptions would be required as, for
example, in the recent work of More et al. (J. Phys. C 1_3_,
2833 (1980)).

Our preliminary results for SF6 show that the
discrepancies between theory and experiment (PR-P-126:3.5,
(AECL-7055)) in the diffuse scattering are small and are
spread over all angles. This suggests that our basic assump-
tion that intermolecular orientational correlations are negli-
gible is, in fact, reasonably well satisfied in SF6- For
CBri,, on the other hand, there are large discrepancies over
a narrow range of angles which indicate the presence of signi-
ficant orientational correlations.

4.6 Neutron Quasi-elastic Scattering in Aqueous Solutions

V.F. Sears with P. Martel and B.M. Powell (NSSP Branch)

It is well known from, for example, NMR studies
that in aqueous solutions some of the water molecules are
bound to the cations to form hydrate complexes. Sakuma et al.
(Solid State Commun. 2J5, 145 (1978)) have argued that the
bound/free water fraction can be obtained from neutron quasi-
elcstic scattering measurements and have presented results for
A9.CH3 solutions. However, these authors have neglected the
effect of the rotational diffusion of the hydrate complexes
which reduces the intensity of the quasi-elastic peak by a
factor jo(Qr)2 where Q is the wave vector transfer and r is
the radius of the complex. Thus, accurate measurement of the
Q-dependence of the quasi-elastic scattering should yield not
only the bound/free water fraction but also the value of r.
This is important because, while the bound/free water fraction
can also be obtained from NMR measurements, the value of r
cannot.



- 62 -

4.7 Penetration of Heavy Ions in Solids

K.B. Winterbon

The analytical inversion of a Fourier trans-
form in which the logarithmic derivative of the transform is
represented by a continued fraction (PR-P-127:4.5 (AECL-7102))
has been completed, including asymptotic representations.
This work has been written up and submitted for publication.

The work on correlation functions (PR-P-127:4.5
(AECL-7102)), more properly called pair-separation functions,
has been completed in the limit of vanishing displacement-
energy threshold and is being written up for publication.

4.8 Meson-exchjnge Currents in First-forbidden Weak Decays

I.S. Towner and F.C. Khanna

The ratio of muon-capture to 8-decay rate in
the transitions '60(0+,ground) ++ 16N(0~, 120 keV) has been
calculated to second order in perturbation theory, using a
one-boson-exchange residual interaction. Reasonable agreement
to the decay rates A,, and Ag can be achieved, but only if
meson-exchange corrections are incorporated in the transition

, operator. These corrections strongly influence the time-like
part of the axial-vector current. This is one of the few
examples where a positive identification of meson-exchange
phenomena can be found in nuclei. Normally experimental cor-
roboration is hard to find, partly because precise experimen-
tal data are difficult to obtain and partly because the inter-
pretation of existing data is complicated by uncertainties in
nuclear wavefunctions. Currently we are investigating the
sensitivity of our result to a change in the residual interac-
tion (a G-matrix rather than a one-boson-exchange potential)
and a change in the basis (Hartree-Fock rather than harmonic
oscillator wavefunctions).

4.9 On the Phase Shifts from NN-Scattering

M. Harvey

Some recent work bv a Japanese Grouo (Oka and
Yazaki, Vancouver ICOHEPANS (Int. Conf. on High Energy Physics
and Nuclear Structure, 1979) has indicated that in a quark
model with the generator-coordinate method the NN-scattering
phase shifts for T = 1, J = 0 (odd) change sign from positive
to negative with increasing energy - in agreement
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with experiment. This change implies a repulsion in the
effective NN-force at short distances. The calculation was
done with coupled NN and AA channels and disagrees with our
calculations of the effective NN-force, the latter done how-
ever in an adiabatic approximation but with three coupled
channels (NN, AA and hidden color). We have explored the
possibility that the coupling of channels in the reaction
mechanism (beyond the adiabatic approximation) can lead to a
change of sign of the phase shift from positive to negative.
A simple schematic-model calculation suggests that, to the
contrary, the coupling of channels always leads to more posi-
tive phase shifts. We must assume therefore that the discrep-
ancy lies in our having taken into account the hidden-color
channel. A collaborative program with J. LeTourneau (Univer-
site de Montreal) on the calculation of phase shifts by the
generator-coordinate method with three coupled channels has
been begun with the aim of testing the assumptions and of
showing beyond doubt that the quark model, as now applied,
cannot explain the observed NN-phase shifts.

4.10 Bag Model with World-Scalar and Vector Potentials

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

In a continuation of this study (PR-P-127:4.6
' (AECL-7102)) we have now understood how to formulate the bag

model in such a way as to preserve a U(l) gauge symmetry.
This advance allows an analysis of baryon data in the bag
model with vector potentials, to see whether there is any
evidence for such a generalization in nature.

4.11 SUnxin ->• SUn x SUm Classification

M. Harvey

Analyses of the NN-force in the quark model with
color potentials is done at the moment in the non-relativistic
formalism in which space and spin functions for single-particle
orbitals can be separated. It is necessary, however, to con-
sider the problem in a relativistic formalism in which orbital
and spin functions cannot be separated. The relativistic con-
siderations require a new classification of six-quark states
which, in its generality, reduces to finding the classification
SUnxm •* SUn x SUm f°

r particular n and m. We have now deduced
the reduction for any n and m for up to six-particle states.
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4-12 Role of Crossing-symmetry in Elastic Pion Scattering

F.C. Khanna with K. Klingenbeck and M. Huber (U. of Erlangen)

The elastic pion scattering amplitude must be
crossing-symmetric - i.e. for each term in which an incident
particle is absorbed before a particle is emitted there is
another term in which emission precedes absorption. Even
though the crossed term is off the energy shell, it introduces
an energy-dependent background term that adds coherently with
the direct scattering amplitude. It is expected that the
scattering cross section and the angular distributions will be
modified. Initial numerical estimates suggest that the total
cross section is increased by ^50% below the (3,3) resonance,
while above the resonance the effect is quite modest (^10%).
A detailed investigation of the role of crossing-symmetry in
the calculation of scattering cross sections is being carried
out.
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4.13 Reports, Publications, and Lectures

Publications

MICROSCOPIC CALCULATION OF THE QUENCHING OF qA AND OF THE
GAMOW-TELLER MATRIX ELEMENTS IN A=15, 17, 39 AND 41 SYSTEMS
I.S. Towner and F.C. Khanna
Proc. 1978 NATO Advanced Institute in Nuclear Theory, Banff.
Aug. 21 - Sept. 1, 1978, AECL-689C

NEUTRON-DIFFRACTION STUDY OF THE STATIC STRUCTURE FACTOR AND
PAIR CORRELATIONS IN LIQUID 4He
E.C. Svensson, V.F. Sears, A.D.B- Woods, and P. Martel
Phys. Rev. B21(1980)3638

AN EXTENDED CRANKED SHAPE-CONSISTENT OSCILLATOR MODEL FOR
ROTATIONS OF TRIAXIAL NUCLEI: APPLICATION TO 24Mg
M.G. Vassanji and M. Harvey
Nucl. Phys. A344(1980)61

Lectures

MESON-EXCHANGE CURRENTS IN NUCLEI
I.S. Towner
jiven at Univ. of Toronto, 1980 November 13.

THE STRUCTURE OF BARYON AND DI-BARYON STATES IN THE QUARK
MODEL: THE NN POTENTIAL PROBLEM
M. Harvey
given at Simon Iraser Univ., October 21, 1980 and
at TRIUMF, October 23, 1980

THE SYMMETRIC GROUP AND ITS RELEVANCE TO PARTICLE PHYSICS
M. Harvey
Series of three lectures given at TRIUMF, October 20-24, 1980

SIX-QUARK STATES AND THE NN-INTERACTION
M. Harvey
given at Brookhaven, November 3, 1980 and
at Univ. of Montreal, November 27, 1980

QCD AND QFD IN THE DECAY OF STRANGE AND CHARMED PARTICLES
H.C. Lee
given at TRIUMF, December 3, 1980

MESONIC EFFECTS IN NUCLEI
F.C. Khanna
given at Univ. of Waterloo, October 9, 1980

MESONIC EFFECTS IN NUCLEI: TWO EXAMPLES FROM LOW ENERGY
NUCLEAR PHYSICS
F.C. Khanna
given at Univ. of Erlangen, Erlangen, December 8, 1980
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5.1 Staff

Branch Head: D. McPherson

Section I: Systems

Head:
D. McPherson

Programmer/Analysts:

Section III: Mathematical
Services and Applications

Head:
J.M. Blair

J.F. steljes
C.J. Tanner

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

Section II: Operations

Head:
B.B. Ostrom

Operations Supervisor:
P. McGandy

Operator Supervisor
A.A. Laroche

Computer Operators:
S. Bergin
K. J. Brown
C M . Hepburn
Y. Labine
C.J. Lee
K.A. Livingston
S. Parr
M.A. MacDonald
J. Mackie
S.A. Moeller
L. Rutz
M.T. Wa..ker
N.E. Zinck

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

Mathematical Analysts:
S
G
W

.B. Baset

.H. Keech

.N. Selander

Programmer/Analysts
L
C
P

.E. Evans

.A. Wills

.Y. Wong

Programmers:
M
D
K,
G.
E.
D.
D,

.T. Boulanger

. Cheung

.D. Clark

.L. Klawitter

.G. Long

. Pathria

.G. Stewart

Section IV: Special

Heac
G.
1:
N. Williams

Programmer/Analysts:
L.
M.
R.

D. Hansen
Shaarani
Roiha

Secretarial Staff

K.
G.

F. Barnard

'(5)

(6)

(7)

. Systems

(8)

(9)
J. Bateman (10)
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(1) On leave without pay effective 1980 October 27.

(2) Joined branch 1980 October 06; transferred to Purchasing
Branch effective 1980 November 03.

(3) Temporary replacement for S. Moeller, duties began
1980 October 20; reelassified to continuing employee
effective 1980 Nov^nber 24.

(4) Temporary replacement for S. Moeller, duties began
1980 December 15.

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

(6) Joined branch 1980 November 17.

(7) Waterloo University Co-op student, joined branch
1980 September 02; terminated 1?I80 December 24.

(8) Joined branch 1980 October 20.

(9) On maternity leave, effective 1980 October 01.

(10) Temporary from Nuclear Physics Branch.
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5.2 CDC 6600/CYBER 170 System

5.2.1 Operating System

5.2.1.1 Job Card Memory Requirement Parameter

C.J. Tanner

Use of the job card memory requirement parameter
was suspended at the last major operating system change
because of changes in the memory used by the FORTRAN system
which could not easily be predicted by users. However, the
interim scheme used, which allows all jobs to use up to the
maximum available at the time they execute is unsatisfactory,
because the maximum is not a constant, and some very large
jobs can be initiated at times when there is insufficient
memory to permit their completion. Use of the job card
memory parameter has been re-instated in a modified form; it
is required only if the job will require more than a fixed
limit of 302000- words, which is guaranteed always available.
Jobs requiring more than 302000- words must state their
requirement on the job card, ana are allowed to execute only
at a time when the requirement can be met.

5.2.1.2 Disc Re-configuration

D. McPherson and B.B. Ostrom

The first step in a major upgrade of the disc
storage system has been completed with the replacement of
three of the six 844-21 drives with six double-capacity 844-
41 drives and installation of two new controllers. Disc
space for permanent file storage has been tripled, directory
sizes have been enlarged, and the two main directories
separated so that they are accessed through different
controllers. In addition, a new control statement has been
added to the system to allow users to flag files that will
not be required for some time so that they may be relegated
to tape and thus improve efficiency of use of the on-line
storage.

5.2.2 Programming Languages and Utilities

5.2.2.1 COBOL Version V

C.J. Tanner

The COBOL Version V compiler, which is CDC's
compiler which meets the ANSI 1974 COBOL standard, has been
obtained and tested, and prepared for installation at CRNL.
The only local modifications that have been required relate
to CRNL conventions regarding print density and page length.
The new compiler will be released to users in 1981 January.
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5.2.2.3 COPYP1

E.G. Long

The maximum line length that may be input to
COPYP1 is now 137 characters which is consistent with the
maximum that may be handled by the EDITOR. Lines exceeding
this length are truncated and the user is informed by a
dayfile message.

5.2.2.4 Statistical Package for the Social Sciences (SPSS)

C.A. Wills

A problem in the NONLINEAR procedure of SPSS was
found. The numerical calculation of the partial derivative
with respect to the parameter b of a term of the form
y = e~ was found to be incorrect. This created an error in
the derivative checking portion of the procedure. The SPSS
group at Northwestern University has been notified.

5.2.3 Subroutine Libraries

5.2.3.1 AELIB Modifications

G.L. Klawitter and L.E. Evans

On October 20, 1980, the existing AELIB routines,
AIKT.NT, PRFIT, POLREG and RELESE were modified .

Currently, an AELIB specifications and procedures
writeup is being prepared. It covers AELIB PROGRAMMING,
DOCUMENTATION and TESTING STANDARDS and procedures for the
addition of, removal of, or change to an existing AELIB
routine as well as a procedure for preparing AELIB code
which is to be sent off-site.

5.2.3.2 Revision of AELIB Function AIKINT

D. Pathria and J.M. Blair

This revision was undertaken to generalize the
subprogram, by allowing the error criterion to be absolute
or relative and by allowing the input data to be in unsorted
order. In the course of the work the code was completely
rewritten, to simplify the structure and clarify the logic,
and the algorithm was critically examined. A slightly
improved algorithm has been found, in which successive
points used in the interpolation process are chosen in order
of closeness to the interpolating point rather than strad-
dling the point, and the maximum number of points used for
interpolation has been increased from 10 to 20. The
function has been renamed ATKINT, and will eventually
replace AIKINT in AELIB.
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Complete results of this study are documented in a
University of Waterloo work term report by D. Pathria, dated
1980 December 11.

5.2.3.3 Biomedical Computer Programs P-series (BMDP)

C.A. Wills

Installation of the BMDP programs was halted when
an error in the procedure for saving files was found. It
should be possible to save any number of BMDP files and
retrieve them for later use. Although the files appear to
be properly saved, only the first one can be retrieved. The
BMDP group at Northwestern University has been notified of
the error.

5.2.4 Graphics

5.2.4.1 PLOT79 Plotting Package

G.N. Williams

The package has been installed and tested on a
Tektronix 4015 graphics terminal, for which a device driver
was included in the package. A device driver for the drum
plotter in the Computing Centre is in preparation.

This package provides a variety of high-level
subroutines for the display of data in graphical form using
different coordinate systems.

A high-quality test feature is also supported, and
the whole package is based on implementation of the ACM
SIGGRAPH proposal for a set of "standard" graphics sub-
routines. This proposal is presently being considered by
the American National Standards Institute as a national
standard.

5.2.4.2 SIMEX Plotting Package

G.N. Williams

Some users of minicomputer systems have approached
the Computing Centre asking for assistance with computer
graphics support on their systems.

The SIMEX plotting package, a small, easy-to-use
package developed for use on minicomputers, has just been
obtained from personnel at the University of Aahrus in
Denmark. Internally the package calls the "CALCOMP Plotting
Routines" which are available on many minicomputers.

It is proposed that the Computing Centre support
this package and distribute it to interested minicomputer
users at CRNL.
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5. 5 Other Systems

5.5.1 Neutron Spectrometer Control Program

G.H. Keech

The PDP11 control system has been successfully
installed on the C5 neutron spectrometer at NRU.

Some new features have been added to the editor
program and general improvements made.

Calculations are now made in the test program for
two "spurion" modes.

5.5.2 MODCOMP 200 User Terminal Emulator

G.N. Williams

This emulator, purchased by Electronics Branch for
use in the REDNET system, has been tested successfully,
allowing the MODCOMP computers to submit jobs to the Computing
Centre, and to receive back output, produced by those jobs.

5. 6 Tritium Recovery Plant Hazard

W.N. Selander

If combustion of the hydrogen inventory of the
proposed tritium recovery plant occurred, the tritiated
water so formed would constitute a radiological hazard. In
order to assess the hazard, the "effective release height"
of the cloud is being calculated. Preliminary estimates of
rate of rise and final height suggest that previous figures
quoted in the literature may be too conservative. Efforts
to find a realistic estimate of the release height are
continuing.

5.7 Forecasting of Heavy Water Sales

C.A. Wills, J.M. Blair and J. McCardle (Chemical Company,
Ottawa)

Information is supplied by the International
Company and the Engineering Company in the form of CANDU and
foreign reactor sales, and the probability of their occurring.
An estimate of the date of sale and initial amount of heavy
water and yearly makeup likely to be supplied by Canada is
also provided.

A preliminary program has been written which
forecasts future D~0 sales from this data producing probable,
optimistic and dependable estimates for a 20-year period.
This is done by calculating D.O sales in a number of
simulations.
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Sales of each reactor are determined using the
given probability of sale and the amount of D?0 supplied
each year is calculated from the given probability of Canadian
sales.

5.8 Modification of UKAEA TIRI0N4 Code

J.M. Blair, G.L. Klawitter and G.N. Williams

At the request of U. Nurmsoo, Atomic Energy
Control Board, an investigation of the cost of modifying
TIRI0N4, a computer code for calculating the consequences of
releasing radioactive material into the atmosphere, to make
it operable on the CRNL computer system has been undertaken.
The main problems appear to be (i) the use of a number of
FORTRAN constructs which are not available in FTN4, and (ii)
the use of the GHOST graphical output system. It appears
that the constructs in (i) are available in FTN5, and the
code will be recompiled with the new compiler. The problem
of providing replacements for the required GHOST subroutines
is under investigation.

5.9 Stress Analysis Programs

5.9.1 MARC - General

S.A. Baset and D.T. Cheung

Testing of MARC-J1 version has been completed.
The two problems reported in the last Progress Report have
been resolved. Two other problems concerning POST and FOURIER
options have been discovered and reported to MARC Analysis
Research Corporation. Formal release of MARC-J1 version
for general use is delayed pending a satisfactory resolution
of these two problems.

5.9.2 Acquisition of STARDYNE Structural Analysis System

J.M. Blair

A license agreement for the use of the STARDYNE
(trademark of System Development Corporation) structural
analysis system on the CRNL computer system has been negot-
iated. The agreement was signed on behalf of the Research
Company in 1980 December. The installation and checkout of
the codes will proceed when the tape containing the absolute
versions of the programs is received.

5.9.3 Analysis of Bent Beam Type Stress Relaxation
Specimens

D. Pathria, J.M. Blair

This investigation is part of a design study by
R.B. Turner, Engineering Research Branch, of a proposed
system for measuring the curvature of bent beam type stress
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relaxation specimens. The equipment will be used by
Metallurgical Engineering Branch. Simulated data, obtained
by adding pseudo-random noise to data points lying on
circular arcs, have been analyzed by least squares to
provide estimates of the centre and radius of curvature of
the circle. By analyzing typical and extreme cases, the
sensitivity of the system has been estimated. Cases cor-
responding to large radii of curvatur« are found to be ill-
conditioned, and experience convergence problems. It has
been recommended that the data processing be done on the
CRNL computer system rather than on a dedicated micro-
processor, until a reliable algorithm which can handle all
cases arising in practice has been developed.

5.10 Heat Transfer Programs

5.10.1 TRUMP Revision

P.Y. Wong

The CRNL version of TRUMP (TRUMP: A Computer
Program for Transient and Steady State Temperature Dis-
tribution in Multidimensional Systems, UCRL-14754, Rev. 1,
May 1, 1968) was developed and implemented in 1969 by
M. Carver. Our earlier investigations showed that TRUMP can
no longer reproduce the results of the two test cases given

, in the manual. In an attempt to clean up the code and,
hence, to obtain a better understanding of it, we are now
making a major revision to TRUMP. Modifications that have
been made so far include: (i) the code has been updated to
follow the version given in UCRL-14754, Rev. 3 (September 1,
1972) as much as possible; (ii)the COMPASS routine which
equates FORTRAN II functions to FORTRAN IV functions has
been eliminated; (iii) the field length management scheme
which overwrites blank COMMON has been eliminated.

The revised version can now reproduce test case
number one as given in the manual, but we are still having
difficulty in verifying test case number two.

5.10.2 Modelling of the Darlington-A Calandria
Structure

P.Y. Wong

A preliminary study of a thermal analysis of the
Darlington-A calandria structure was undertaken at the
request of AECL-EC, and a cost estimate for the project
was prepared.
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5.11 Information Handling Programs

5.11.1 Commercial Operations Jobs Data Retrieval System

K.D. Clark

A data base system was implemented on the CDC
6600/CYBER 170 system to enable the storing, editing, and
reporting of data describing CRNL commercial jobs. Each job
is represented by a record in a job's data file which is a
CYBER Record Manager Actual Key File. Data fields include
the customer's name, a job description, the pending estimate
and work order numbers, and the percentage probability for
the job. Data manipulation and report generation are done by
means of the QUERY UPDATE facility in jobs submitted using
CYBER Control Language (CCL) procedures. Each CCL procedure
call specifies the name of the job's data file involved and
the data fields to be used for sorting and sub-totalling
during report generation. A report may be a master list of
all jobs or a selective report based on the percentage job
probability field values.

3.11.2 Oil/Electric Hybrid Heating Experiment Data
Storage and Processing

K.D. Clark

' The data storage phase of this project has begun
with the definition of data files in which the collected
data will be stored prior to its being processed by FORTRAN
programs. These programs will generate the required
parameters, tables, and graphs. There are fifty houses and
four sites involved in this experiment. Data files are
planned for the permanent data for each house, the semi-
permanent data for each house, weekly energy consumption
data for each house, and daily environmental data for each
site. As data become available, they will be entered into
the appropriate data file. The QUERY UPDATE facility to be
run by means of CYBER Control Language procedures will be
used to insert data and generate reports which will be used
in the validation of data.

5.11.3 Central Personnel Records System (CPRS)

C.J. Tanner

An extension has been made to the CPRS which
provides for correct reporting, for each site involved, of
employees of one site attached to another.
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5.12 Data Reduction Programs

5.12.1 Modifications to Programs for Analyzing
DNA Molecular Data

G.L. Klawitter

The program ELUTION, to analyze alkaline elution
data stored in the file FRACTIONS (see PR-P-127, 5.15.3,
AECL-7102), has been completed and is currently being used
by the Radiation Biology Branch. A writeup describing the
data preparation and control statements has also been
completed.

5.12.2 JAGSPOT

G.H. Keech

An improvement was made in the spectrum fitting
program JAGSPOT so that the action of incrementing the list
of saved standard peaks no longer clears the current list of
standard peaks. This modification facilitates certain
calibration calculations.

5.12.3 Data Processing System for Analysis of
Fuel Defect Experiments

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

The model for peaks in GRAAS (discussed in PR-P-
127, 5.15.2, AECL-7102) has been implemented and uses the
NL2S0L package (see 5.13.2 below). This version of GRAAS is
being tested and appears to work well although the execution
time is greatly increased.

5.13 Miscellaneous Programs

5.13.1 Recomputation of Rational Minimax Approximations
To Phase Function

M.T. Boulanger and C.A. Wills

The approximations to the phase functions used for
computing J and Y Bessel functions to relative accuracy
(described in PR-P-127, 5.16.1, AECL-7102) have been recal-
culated. Testing showed that these approximations retain
2N + 2 significant digits at a zero of order 10 as expected.
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5.13.2 NL2S0L

C.A. Wills

The package NL2S0L from the University of Wisconsin
for solving nonlinear least-squares has been compiled and
tested and appears to work satisfactorily. In particular,
the residual sum of squares is guaranteed to decrease at
each iteration. Functions which MLSQQ cannot handle have
been approximated to high accuracy by NL2S0L with very few
iterations.

It was found that much of the execution time in
this package was spent in code which tests for underflow
conditions. A modified version of the package is being
developed which will eliminate these tests.

5.14 Operations

5.14.1 CYBER 170 Memory Expansion

B.B. Ostrom

A memory increment for the CYBER 170 Model 175 was
delivered and installed in 1980 November. The CYBER 170 now
has its maximum memory size of 262,144 words.

; 5.14.2 Disc Storage System

B.B. Ostrcm

Six new disc storage units and four new disc
controllers were installed in the recently expanded computer
operations area.

5.14.3 Power Distribution System

B.B. Ostrom

Discussions concerning the power distribution
system for the new front-end computer system were continued
with Plant Design, and blueprints have been completed.
Discussions are in progress with Electrical, Instrumentation
and Power Branch on the implementation of these plans.
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5.14.4 Computer Use by Division

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

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

Number

20
1

35
3

& University Relations 3
Health Sciences
Chemistry & Materials
Physics

4
2
6

108
602
,837
,975

,990
,154

,904
,513
,787
,710

Electronics, Instrumentation
& Control

Advanced Projects &
Reactor Physics

Fuels & Materials
Administration
Finance
Operations
Maintenance &

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

12
12

2
3

2

118,

935

,466
,275
749

,730
,958

416
53

776
,933

0
270
25

,166

of

(0.
(0.

(17.
(1.

(30.
(2.

(3.
(3.
(2.
(5.

(0.

(10.
(10.
(0.
(2.
(3.

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

Jobs

.09%)

.51%)

.63%)

.67%)

,46%)
67%)

30%)
82%)
36%)
68%)

79%)

55%)
39%)
63%)
31%)
35%)

35%)
04%)
66%)
48%)
00%)
23%)
02%)

Utilization
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5.15 Reports, Publications and Lectures

Publications

COMPUTING CENTRE NEWSLETTER, Vol. 7, Nos. 10, 11 and 12
L.E. Evans and E.A. Okazaki, Editors

Lectures

FORTRAN IV
D.G. Stewart
Algonquin College of Applied Arts & Technology, Continuing
Education Course,
CRNL, 1980 September 22 to 1981 January.

FILE STRUCTURE OF THE CYBER RECORD MANAGER
C.J. Tanner
AECL-EC, 1980 October 15 and 16, and
CRNL, 1980 October 27 and 28.

PRESENT AND PLANNED DEVELOPMENTS IN THE CRNL
COMPUTING CENTRE
L.E. Evans
WNRE, 1980 November 12

USES OF GRVIEW, THE GRAPHICS VIEWING SYSTEM - BASIC
; G.N. Williams

AECL-EC, 1980 November 12

USES OF GRVIEW, THE GRAPHICS VIEWING SYSTEM - ADVANCED
G.N. Williams
AECL-EC, 1980 November 13

USE OF CYBER CONTROL LANGUAGE
D. McPherson
AECL-EC, 1980 November 19

INTRODUCTION TO SPSS
C.A. Wills
AECL-EC, 1980 December 01

STATISTICAL SOFTWARE AT CRNL
C.A. Wills
AECL-EC, 1980 December 02
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6.1 Staff

BRANCH HEAD:

Professional Staff

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

. Bigham

. Brown

.D. Chan

. Chidley

. Funk

. Heighway

. Hepburn
Hodge

C.R-J- Hoffmann
J.A.
R.M.
J.

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

J.

Hulbert
Hutcheon
McKeown
McMichael
Ormrod
Schneider
Schriber
Shubaly
Ungrin

(1)

Mechanical Laboratory

J.E.
R.J.
R.J.
N.I.
D.W.
J.F.

Anderchek
Bakewell
Kelly

G. Labrie
Warren
Weaver

Attached Staff

J.P.
L.O.

Labrie
Dallin

(2)

(3)
(4)

J.S. Fraser

Technical Staff

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

F. Bird
Birney
Burton
Campbell
Clements
Coulas
Gillies
Hohban
Houtman (5)
Jones
Kidner
McGregor
Metivier
Michel
Vokes
Weeden

Laboratory Services

K.T.
J. J.

McKee
Murphy

Secretarial Staff

Mrs. M.A. Trecartin

Short Term Technician

N.R. Osborne (6)

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

(2) Transferred to Fuel Materials Branch,
1980 December 15.

(3) Attached Staff from Universite de Montreal,
arrived 1980 September 08.

(4) Attached Staff from University of Saskatchewan,
Saskatoon, arrived 1980 September 19.

(5) Waterloo Student, resigned 1980 December 19.
(6) Short Term Technician, resigned 1980 December 12.
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6.2 Nuclear Power Applications

6.2.1 High Current Proton Accelerator

S.O. Schriber

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

6.2.1.1 Ion Source and Injector Developmei. t

M.R. Shubaly

Development of the high-current reflex-arc ion
source continues on the Ion Source Test Stand and the
Injector Test Experiment. Parametric studies to aid
source optimization have been started.

6.2.1.1.1 Ion Source Test Stand (ISTS)

Test stand operation has been trouble free
except for small air leaks in the gas inlet line that
caused increased sparking. A beam current monito - and a
hydrogen flowmeter have been installed.

Modifications to the data acquisition system
are still in progress.

6.2.1.1.2 Injector Test Experiment (ITE)

The bending magnet has been mapped and installed.
Oil contamination of the vacuum system resulted from back-
flow of oil from one of the roughing pumps during a power
failure. The system is being cleaned and an automatic air
bleed valve will be installed to prevent oil backstreaming.
Additional diagnostic chasses have been installed.

6.2.1.1.3 High Current Ion L;Ljrce

Initial operation of the high current source on
ITE gave a beam much larger than expected from source
operation of ISTS. A series of experiments was instituted
to investigate source chaiacteristics with the following
observations. Minimum beam diameter was found to be
weakly dependent on accel gap spacing (in agreement with
computer simulation). The major reason for a large beam
diameter was associated with a thick (£ 3 mm) mask used
to block extra holes in the plasma aperture plate. Use
of a thin (̂  0.5 mm) mask has reduced beam diameter to
previous values.
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Further studies of effects of source internal
geometry on optrrstion have been completed. Anode skirt
shape (on the side away from the intermediate electrode)
strongly affects beam current and operating stability.
Operation with low gas flow (using a small anode aperture)
increases heating of the plasma aperture plate and thcs
sparking rate. An edge-cooled plasma aperture plate has
been fabricated to reduce sparking. Ceramic in tha PIG
region is overheating and some cracking has occurred. A
new source that will incorporate tnese parametric studies
has been designed and ceramics are on order.

Recent mass fraction measurements (30-40% protons)
have shown that the low gas-flow mode of operation has not
improved proton percentage as expected. Also, changes in
peak arc current density (for a constant total arc current)
have little effect on mass fraction. A series of studies
to determine parameters affecting mass fraction in the
present mode of operation are underway.

6.2.1.1.4 Other Studies

Magnetic field clamping studies on a two-beam
mockup of a four-beam ion source have bef:n successfully
concluded. A simple shielding configuration that fully
restores "single-source" operating levels has been deter-
mined. The symmetry of the arrangement promises easy
expansion to the four-beam arrangement which is a potentially
interesting form of a xenon ion source for heavy ion fusion.

6.2.1.2 Code Development

B.G. Chidley, G.E. McMichael and S.O. Schriber

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

6.2.1.2.1 PARMILA

Common blocks in all the routines have been
modified such that the tank, cell and particle array
dimensions may be chosen at run-time. The run control
program for PARMILA has been modified to automatically
convert CALCOMP plots to green-screen displays.

OUTPROC has been modified to make plots designed
for a CRT based output suitable for our CALCOMP plotters
without wearing holes in the paper. Additional output
options have been added.
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6.2.1.2.2 SUPERFISH

Code routines have been modified to handle radio-
frequency quadrupole (RFQ) geometries with output nor-
malized to 100 kV vertical vane potential. Horizontal
(if present in the geometry) and vertical vane potentials
are output along with power dissipation per unit length
and horizontal (if present) and vertical cross-sectional
axis fields.

6.2.1.2.3 General

A Hewlett Packard 64000 microprocessor develop-
ment system has been received and is being used to develop
hardware and software for 8080 and Z80 based controllers.

Modification of the HETC (high energy transport
code) code to operate on the CRNL system has been com-
pleted and the code has been turned over to B.M. Townes,
Reactor Physics Branch.

RFQ vane tips as built for the Los Alamos
Scientific Laboratories, L^SL, POP accelerator required
a complex machining operation wxth a large tape controlled
milling machine. A number of schemes to reduce the
machining effort and yield a simpler approximation to the
ideal shape have been proposed. These have been studied
by a computer analysis of the multipole field component::
resulting from various vane tip contours. For a modulated
pole the octupole term is the lowest component higher
that the quadrupole. These components are being compared
for a number of designs ranging from lathe turned rods to
pole tips similar to the LASL POP ones.

6.2.1.3 High Current Test Facility

J.C. Brown, B.G. Chidley and J. Ungrin

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

6.2.1.3.1 Injector

The injector was used only intermittently this
quarter to provide 1-2 mA beams to the Alvarez tank.
Operations were routine and all systems performed well.

6.2.1.3.2 Rf System

The main rf system was not available for one
month because rf arcs damaged the grid resonator and drive
loop of the triode amplifier. This arcing originated at
a region of loose finger stock connections where the walls
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of the upper half of the grid resonator connect to the
tube. Misalignment of the upper coaxial resonator walls
resulted in inadequate finger stock compression on one
side and excessive compression on the other. After repairs,
the resonator sections were aligned to maintain rf contact
movement within acceptable compression limits. The
coaxial drive line, at the input to the grid resonator,
was modified to prevent slippage of the centre conductor
into the resonator structure'when the centre-conductor
anchor connector of the adjoining line section is engaged.
A loose connection at this point caused arc damage to the
anchor connector.

A low level rf control unit has been assembled
and measurements of control parameters are in progress.
Modifications were made to the Alvarez and buncher AFC
controllers to correct an instability in the phase-locked
loop circuit. These changes have substantially widened
tracking range.

Installation of the buncher rf and control
instrumentation is in progress and is expected to be
complete early in January.

6.2.1.3.3 Buncher Cavity

The buncher cavity was evacuated and operated
at design field for about 65 hours. One vacuum leak was
found and repaired. The buncher was installed in the beam
li.i e and its frequency set for system operation.

6.2.1.3.4 Alvarez Tank

The emittance unit from the 750 keV beam line
was installed in the beam line beyond the Alvarez tank
early this quarter. Beams up to 1.5 mA were transported
successfully along the beam line. Within experimental
uncertainty the same emittance was observed for 750 keV
beams at the 45° position and at the new position.

An attempt has been made to measure the energy
spectrum of the Alvarez tank output beam after acceleration.
The "pepper-pot" plate in the emittance unit was replaced
by a plate with a slit and the beam transmitted by the
slit was measured on an insulated plate beyond the slit.
The large background of low energy beam (> 50%), however,
greatly complicates the measurement. A failure of the rf
system (see 6.2.1.3.2 above) occurred before any con-
clusion could be reached on the feasibility of using the
emittance unit as a useful energy analyzer.

Machining of the new coupling loop with a vacuum
window at A/2 from the loop is about 70% complete.
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The new drift tube stem suspension system
reported last quarter (PR-P-127, 6.2.1.3.4; AECL-7102) is
scheduled for installation on drift tube number 24 at the
end of January.

6.2.1.4 Zero Energy Breeder Accelerator

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

As an extension of the present high current
proton accelerator program to higher energy and current,
the design requirements for a 10 MeV, 30 0 mA cw proton
linac, ZEBRA (Zero Energy Breeder Accelerator) are being
studied. This accelerator would be a test of the initial
stage of an electronuclear breeder and would be used to
study injection, engineering, beam loss, beam transmission
and emittance growth problems. The accelerator, which is
presently at the conceptual design stage, will consist of
a low voltage (̂  50 kV) dc injector, a biased radio-
frequency quadrupole (RFQ) section (̂  100 MHz) and a
drift tube ^inac (DTL) (-v 200 MHz) . The transition froiu
the RFQ section to the DTL will occur in the 2.0 - 2.5 MeV
range.

A 500 MHz laboratory "cold-test" aluminum model
of the RFQ has been designed and is being fabricated in
the shops. Design of a 100 mA 268 MHz RFQ is underway to
determine construction and operational characteristics of
a 100% duty cycle structure. A short length structure
jased on this design is under study to determine the
feasibility of investigating sparking levels in a cw RFQ
structure.

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

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

6.2.1.4.1 Resonant Load

The ZEBRA accelerator will require coupling
loops and windows capable of coupling rf powers in the
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500 kW range to Alvarez tanks. An 83 cm diameter by 1 m
long aluminum tank, resonant at 270 MHz and capable of
dissipating 400 kW* is being built. This resonant load
will be used to test various loop and window designs and
will also include a number of flanges to test post coupler,
tuner, and drift tube stem mounts. The frequency was
chosen to match existing rf equipment.

Detailed drafting of the 400 kW resonant load
is essentially complete. Transition pieces from the
aluminum tank body to standard flanges remain a concern.
A n&tt all-metal aluminum-to-stainless-steel sealing method
developed at the University of Wisconsin ALLADIN accelerator
is being tested.

6.2.1.4.2 Two Beta Lambda Alvarez Tank (2BLAT)

Experiments on field stabilization using post
couplers are underway with a 50 cm diameter aluminum
Alvarez test tank. The tank which resonates in the
mode at 372 MHz has 21 drift tubes and is a 0.7 scale
model of the 0.8 - 2.8 MeV section of the existing 3 MeV
Alvarez accelerator. Ten 19 mm diameter post couplers
which alternate from side to side opposite the even
numbered drift tubes have been used in initial tests.
Field perturbations are produced by adjusting the end
plates to produce a field tilt while maintaining cavity
frequency.

Although drift tube lengths increase by a factor
of almost two along the tank, a factor of greater than
30 reduction in the field tilt has been achieved by using
posts at a constant spacing {% 26.5 mm) from the drift
tubes. Eccentric tabs are now being added to the posts
to improve cell-to-cell field distribution.

Delivery of permanent magnet quadrupoles to be
used in the first five drift tubes of 2BLAT has been
delayed to late February. To avoid damage to the magnets,
electron beam welding will be required to seal the magnets
in the drift tubes. Samples of the magnetic material
have been ordered from the manufacturer to develop
electron beam welding techniques required in the presence
of a strong non-uniform magnetic field.

6.2.1.4.3 Radiofrequancy Quadrupole (RFQ)

Although a maximum field gradient of twice the
Kilpatrick limit is feasible for a pulsed RFO ^is has
not yet been demonstrated for a ow RPQ. Preliminary
designs have been obtained for an RFU suitable for ZEBRA
at 108 MHz, 400 mA (to have a safety margin over the
required 300 mA) and operating at the Kilpatrick limit.
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These designs have very high rf losses and modifications
are being examined.

6.2.1.4.4 Beam Dynamics

The PARMILA particle dynamics code is being
used to evaluate the ZEBRA RPQ-DTL conceptual design.
Preliminary results show problems with the proposed
frequency doubling between the RFQ and DTL sections. If
attempts to design an RFQ to give a smaller phase spread
are unsuccessful, it may be necessary to have a low
frequency DTL after the RFQ and do the frequency doubling
at higher energy (between two DTL sections).

6.2.2 Electron Test Accelerator

J. McKeown

This 4 MeV 100% duty factor accelerator is used
to study accelerator behaviour with high currents.
Accelerator operation concentrated on emittance measure-
ments and beam position detection while beam dynamics
calculations continue alongside accelerating structure
and control computer development.

6.2.2.1 Accelerator Operation

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

The 4th harmonic beam position monitor was used
to detect beam displacement of less than 0.1 mm. The
signals from the monitor were measured by a crystal and a
singly balanced mixer. The magnitude of the beam displace-
ment was determined by a crystal output, and the direction
of the displacement was determined by the mixer which com-
pared the phase of the monitor signal with the reference
phase of the accelerator. A laboratory experiment later
undertaken has shown that the output of the mixer can be
used for both a magnitude and a phase measurement for
small monitor signals (̂  10 raw).

During the accelerator experiment, the beam
position was varied by a steering magnet ups^resn of the
monitor and by changing Model 3 operating parameters. In
addition to the monitor, the beam position was monitored
by the self-powered detectors at the beam dump. Good
correlation was obtained.

A prograit. wns written using the monitor signals
to provide computer feedback control of a steering magnet
upstream from the monitor thereby causing the beam to
transverse the monitor along the axis. Figure 6.2.1
shows a.n experiment using this program. The horizontal
axis is the time axis. Starting from the left side, where
the upper curve corresponds to the drive current of the
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Fig. 6.2.1 Periodic disturbances in beam position
are corrected using feedback signals
from a position monitor.

steerer and the lower curve the beam position, one sees a
constant steerer drive current and a slow oscillation of
beam position without the control program. This periodic
disturbance of the beam position was caused by changing
the beam/Model 3 phase. After the starting of the control
program (right side of Fig. 6.2.1), the oscillation of the
beam position is corrected. Some difficulties were
encountered during some.runs and as this work is a
necessary prelude to computer control of the beam transport,
work will continue.

The transverse emittance was measured after the
buncher by the double-slit method. A pair of dipoles
oppositely driven was used to scan the beam across a
fixed slit position (x direction). Another dipole further
downstream was used to select a beam element with a given
divergence x' to pass through a second slit to the beam
dump. A program was written to control the three dipoles,
take data, and display the phase space density 3-dimen-
sionally as shown in Fig. 6.2.2 (see PR-P-107, 6.2.2 (e);
AECL-5256). As most of the beam was stopped on the first
pair of slits the power dissipation at this location is a
limiting factor. Gun poisoning was suppressed by a cold
trap. Injected currents up to 3 mA were used in a number
of successful runs with slit openings of 1.5 mm.
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Fig. 6.2.2 Transverse etnittance plot.

6.2.2.2 Radiofreguency Power Supplies

J. McKeown

Attempts to reconunission the 100 kW klystron
S/N 101 after a second repair appear to have been
successful. A power output of 60 kW was achieved into
the Model 3 structure. A decision on the purchase of the
300 kW klystrons has been deferred.

6.2.2.3 High Power Pancake-Coupled Structure

S.B. Hodge and J. McKeown

Difficulties encountered with multiple brazes
of individual cells led to a detailed appraisal of bracing
procedures with the large furnace in Bldg. 4 29. Rerr.elting
and subsequent run of the braze from the doughnut indicated
that there were either substantial radial temperature
distributions or instrumentation and operational procedures
were inadequate. It was necessary to use some old segments
in several test runs to interpret the thermocouple data
and develop acceptable procedures. Towards the end of the
period procedures have been refined to permit final brazing
of the cells and the rf adaptor to the centre cell. All
sub-assemblies are now leak tight.

The next step is to assemble a stack of old
segments and carry out measurements on longitudinal
temperature distributions. Only after successful



procedures have been worked out with this test system
will the final braze be attempted.

6.2.2.4 Beam Dynamics

J.P. Labrie and J. McKeown

Computer modeling of a new buncher cavity for
the ETA injector line using the code SUPERFISH was com-
pleted and an aluminum model of the cavity is under con-
struction.

The new buncher will make use of copper forgings
purchased for the construction of the Model 3 accelerating
cells. The main features of the buncher are its large
aperture (3.81 cm diameter) and its optimized shape to
produce at a resonance frequency of 804.8 MHz a peak on-
axis electric field of 6.7 kV/m with a power dissipation
of 1 watt.

The aluminum model of the new buncher will be
used to determine some practical characteristics not
amenable to calculation before a copper cavity is con-
structed. In particular, the effects on the resonance
frequency of tuner position, rf input and reference phase
signal output ports, and of the size and penetration of
magnetic loops for cavity drive and phase reference lines
will be examined.

The computer code PARMELA, developed at Los
Alamos to study the phase and radial motion of electrons
in linear accelerators, has been adapted to model the ETA
injector. An output subroutine yielding graphs of the
number of electrons at different coordinate points in the
x-x' space and in the E-<f> space has been added allowing a
straight-forward evaluation of the bunching efficiency of
the injector line.

Using results from a recent measurement of the
injected beam emittance (see Section 6.2.2.1), a comparison
of two available methods of simulating the effects of a
buncher cavity in PARMELA was performed. These calculations
also allowed an evaluation of the bunching efficiency of
the present ETA injector line by inserting its configura-
tion in the computer code.

The first method assumes a zero length buncher
and uses an impulse approximation to calculate the
longitudinal and radial energy variations of an electron
as it passes through the buncher.

In the second method, the buncher is represented
by an accelerating cell of a given B = 21/X, I being the
length of the cell and A the rf wavelength. Longitudinal
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and radial electric fields in the cell are calculated
using the first fourteen Fourier coefficients of a series
expansion of the field which were previously determined
from SUPERFISH runs.

Computer modeling of the buncher cavity presently
used gave a peak on-axis electric field of 74 kV/m with a
power dissipation of 20 watts. The drift distance after
the buncher was 150 cm.

One hundred electrons were generated randomly
in a 6-dimensional ellipse restricted to the measured
beam emittance and in 360° of phase to simulate a dc
beam. Space-charge forces were not taken into account.

Figures 6.2.3 and 6.2.4 illustrate the bunching
process taking place at a drift distance of 150 cm with a
buncher voltage of 10 kV. Results in Fig. 6.2.3 were
obtained assuming a zero length buncher while in
Fig. 6.2.4, the buncher was represented by a B = 0.5 cell
corresponding to its actual physical length in the
injector line.

These results and the calculated beam emittance
show that the two methods of simulation of a buncher in
PARMELA give similar results. Furthermore, since the
actual configuration of ETA's injector line was used as
input to PARMELA, these results also show that the
bunching efficiency is close to maximum for the present
configuration which gives maximum beam transmission
through the line.

Calculations with PARMELA of the linac
acceptance and an optimization of the injector line aftei
incorporating the new buncher are being considered.

6.2.2.5 Computer

K.C.D. Chan and R.P. Houtman

The computer system of the Electron Test
Accelerator has been suffering from various hardware
failures in the disc, line printer, console teletype, and
memory boards. These difficulties have been compounded by
the manufacturer's declining support for the system. The
equipment failures have made software development extremely
difficult.

A plan for upgrading the computer system has
been studied and documented in an infc nal report. This
report described the reasons for the upgrading and the
recommended actions for the immediate future and beyond
1981.
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Fig. 6.2.3 Plot of energy versus phase at axial
position of 150 cm. Calculations done
by assuming a zero length buncher.
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A beam steering control program was written to
use error signals from the 4th harmonic beam position
monitor (see Section 6.2.2.1). The program processes the
signal from the monitor and then controls the drive current
of a steerer upstream from the monitor to center the beam.

A program was written to read all the important
accelerator parameters at regular intervals and archive
them in the SCAN system format. This format is retrievable
using the PLOT system of programs. Start-up and purging
of old data is done automatically with sample sets retained
on a logarithmic time scale.

6.2.2.6 Parity Violation in the Photodj-sintegration of
Deuterium

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

See PR-P-128, 2.2; AECL-7234.

6.2.3 Fertile-to-Fissile Conversion Experiments at TRIUMF

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

The intercalibration of counting systems between
Simon Fraser University and CRNL (see PR-P-123, 6.2.5;
AECL-6956) has been repeated with gold foils irradiated at
CRNL. This time a subset of the gold foils was also sent
to Los Alamos Scientific Laboratory for counting in the
counters used in their FERFICON experiments. Analysis of
the counting data is underway.

6.3 Research Applications

6.3.1 Fast Intense Neutron Source

J.D. Hepburn

Collaboration with the Health Physics Branch on
development of the 14 MeV neutron source continued. Work
this quarter included neutron production runs and more
efforts to increase the maximum achievable neutron
production rate.

Reconditioning of the high voltage power supply
following water contamination of the oil was successful.
Subsequent adjustment of beam optics by changing the
bending magnet configuration gave a limit of 13 mA d+

current on target; target gas evolved above this. During
a D(d,n) neutron production run, the accelerator ran for
8 hours at 20 mA total current (9.5 mA on target) with
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only two brief shutdowns. Neutron production rate was very
uniform throughout the run.

Detailed knowledge of beam current profile is
required for estimating beam power densities on target
and analysis of target thermal behaviour. Data produced
by sweeping the beam across the Faraday cup could be
analyzed to yield a current profile, but this approach
has been abandoned because the results would have too much
uncertainty and the computer programming required would
have been excessive. Work to drill a small hole in the
present Faraday cup and to install a second cup behind it
has been scheduled. Sweeping the beam across the small
cup will yield beam current profiles directly.

M.R. Shubaly has done some modeling of the ion
source and accelerating column using the code AXCEL, but
analysis awaits beam current profile measurements.

6.3.2 Heavy-Ion Superconducting Cyclotron

J.H. Ormrod

Design and development of a superconducting
cyclotron for a post-tandem accelerator continues. The
magnet is being reassembled for magnetic field measure-
ments with the flutter poles slightly modified and all the
trim rods installed. The cryostat has been modified to
permit installation and testing of the radiofreguency
accelerating system in the magnet; these tests will follow
the field mapping.

6.3.2.1 Cryogenic Systems

6.3.2.1.1 Cryostat Modifications

J.A. Hulbert

The modifications to the cryostat inner wall to
permit the insertion of the rf accelerating system are
complete and the cryostat has been reassembled. Vacuum
tests preliminary to positioning the cryostat in the magnet
yoke are in progress.

During reassembly thermal tests were carried out
on one segment of the midplane cryostat wall cooling
system. Results indicate that a total rf dissipation of
2 kW in the cryostat wall should not overheat the viton
rings which seal the copper rf clearance panels to the
stainless steel wall. Thirty-six AD59 0 temperature sensors
were placed around the cryostat inner wall, close to the
midplane, to check the operation of the cooling system and
seals under load and to monitor rf dissipation.
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6.3.2.1.2 Cryogenic System Instrumentation

J.A. Hulbert

A general purpose signal conditioning circuit
has been designed, masked, and a number of circuit board:
manufactured. This circuit will couple four sensors
(strain gauges, pressure transducers, flow transducers)
to a CAMAC scanning ADC module.

Another circuit, for which the board mask is
complete, will couple four gas valves (or other on-off
devices) to one of the two inputs of a CAMAC SPO module,
and provide four status signals per valve.

6.3.2.2 Magnet

6.3.2.2.1 Flutter Poles and Trim Rods

J.H. Ormrod

The flutter pole assemblies have been returned
and inspection confirmed that the manufacturer was able
to achieve the required tolerances on the trim rod hole
centers. This was especially important because of the
small clearance for the trim rods and the necessity to
align with the previously drilled holes in the circular
poles. All of the 104 trim rods were fitted before the
flutter pole assemblies were dowelled and bolted to the
circular poles.

The axial profile of the flutter poles is being
slightly modified for the next round of field measurements.
Approximately one millimetre was removed from the midplane
surface of the flutter poles at intermediate radii by the
same manufacturer who drilled the trim rod holes. Con-
toured shims have been made on site and will be attached
to the flutter poles when the trim rod installation is
completed.

During installation of the trim rods with their
holders, one of the rods jammed solidly and a 200 mm
length of rod had to be drilled out. The rod jammed
because it picked up a piece of swarf that had lodged in
a fissure at the side of the trim rod hole. The circular
pole consists of three discs, edge welded in a stack - two
discs 300 mm thick and the bottom one 500 mm thick. Flaws,
assumed to be piping in the poured billet, were discovered
in the middle of this bottom disc when the welded assembly
was being machined. The extent of the flaw was mapped
ultrasonically and the steel was considered acceptable
both mechanically and magnetically. However, these flaws
appear as fissures in 22 of the lower pole trim rod holes,
all about 250 mm from the lower surface. To eliminate a



recurrence of this problem, the edges of these fissures
have been ground back and the faces of the fissures will
be sealed with epoxy.

One upper quadrant of trim rods will be motor
driven and adjusted under computer control in the upcoming
magnet tests. The motor drive unit components have been
fabricated but not yet assembled. The CAMAC modules have
been received and the interface units designed and partially
assembled.

6.3.2.2.2 Trim Rod Passivation

J.A. Hulbert

The trim rods have been treated with a proprietary
chemical solution to give a rust-resistant, lubricant
coating of ^ 0.01 mm thick zinc phosphate.

6.3.2.2.3 Magnet Interlock

H.R. Schneider

Construction of the interlock chassis described
in PR-P-126, section 6.3.2.3.4 (AECL-7055) is complete.
Some minor rewiring of the interlock lines is necessary
before it can be installed.

6.3.2.2.4 Magnet Power Supply Cooling System

H.R. Schneider

The closed loop cooling system described in
PR-P-126, section 6.3.2.3.5 (AECL-7055) has been built and
installed.

6.3.2.3 Accelerating Structure

C.B. Bigham

Reassembly of the accelerating structure in the
dummy vacuum vessel was completed and a series of control
system and vacuum cryopump tests were carried out before
the tuners failed again. The tuners remain unproven but
relatively minor modifications are expected to solve the
problem.

The tuner development is aimed at simplicity of
construction and continuous adjustability under power.
Clamped tuners as have been used in most structures of
this type are mechanically complex and are not adjustable
under power which also complicates the contiol system.
Early tests indicated that small "finger contacts" would
carry the required currents. However, in the full-size
structure mechanical tolerances were not close enough for
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these small fingers and a set of contacts with a wider
mechanical range was developed. The first installation
of these contacts at the designed nominal 1 mm spacing
proved to be too tight so the spacing was increased to
2 mm. These failed at less than full voltage. In the
original design the contacts were mounted mechanically
and it is believed that the failure was because the mounting
was not tight enough at the wider spacing. The contacts
have now been soldered in place for the next tests.

The control system tests showed that with
appropriate tuner and voltage settings, the system pulses
through multipactoring and seeks the optimum tuner
settings automatically. The PA and structure tuners were
L;et initially by the CAMAC system with a MUMTI program.
Some additional interfacing is required for complete
computer control.

A brief attempt was made to obtain a voltage
calibration by the x-ray end point method. This still
gave multiple end points so the voltage calibration is
still uncertain. If the previous calibration is accepted,
the voltage reached at a frequency of 40 MHz was about
70 kV for the complete structure and about 100 kV for one
resonator (after the other tuner had failed).

In the vacuum tests, the cryopump filled easily
and could be operated continuously by "batch filling"
from a 50 L dewar. The liquid helium boil-off rate was
0.5 L/h without rf but it increased to ^ 3 l/h at ^ 70 kV
dee voltage. Some additional rf shielding will be added.
The lowest vacuum pressure reached was 'v. 6 x 10~4 p a
(̂  5 x 10~6 Torr), about a factor of 5 improvement due to
the cryopump. Rf conditioning was much easier with the
higher pumping speed.

6.3.2.4 Injection

6.3.2.4.1 Foil Changer

C.R. Hoffmann

Detailed design has been completed for the
mechanisms that load and remove foils from a conveyor
chain and drawings have been made. Foil holder, shroud
and shielding pieces have also been designed. The shielding
pieces protect parts of the conveyor chain in a dee from
rf heating.
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6.3.2.5 Extraction

C.R. Hoffmann

Quotations have beer, reviewed for a 10 0 kV,
1 itiA voltage stabilized dc power supply to drive the
electrostatic deflector and a supply has been ordered.

Fabrication of a vacuum envelope and cable clamps
for installation of a high voltage feed cable for the
electrostatic deflector is complete. Also an oil insulated
junction box and fittings have been made to high-voltage
test the feed cable before installation.

Calculations with GOBLINEX have been performed
to establish reference extracted trajectories out to the
entrance of the first magnetic channel segment for U at
10 MeV/u, C at 4 5 MeV/u and C at 23 MeV/u. These
trajectories will help fix new locations for hill lenses
and the electrostatic deflector. (Relocation arises from
moving the entrance of the electrostatic deflector radially
inwards ^ 5 mm. See PR-P-126, 6.3.2.5; AECL-7055.)
Magnetic fields for these calculations are supplied as a
main map (based on measured fields), with average perturba-
tion fields from iron extraction elements added before it
is isochronized, and a perturbation map. The perturbation

' map consists of differences between the perturbation fields
at their (R,6) mesh points and their average values
(averages taken around a circular orbit, radius R). It
extends over 360° and covers radii from 53 to 68 cm. Both
maps are read and superimposed in GOBLINEX. Satisfactory
trajectories have been obtained for U and C (45 MeV/u).
However, for C at 23 MeV/u adequate turn separation at
the deflector entrance, in cases studied so far, is
accompanied by orbit excursions that would strike hill lens
compensating iron elements. Analysis of this problem
continues. A plausible solution may be redesign of these
compensation elements.

6.4 Mechanical Laboratory

J.E. Anderchek

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

Total laboratory time breakdown in the quarter
is as follows:

Accelerator Physics Branch - 96.9 5%
Reactor Physics Branch - 3.05%
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6.4.1 High Current Proton Accelerator

Electrodes and electrode support rings for a
new internal water-cooled extraction column were fabricated.
One plasma aperture plate was repaired, a source electrodo,
a molybdenum-faced plasma aperture plate and five spacer
shims were made.

Two viewports were added to a section of the
Injector Test Experiment beamline.

Repairs were made to the grid resonator and
drive loop for the triode amplifier to correct arc damage.

The directional couplers for the buncher rf
system were modified to eliminate two low power connectors
and mechanical discontinuities which would produce rf
mismatches.

Ten high voltage vacuum type contactors were
modified for the rf system's high voltage dc power
supplies. The vacuum contact assembly on each was replaced
with a low-current chopping type.

A new section of beam pipe was fabricated for
the low energy beamline leading to the Alvarez tank
together with a section to accommodate an optical beam
profile monitor, and a set of supports was manufactured
for tests with post couplers on an Alvarez test tank.

6.4.2 Electron Test Accelerator

Modifications to the beam aperture of the beam
position monitor were made and the monitor has been sent
to the University of Saskatchewan for beam tests at
2856 MHz.

A cold trap was made to stop ion backstreaming
during the emittance experiment and insulating sleeves
were made to electrically isolate the trap from its
mountings.

Final machining and brazing of the swirl-tube
beam stop for the injector line was e'-'hieved.

The machining of the probe monitoring holes in
the Model 5 structure and the rf connector were completed.

Experiments to identify temperature gradients
in the furnace in Bldg. 4 29 were necessary and then the
five Model 5 sub-assemblies were successfully brazed.



- 101 -

6.4.3 Heavy-Ion Superconducting Cyclotron

The central discs that support the radiofrequency
coaxial lines and the innermost 16 trim rods had some of
the trim rod holes enlarged to align them with the holes
in the poles. Some of the trim rods and their holders were
modified to eliminate interference, and components for the
trim rod drives were fabricated.

An adaptor flange to mount an absolute vacuum
gauge on the radiofrequency vacuum vessel was fabricated
together with pressure adaptors for the cryogenic system
and clamps for rf panels on the cryostat inner wall.

A vacuum envelope and cable clamps for mounting
a high voltage electrostatic deflector feed cable in a
dee was made. An oil-insulated junction box for high
voltage cable tests was fabricated.

6.4.4 Reactor Physics

The fuel bundle assembly jig was fitted with new
end plates to allow for the assembly of BDL 422 - 21 element
bundles.

A foil hand punch was sharpened and several
hundred copper and aluminum foils were fabricated for the
counting room.

6.5 Publications, Reports, Papers, Lectures and Patents

Publications

SPARK-RESISTANT DESIGN FOR HIGH-VOLTAGE, HIGH-CURRENT
ACCELERATING COLUMNS
J.D. Hepburn, M.R. Shubaly and J. Ongrin
Proceedings of the 2nd International Conference on Low
Energy Ion Beams, Bath, England, "Low Energy Ion Beams,
1980", edited by I.H. Wilson and K.G. Stephens, published
by the Institute of Physics, pp. 158-162.

A HIGH-CURRENT DC HEAVY-ION SOURCE
Murray R. Shubaly
ibid., pp. 333-338.

CHEER (CANADIAN HIGH ENERGY ELECTRON RING)
S. Conetti, K.W. Edwards, R.J. Hemingway, D.E. Johnson,
J. McKeown, F. Mills, B. Norum, S.O. Schriber, R. Servranckx,
A. Skuja
Proceedings of the 11th International Conference on High-
Energy Accelerators, Geneva, Switzerland, July 7-11, 1980,
p. 189.
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NEUTRON PRODUCTION IN THICK TARGETS OF LEAD, THORIUM AND
URANIUM BOMBARDED BY 480 MeV PROTONS
J.S. Fraser, P.M. Garvey, J.C.D. Milton, F.M. Kiely,
I.M. Thorson and B.D. Pate
Proceedings of the Symposium on Neutron Cross-Sections
from 10 to 50 MeV, Brookhaven National Laboratory,
BNL-NCS-51245, Vol. I, 155 (1980).

Reports

DESIGN AND CONSTRUCTION OF A NOVEL COMPACT DOUBLY
ACHROMATIC ASYMMETRIC 270° MAGNET SYSTEM FOR A 25 MeV
THERAPY ELECTRON ACCELERATOR
R.M. Hutcheon and S.B. Hodge
Atomic Energy of Canada Limited, Report AECL-7057
September 1980.

THE ELECTRON TEST ACCELERATOR SAFETY IN DESIGN AND
OPERATION
J. McKeown
Atomic Energy of Canada Limited, Report AECL-6978
June 19 80.

Papers

STAGING AND ENERGY VARIATION FOR A HEAVY ION LINAC
S.O. Schriber

LINAC INJECTOR OPTIONS FOR THE MARIA SYNCHROTRON
H.R. Schneider

The above papers were presented at the MARIA Workshop on
Accelerator Systems for Relativistic Heavy Ions in Medical
and Scientific Research, Edmonton, Alberta, 1980 October
20-24.

A HIGH CURRENT FOUR BEAM XENON ION SOURCE FOR HEAVY ION
FUSION
Murray R. Shubaly and Robert W. Hamm
Paper presented at the Sixth Conference on the Application
of Accelerators in Research and Industry, Denton, Texas,
1980 November 3-5.

Lectures

DEVELOPMENTS IN ELECTRON LINEAR ACCELERATORS
J. McKeown
Seminar presented at the University of Montreal,
Montreal, Quebec, 1980 November 06.
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RADIO FREQUENCY QUADRUPOLE INFLUENCE ON THE HIGH CURRENT
PROTON LINAC PROGRAM AT CRNL
S.O. Schriber
Seminar presented at the University of Manitoba,
Winnipeg/ Manitoba, 1980 December 05.

HIGH INTENSITY IOH SOURCE DEVELOPMENT AT CHALK RIVER
M.R. Shubaly
Seminar presented at INRS Energie, Varennes, Quebec,
1980 December 17.

The lectures listed above may not be available in print.
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