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PHYSICS DIVISION SUMMARY

G.A. Bartholomew

1.1 Nuclear Physics Research

MP Tandem Operation

The accelerator availability markedly improved

in the last quarter continuing a trend that has persisted

throughout the year and reaching the highest level in

seven years. The main source of lost operating time

was failure of the extraction power supply.

Experiments running

Scheduled shutdowns

Unscheduled shutdowns

Progress is being made in the construction of a

high-precision charge balancing generating voltmeter

for the tandem.

Assembly of the major mechanical components of

the on-line isotope separator is now complete; some

electrical work remains before first operation can

begin.

Twenty-three experiments were performed involving

CRNL and 14 visiting scientists. The visiting scientists

were involved in experiments occupying 43% of the beam

time and their participation averaged 45%.

Research Activities

Doppler shift attenuation lifetime measurements

using He implanted targets bombardment with the ion of

interest (inverse reaction technique) have yielded

several precise lifetimes in nuclei between Ne and
3 4 S .

Analysis of fission lifetimes by the crystal

blocking technique for fission events in mercury and
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lead nuclei produced by bombarding a tungsten crystal

with C and 0 ions is complete. A long lifetime

component, ï5xlO~ s, is observed at some bombarding

energies but not at others. Work with crystals of

separated tungsten isotopes is planned.

An enhancement in heavy ion elastic scattering

cross sections at backward angles in magic nuclei was

investigated in a collaborative experiment with scientists

from Argonne National Laboratory.

In a second experiment involving scientists from

ANL a number of new high spin isomeric states in nuclei

with neutron number 82 were observed and some properties

determined.

In a collaborative experiment with scientists from

Lawrence Berkeley Laboratory, University of Victoria and

TRIUMF carried out at TRIUMF a mean life for muon-induced

fission was established and the fraction of the delayed

fission events ascribable to isomeric fission was determined.

A low-energy peak in the neutron spectrum following

deuteron bombardment of thick ^Be targets still eludes

explanation.

1.2 Accelerator and Applied Physics

Research Applications

Installation of the safety system of the fast

intense neutron source (FINS) is complete and the

accelerator has operated with a 13 inA deuteron beam on a

copper target.

The heavy ion cyclotron modelling program included

the following developments:
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Fabrication of the He cans is near completion

and fabrication of the main cryostat has begun.

Experiments on the magnet leads have confirmed

the design.

The lower half of the yoke is installed. Vibrations

in the lower pole jacking system are being investigated.

The apparatus for centering the pancakes during main

coil assembly is operational and assembly of the

coils has begun. The main coil power supply is on

order.

Fabrication of the main rf accelerating structure is

nearing completion and delivery is scheduled for

February.

Calculations on decentering the beam within the

cyclotron from stripper foil thickening have shown

the acceptance of the extraction system is adequate

without retuning the cyclotron.

Preliminary experiments on the field measuring

apparatus have shown the reproducibility is more

than adequate for normal field mapping and possibly

good enough for field stability measurements.

Fast Faraday cup experiments using the electron test

accelerator have measured 270 ps beam widths.

The beam transport system design has been further

refined and specifications for the complete system

are nearing completion.

Work on the computer-aided control system continued

with identification and correction of a number of

hardware and software errors.
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Nuclear Power Applications

a) High Current Test Facility

Design of a Freon 113 cooling system for the

filament circuit of the high power triode amplifier has

been completed and construction begun. The Alvarez tank

has been excited using the rf driver stage to levels

of 10 kW average power and 50 kW pulsed.

b) Electron Test Accelerator

Modifications to the beam-line have led to much

improved accelerator operation. Beam experiments underway

include measurement of radiation fields with self-powered

radiation detectors and study of the behaviour of the

beam position monitor.

The aluminum model of the pancake-coupled

structure has been tuned to 805 MHz. The first neighbour

coupling constant is 2.47% and experiments to increase the

coupling have begun.

Two of the four high power klystrons have vacuum

problems and a leak has been sealed in one of them.

Attempts to activate the cathode have started.

The Fast Fourier Transform Technique is now used

by the computer system to perform a spectrum analysis

on any analog line for frequencies below 20 Hz.

c) Ion Source Development

A duoPIGatron ion source suitable for high

current accelerator application is being developed. Studies

have begun of a multi-aperture source and extraction system.

d) Fertile-to-Fissile Conversion Experiments at TRIUMF

Analysis of data from the previous measurements

on neutron emission from U, Th and Pb target assemblies

has been completed. Plans for additional experiments,
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including collaboration with LASL, have been formulated.

First results from y-spectroscopy of target material

samples have been obtained. Calculations via VEGAS have

proceeded in preparations for improving the JULIAN code

to include fission and neutron emission competition in

the cascade process and more accurately predict the

evaporation neutron spectrum; thin target experiments

are being prepared to support this work.

1.3 Solid State Physics

Experiments to investigate, in solid CBr, the

liquid-like spectrum underlying the powder diffraction

pattern normally expected for crystalline materials

have been continued and analysis to obtain effective

pair distribution functions is in progress.

Further measurements of the frequencies of phonons

in Coo#92
peo 08 have led to the evaluation of the force

constants in a general force model with interactions

extending to fourth nearest neighbours. This model was

used to determine the phonon frequency distribution function,

the temperature dependence of the specific heat, the Debye

characteristic temperature and the mean-square displacement

of the atoms for this material.

Further measurements of the temperature dependence

of excitations in liquid He have been carried out above

and below the superfluid transition temperature.

Neutron scattering from magnetic excitations

in uranium nitride has been observed. Analysis of critical

scattering previously carried out in this material is now

complete.

1.4 Detectors

A CdTe detector grown by the travelling-heater

method has excellent characteristics viz., very low leakage

current, 6.0 keV resolution at ?0°C for 122 keV y-rays and



- 6 -

photopeak/escape peak ratio of 10:1. The detector is

suitable for most medical applications of these devices.

Special parallel-plate avalanche detectors
4

for studying delayed fission events following ( He,xn)

reactions on thick heavy element targets have been

constructed.

1.5 Applied Mathematics and Computation

Work continued on attempts to obtain numerical

solutions for the problem of hydrogen diffusion towards

a crack in a stressed solid, with particular attention

being paid to obtaining good estimates of the computational

error for the time-dependent case. The requirements of

this problem have motivated further work on the sparse

matrix option in FORSIM.

The study of methods for the integration of the

linear advective equation, as the simplest prototype of

hyperbolic differential equations, was completed (with

H.VT. Hinds, Reactor Control Branch). The study has

identified the most suitable techniques for problems

involving discontinuities, and the results can be used to

guide selection of methods for practical problems.

Development of an improved method for solving

the equations describing radiolysis in water and air

has been undertaken (with A.W. Boyd, Physical Chemistry

Branch). The problem is to develop a technique which can

successfully integrate the equations to the large reactor

times required in spite of the very short time constants

involved in part of the set of highly non-linear

equations.
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Miscellaneous programs and subroutines developed

or modified during the quarter include:

A program to calculate the transient behaviour

of platinum self-powered neutron flux detectors.

A comparison of a Monte Carlo code and a discrete

ordinates code for the multigroup neutron transport

equations with application to studies of breeding

in fusion-reactor blankets.

- A program to calculate fission gas release from a

fuel pin with the diffusion coefficient a function

of temperature and burnup.

A program to generate interpolating polynomials

to express power generation in a fuel element as

a function of enrichment and burnup.

Additions to the operating system of the CYBER 170/

6600 complex during the quarter included:

An extension to the COBOL compiler to accept some

IBM COBOL conventions, and the development of a

SNOBOL pre-compiler to aid in the conversion from

IBM to CDC COBOL.

An extension to the QUERY UPDATE information

retrieval language to permit more general use.

The addition of two new utility programs to the

system repertoire.

The installation of an updated version of the

International Mathematical and Statistical Library.

The remote access communication sub-system was

enhanced by the addition of several features to permit

handling of ASCII (96-character set) files as well as the

usual display code (64-character set) files. A mode of
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communication more appropriate for links to mini-computer

data collection systems than is the normal teletypewriter

mode is being designed.

The total workload of 75,220 jobs for the

170/6600 system originated as follows:

Percentage of Percentage of
Number of Jobs Total Utilization

0.02

29.84

16.71

6.74

5.68

0.68

0.35

3.62

9.60

Electronics, Instrument _ __
and Control U' O J

Advanced Projects & .. .,
Reactor Physics * ; 15.-J3

Fuels and Materials 14.61 7.6i>

Administration 0.99 0.16

Medical 0.16 0.01

Finance 2.02 0.52

Operations 3.90 1.25

General Services 0.15 0.05

Plant Design 1.21 1.25

Special Projects 3.17 0.61

Others 0.04 0.00

Heavy Water Projects

Power Projects

Whiteshell

CRNL:

Computing Centre

Contracts

Technical Information
& University Relations

Biology and Health Physics

Chemistry and Materials

Physics

0.12

16.99

4.39

22.48

2.13

Z.OJ

1.67

3.46

7.94
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Nuclear Physics Branch

J.C.D. Milton
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2.1 Staff

Branch Head: J.C.D. Milton
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F.J.
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Gallant
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Smith
Walker

an Group

F.H. Gibson

Students & Visitors

E.T.H. Clifford (3)

Laboratory Services & Workshop

G.M. Boire
M. Desrochers

C.S. Johnson (4)

Secretarial Staff

J.R.H. Bowes
S.M. Carlos (5)
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(1) Attached staff from Centre de Recherches Nucléaires,
67037 Strasbourg, France; arrived 1 November

(2) Postdoctoral Fellow

(3) Graduate student attached from the University of
Toronto

(4) Retired 30 November

(5) Resigned 29 December
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2.2 Accurate DSAM Lifetime Measurements in s-d Shell Nuclei Using

Implanted Targets

J.S. Forster, T.K. Alexander, G.C. Ball, W.G. Davies and
I.V. Mitchell (Solid State Science Branch)

The techniques described previously {PR-P-115: 2.10,

AECL-5966 and PR-P-113: 2.10, AECL-5802) have been used to
+ 34

measure the lifetime of the 2.13 MeV, 2 level in S. A
beam of 70 MeV S + ions bombarded a 25 ym thick foil of Cu

17 2 4

which had % 6 x 10 atoms/cm of He implanted near the sur-

face. Gamma rays emitted at 0° to the beam from the 2.13 MeV
34

level in S were recorded in coincidence with inelastically

scattered alpha particles; the particle counter telescope was

situated at 0° to the beam and observed scattered particles

in a cone from 0° to 23°.

The Doppler broadened lineshapes from this and earlier

experiments (PR-P-115: 2.10> AECL-5966) have been compared with

computer predictions in order to deduce mean lifetime values.

The results are shown in Table 2.2.1. These lifetime results

can be used as reference values and, in principle, with the

corresponding values from low velocity DSAM measuremen•n, can

provide corrections to the Lindhard theoretical estimate for

electronic stopping power.

The same lifetimes that we have measured for the first
22 28 32 34

excited states of Ne, Si, S and S have been measured

to high accuracy recently by Schwalm et al. (D. Schwalm, E.K.

Warburton and J.W. Olness, to be published in Phys. Rev. C)

and provide a test of our method. They also measured the life-

times of the first and second excited states in P. Their

lifetime values are given in Table 2.2.1. Our value for the

2.23 MeV level in P is considerably more accurate.
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Table 2.2.1

Summary of Lifetimes Measured by High Velocity DSAM

Nucleus E (MeV) J1* x (ps) b ) T (ps) c )

28Si 1.78 2 + 0,667 ± 0.035 .689 ± .025

3 1P 1.27 3/2+ 0.70 + 0.07 .75 ± .06

3 1P 2.23 5/2+ 0.363 ± 0.024 .37 ± .08

3 2S 2.23 2 + 0.240 ± 0.016 .242 + .011

3 4S 2.13 2 + 0.436 ± 0.026 .469 ± .031

2 2Ne 1.27 2 + 5.15 ± 0.31 5.44 ± 0.15

3.36 4 + 0.324 ± 0.009a)

" 4.46 2 + 0.015 + 0.003

" 5.15 2" 1.3 + 0.5

5.52 4 + 0.032 + 0.004

" 5.64 3 + 0.017 ± 0.003

" 6.31 6+ 0.078 ± 0.009

6.34 4 + 0.015 ± 0.003

6.64 (0-4)+ <_ 0.017

6.82 2 + <_ 0.13

a) average of five independent measurements.

b) our values.

c) values of D. Schwalm, E.K. Warburton & J.W. Olner, to
be published in Phys. Rev. C.
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2.3 Correlation in the Variation with Z„ of Apparent DSAM Lifetime

and Positron Lifetimes in Annealed Metals

T.K. Alexander, J.S. Forster, G.C. Ball, W.G. Davies and
K. Winterbon (Theoretical Physics Branch)

It was brought to our attention (A. Olin, private

communication) that negative meson X-ray yields show atomic

structure effects that may be related to the Z» oscillations

observed in the "apparent" lifetime of the 3.35 MeV level of
22Ne (Broude et al., Phys. Lett. 39B (1972) 185). In addition

Kunselman et al. (Phys. Rev. Lett. 2^ (1976) 446) have suggested

a correlation between the X-ray yields and positron lifetimes

in annealed metals (I.K. MacKenzie et al., Phys. Rev. Lett.

_34_ (1975) 512). We note that the "apparent" lifetime curve

of Broude et al. and the positron lifetime curve of MacKenzie

et al. are remarkably similar.
22

Since we have measured the Ne 3.35 MeV lifetime (see

PR-P-114: 2.2, AECL-5845), values of k/k___, the correction
Lbb

factors for electron stopping power assuming dE/dx = kv,

could be evaluated from the data of Toulemonde and Haas (Phys.

Rev. C15_ (1977) 49) (see PR-P-113: 2.7, AECL-5802). Through

the expression
T ^ [2 + 134 pa^ 3]" 1 ns
et — o

given by Brandt et al. (Phys. Rev. Lett. 35_ (1975) 1180) , where

4TT/3 r a p = 1 relates the Wigner-Seitz radius of the atoms
S O

in metals to the density p, values of r were obtained from the
—l /ft

data of MacKenzie et al. The curve 1.15 r Z_ vs Zo cor-

relates extremely well with the curve k/kTCe vs Z, over the large

range 3 <_ Z^ <_ 82. Good agreement is also obtained by re-nor-

malizing the r Z ~ ' curve to the correction factors for Na

ions given by Haas et al. (Nucl. Phys. A279 (1977) 237). This

procedure may be generally valuable for correcting theoretical

stopping powers for use in DSAM lifetime measurements performed

at v < 0.01 times the velocity of light, where stopping power

measurements are scarce.
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2.4 Lifetime Measurements of Compound Nuclei Preceding Fission

by Crystal Blocking

J.U. Andersen (Aarhus University), K. Jorgensen (Aarhus Univer-
sity), W.M. Gibson (SUNY, Albany), J.S. Forster, I.V. Mitchell
(Solid State Science Branch) and D. Ward

In previous reports (PR-P-115: 2.15, AECL-5966 and

references contained therein) we described crystal blocking

measurements of lifetimes of highly excited Hg and Pb nuclei

produced by bombarding a thin (̂  4000 8)* crystal of tungsten
12 16

with c and 0 ions. The data were analyzed by comparing the

experimental blocking patterns with computer predictions gener-

ated using the continuum string approximation (J. Lindhard, K.

Dan. Vidensk. Selsk. Mat.-Fys. Medd. 34.' no« 1 4 (1965)). One

assumption in this treatment is that the crystal thickness is

sufficient to produce statistical equilibrium in the transverse

energy of outgoing fission fragments. This is equivalent to

saying that the emitted fragments have lost knowledge of the

initial recoil direction of the compound nucleus. We have now

made a new measurement by bombarding a 1000 8 thick crystal

with 97 MeV 0 ions. The blocking pattern from this measure-

ment and previous ones at 97 MeV imply almost identical contri-

butions from a long-lived component in the fission yield, in-

dicating that the assumption of statistical equilibrium was

valid. •
12 16

All of the data for C and 0 ion bombardment of tungsten

is now analyzed. Excellent consistency has been obtained for

data taken at the same energy but using different major crystal

axes. Reproducibility at repeat energies in different experi-

ments has also been excellent. We have extensive data for 0

on W from 90 to 115 MeV bombarding energy. The long lifetime

component appears to make maximum contributions (̂  20%) at 90

MeV, decreasing smoothly to ^ 5% at 115 MeV. The recoil dis-

tance which gives the best fit to the data indicates the mean

lifetime of the delayed fission component is > 5 x 10 s.

*1 A = 0.1 nm
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There is an exception at 90 MeV bombarding energy where the

mean lifetime is ^ 1.5 x 10 s.

Only two bombarding energies, 80 and 87 MeV, have been
12used for C on W. At 80 MeV we find no long lifetime component,

but at 87 MeV we observe ^ 15% component for > 5 x 10 s.

Since there is such a dramatic difference between the amount of

delayed component between the two bombarding energies, further

experiments at 82 and 84 MeV bombarding energies are planned.

One of the major complications in comparing our experi-

mental results with theoretical statistical model calculations

is that natural tungsten consists of four separate isotopes of

roughly equal abundance. Future experiments are planned using

thin isotopically pure W crystals. Considerable progress has

already been made in fabricating these crystals. One gram of

each of the four W isotopes, enriched to ^ 96%, has been pur-

chased in metallic form and converted to WF_ gas. The crystals

are being grown at IBM laboratories, Yorktown Heights, by re-

acting H? and WF, over sapphire substrates; preliminary tests

of thin samples grown from natural WF, feed indicate high crystal

quality.

2.5 Parity Mixing in 21Ne

A.B. McDonald with E.D. Earle and M.A. Lone (Neutron and
Solid State Science Branch)

Measurements have been performed to determine the best

reaction with which to study the parity mixing of the 2 789 keV

(l/2~) and 2796 keV (l/2+) levels of 21Ne. The close proximity

of these levels, and the large retardation of the El transition

from the (1/2 ) level to the ground state are expected to result

in an exceptionally large Ml/El ratio (% 0.01) resulting from

parity violation in this transition (B. McKellar, private com-

munication) .
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1 Q

Excitation functions were obtained for the O(a,n),

'"°Ne(d,.p) and Ne(p,p') reactions at energies up to 6 MeV.

The Ne(d,p) reaction was found to populate the 1/2 level

preferentially at all energies studied and the large positive

Q-value (4.53 MeV) produced considerable gamma ray background
18

in the region of interest. The O(a,n) reaction preferentially

populates the (l/2~) level but the associated neutron flux

could create difficulties for experiments using Ge(Li) detectors.
21

The Ne(p,p') reaction was found to be significantly

more favourable. A resonance was observed for E = 4.1 MeV

which preferentially populates the l/2~ level and occurs below

the threshold for the production of neutrons or higher energy
21

gamma rays from Ne. We have recently performed more detailed

studies of this resonance to determine its total width and to

attempt to define its spin and parity.

Arrangements have been made to search for the parity

mixing of the l/2~ and l/2+ levels by detecting the asymmetry

in gamma ray yield following the (p,p') reaction usine; the

polarized proton beam at the University of Washington, Seattle.

2.6 A Model for Isospin Mixing in Light Nuclei

A.B. McDonald and E.G. Adelberger (University of Washington,
Seattle)

The calculations described in the last progress report

(PR-P-115: 2.12, AECL-5966) have been extended to include

the effect of the variation of nuclear radius with mass. All

parameters were multiplied by (A-I/A ) " ' (where A is the

mass of the core) and fits to mass differences were obtained

for varying values of A. In most cases, best fits were ob-

tained for X % +1, as expected, although for the lighter

nuclei X ^ 0. Most of the improvement in fits previously

attributed to the contribution of a charge symmetric nuclear
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interaction V(1-T T -))/2is also obtained with this variation
z z

of radius and tb-3 matrix elements of V for optimal values of

are much smaller than previously obtained.

The main features predicted by the model are unchanged :

matrix elements for analog-antianalog mixing are larger for

T = 3/2, T = (N-Z/2) = +1/2 nuclei and matrix elements for

T = 0 and T = 1 antianalog mixing in T = 2, T = 0 levels are

similar in size. Estimates of neutron decay widths of T = 3/2

levels assuming that the mixing is dominated by the antianalog

configuration, and using the symmetry potential to predict the

average excitation energy of this strength,are in reasonable

agreement with experimental results.

1.6 2fi 19 23
2.7 O + Mg and F + Na Complete Fusio \ Cross Sections

D. Horn, A.J. Ferguson and O. Hausser

The cross sections for complete fusion of 0 with ' Mg
19 23 42

and F with Na, both forming the compound nucleus Ca, have

been measured for center of mass energies f~on; 24.8 to 69.3 MeV

and 23.5 to 61.3 MeV, respectively. The aim of the experiment

was to compare the fusion excitation functions for the two en-

trance channels.

Fusion evaporation residues were detected using a AE/E

counter telescope of the gas/surface barrier type (see PR-P-114:

2.12, AECL-5696). Angular distributions were measured at most

energies, though in some cases, since the shape of the angular

distribution does not change rapidly with energy, only a single

angle was used, and the yield normalized to a distribution inter-

polated from two adjacent energies. The resulting fusion cross

sections are shown in Table 2.7.1.

Comparison with very precise measurements of o + Mg

fusion at lower energies (Tabor et al., to be published) shows

our lowest-energy cross section to be 30% too small, as might
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, Table 2. 7 .1

Fusion Cross Sections for O + Mg and F + Na

. 16^ . 26Ma) O + Mg

cm
(MeV)

24.8

32.4

40.2

47.4

52.6

59.4

Eex<
42Ca)

(MeV)

42.4

50.0

57.8

65.0

70.2

77.0

fusion
(barns)*

0.I3&

1.07

1.05

1.02

1.08

1.07

Error

(%)

+21
-11

+19
-14

±18

±12

±18

±10

69.3 86.9 0.92 ±10

19 23 +1 "î
b) f* + Na oo c en n n nn T-l-323.5

37.5

47.5

61.3

50.0

65.0

75.0

88.8

0.70

1.45

1.30

1.25

-1

±1

±8

±6

*1 b = 10"28 m2
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be expected from the low recoil energy of these residues. At

higher energies the agreement is good. A Glas and Mosel fit

to che data gives rc = 0.94 ± 0.08 fm, Vc = -10.5 ± 7.5 MeV

for 1 6O + 26Mg and r = 0.98 ± 0.04 fm, V = -21 ± 5 MeV for
19 23 C

F + Na. A possible explanation for the very high o. .
19 19 rusion

in the F reaction is that F has several nucléons in the sd

shell while 0 is a closed p shell nucleus. Such a shell ef-

fect has been proposed by the Argonne group to explain an ap-

parent step function in a f u s i o n vs Z p r o j e c t i l e for reactions

on C and O targets. Since,in our case, the compound nucleus

is the same for both reactions, as is approximately a e a c t : j o n

calculated using the quarter point method, a comparison of our

two reactions provides a new and important example of apparent

shell effects in the fusion of "light" heavy ions.

2.8 Resonances in the Elastic Back-Angle Scattering of C from Ca

T. Renner (Argonne National Lab.), D. Horn, G.C. Ball, W.G. Davies
and J.P. Schiffer (Argonne National Lab.)

Heavy ion elastic scattering cross sections for doubly

magic or semi-magic nuclei have recently been found to exhibit

enhancement at very backward angles. In particular, Braun-

Munzinger et al. (Phys. Rev. Lett. ^8 (1977) 944) observed

aelastic/GRuther|ord a s l a r g e a s 2' 6 x 1 0~ 2 f o r b a c k w a r d scat-
tered 1*>O from Si. A similar phenomenon has already been

seen for C + 0 and, more recently, C + Si. Our intention

was to look for an enhancement of this type using a beam of the
40

doubly closed nucleus, Ca.

The back-angle (6 = 174°-180°) elastic scattering of
12 40 12 40
C from Ca was measured by observing the reaction C( Ca,
C) Ca at forward laboratory angles (0 , = 0°-3°). The QD3

o
spectrometer, placed at 0 (lab) with a square 0.010 steradian
entrance aperture and a position sensitive heavy ion counter
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(PR-P-108: 2.16, AECL-5315) in the focal plane, was set to

observe C target particles recoiling from the Ca beam.

Beam particles were screened from the focal plane detector by

means of absorber foils. The beam was integrated by a small-

aperture silicon surface barrier detector placed inside the

scattering chamber at a precisely measured angle. Absolute

cross sections were obtained by normalizing to the calculated

small-angle elastic scattering cross section. The experiment

was performed at ten energies between E =29.8 and 33.9 MeV.

The maximum ° e l a s t i c / ° R u t h e r f o r d observed in this energy

range was 3 x 10 , two orders of magnitude below that found
16 28

for 0 + Si and, also in contrast to that experiment, less

than one order of magnitude above the value calculated using

the optical model. Nevertheless, strong resonances in the

excitation function, as observed by Braun-Munzinger et al. were

visible. Two maxima, at E = 30.7 and 33.5 MeV were apparent.

The energies of these resonances agreed with optical model cal-

culations and their spacing was consistent with a difference of

2 -fi in the entrance channel angular momentum.

2.9 A 2 ys J^ = 21/2+ Isomer in 3Ru

O. Hausser, B. Haas, H.R. Andrews, T.K. Alexander, D. Horn,

D. Ward and I.S. Towner (Theoretical Physics Branch)

We have used standard gamma-ray spectroscopy techniques

to continue our study of the shell structure in nuclei with N

^ 50 (see PR-P-114: 2.6, AECL-5845). Following bombardment of

Cu with 120 MeV S, we have found a new isomer with a half

life, T,,2 = 2.05 + 0.08 ys and an uncorrected g-factor, g =

0.8 38 ± 0.002. From y-y coincidence measurements the decay of

the isomer was established as proceeding by three cascade gamma

rays of 146.2, 544.6 and 1392.2 keV. The angular distributions
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are compatible with those of stretched E2-transitions. We sug-

gest that the isomer is populated by the Cu( S,p 3n) Ru re-

action and has J = 21/2 for the following reasons:

a) In previous work (Nilsson and Grecescu, Nucl. Phys. A212

(1973) 448) delayed gamma rays of 544.2 and 1392.1 keV were
92 93

seen and attributed to the Mo(a,3n) Ru reaction, although

their quoted half-life is shorter by a factor 20 than ours.

b) The energies of the 9/2+, 13/2+, 17/2+ and 21/2+ states agree
93to better than 80 keV with those calculated for Ru using

the effective interaction of Serduke, Lawson and Gloeckner

(Nucl. Phys. A256 (1976) 45).

c) The inhibition of the 21/2+ •+ 17/2+ E2 transition, B(E2, 21/2+

->• 17/2+) = 3.12 ± 0.12 e fm is predicted by this shell model

calculation.

d) The g-factor in Ru is similar to but slightly small than

that of a similar 21/2+ isomer in 9 1Mo (g(91Mo) = 0.853 +

0.007, see PR-P-113: 2.4, AECL-5802). The g-factor difference

is likely caused by the buildup of the (g7/2
g9/2) P r o t o n core

polarization as the proton number n is increased. This effect

has been shown (0. Hausser et al., Nucl. Phys. in press) to

be responsible for the difference in the g-factors of 8 states
92 94in Mo and Ru.

2.10 High Spin Isomers Around N = 82

B. Haas, O. Hausser, D. Horn, H.R. Andrews, D. Ward with
T.L. Khoo and R. Smither (Argonne National Laboratories)

Recently a search for high spin isomeric states ("Yrast

traps") was reported in the literature (J. Pedersen et al.,

Phys. Rev. Lett. ,3£ (1977) 990). Several isomers in the nano-

second time range and with gamma-ray multiplicities between 8

and 18 were found to exist in the region 64 £ Z £ 71 and N ^ 82.
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Table 2.10.1

Properties of Observed Isomers

Compound <M>a' Identity No. of y rays Total Energy
, ,_ in longest of y cascades

n u c l e u s cascades (MeV)

154 lfi+2 o 5 2' 5

Er 18 + i ? 9 4 > g

156pr 15 + 2 -> 5 2" 8

E r 15 ± 2 ? 1 2 6 # 5

152 1 5 + 2 ? 9 5- 9

Dy 15 ± d i 1 2 7 > 0

1 5 6Dy 1 2 + 2 1 5 2Dy 9 5.1

1 5 2Dy 12 6.1

? 14 7.7

a) Multiplicity values reported in J. Pedersen et al.

Phys. Rev. Lett. 39_ (1977) 990.
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The purpose of the present work was to investigate in more

detail the properties of these high spin states, e.g. spin,

parity and lifetime as well as to establish the decay schemes

of the nuclei to which they belong. For the study of

delayed gamma cascades of high multiplicity in this N-Z region,
32 122

we used a 145 MeV S pulsed beam to bombard targets of Te,
124 120 122 124

Te, Sn, Sn and Sn. Gamma-gamma coincidence data

were obtained with two Ge(Li) counters for the delayed transitions.

In order to reduce the background of low multiplicity events,

we used a multiplicity filter consisting of four Nal detectors

and required multifold gamma-ray coincidences between the Nal

and either Ge(Li) counters. Delayed gamma-ray angular distri-

butions, excitation functions (129-153 MeV) and in-beam prompt

Y~Y coincidence data were also obtained. Preliminary results

are presented in Table 2.10.1. A delayed alpha particle-multi-

plicity filter coincidence experiment was carried out to see

whether the isomers are alpha unstable. We found no evidence

for such a situation. It is hoped that future work will assign

the experimental isomers lying around 6 MeV excitation energy

to the recently predicted traps (T. Dossing et al., Phys. Rev.

Lett. _3JL (1977) 1395) connected with the nuclear shell structure

for weakly deformed potentials.

2.11 Isomer "earch in the N = 126 Isotones

D. Horn, O. Hausser, B. Haas, T.K. Alexander, H.R. Andrews
and D. Ward

High-spin isomers are known in the N = 128 isotones for

proton numbers up to Z = 86 (Horn et al., Phys. Rev. Lett.

2i (1977) 389 and references therein). In an effort to extend

this regime to Z = 88, we have bombarded targets of Tl and

Pb with beams of C at energies between 72 and 86 MeV.

Measurements of prompt and delayed gamma-ray excitation functions,
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angular distributions, linear polarizations, g-factors and

Y~Y coincidences were performed. Analysis is in progress;

however, some experimental features are already apparent.

The C + Tl data indicate that above the previously

known J11 = 29/2+, 2537 keV isomer (Tx >2 = 238 ns) in
 2 1 3Fr

(Hausser et al., Phys. Lett. 6 3B (1976) 279), there are isomers

at 4992 keV (T1/2 = 12 ns) and 6575 keV (T 1 / 2 = 7 ns) with a

possible additional short-lived isomer (T1 ,2 < 5 ns) at 3654

keV. Though the level scheme and gamma-ray multipolarities

have been determined, final spin-parity assignments await

analysis of the polarization and g-factor data.

In the C + Pb experiment, a gamma cascade containing

three isomeric transitions was observed and tentatively identified
+ 214

as feeding the known 67 us 8 isomer in Ra. This half-life

is too long to allow the use of standard y-Y coincidence tech-
214

niques for connecting the cascade with known Ra transitions,

but preliminary analysis of X-ray coincidence data suggests

that the nucleus is Z = 88. Furthermore, results of cross bom-

bardment of 2 0 6' 2 0 7
 an<j

 2 0 8Pb indicate that the observed delayed

transitions arise from the Pb( C,5n) Ra reaction. A slow

(̂  100 ys) coincidence experiment should beiperformed to estab-

lish the connection firmly. An interesting feature of the cas-

cade is the apparent "bypassing" of an isomeric level (at 2677
214

keV in Ra if our identification is correct) by one branch of

the cascade.

TOO

2.12 Half-life for Muon-induced Fission of U
O. Hausser, J.C.D. Milton with S.N. Kaplan (Lawrence Berkeley
Lab.), G.A. Beer, J.A. Macdonald and R.M. Pearce (University
of Victoria and TRIUMF)

Data obtained at TRIUMF on the mean-life for muon-
238

induced fission of U (PR-P-115: 2.5, AECL-5966) have now

been analyzed. The time distributions can be well fitted with

a single lifetime Tf = 75.9 + 1.5 ns. This value is in good



- 27 -

agreement with the most recent determination of the muon decay
238

lifetime in U, T = 73.5 ± 1.9 ns (Johnson et al., Rochester

Annual Report 1976, p.198). From the similarity of T and xf

an upper limit of a few % can be placed on the radiationless

population of the fission isomer by the muon cascade (see S.b.

Bloom, UCRL-76974). Assuming that the lifetime for the gamma

back decay from the fission isomer to the first well is 12 ns

(as suggested by the data of Fromm et al., Nucl. Phys. A278

(1977) 387) we have found that isomeric fission accounts for

< 6% (two standard deviations) of the delayed fission events.

The ratio of prompt/delayed fission events was determined to

be 6.5 ± 0.5%.

A multi-detector system to investigate muon-induced

fission of U is being constructed.

107
2.13 Final Results from the Analysis of the Cd Vacuum Deorientation

Data

H.R. Andrews, R.L. Graham, J.S. Geiger, 0. Hausser, D. Ward
and D. Horn

The perturbed angular correlation data obtained for the

21/2+ (g_. = 0.866) and ll/2~ (gM = -0.195) isomeric levels of
107

Cd nuclei recoiling in vacuum (PR-P-112: 2.7, AECL-5696)

have been analyzed with the Monte Carlo program that simulates

perturbations to the nuclear alignment in free atomic systems

(PR-P-112: 2.9, AECL-5845). The existence of two isomeric

levels of quite different spins and g-factors in the same

ionic environment allows several detailed conclusions to be

drawn about the system:

1) The establishment of a hard core G_(t) for the 21/2+ data

for time greater than 50 ps shows that a static situation

exists after this time and therefore that the decrease of

G~(t) for the ll/2~ level, which continues for ^ 300 ps,

is due to a distribution of static fields.
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2) The mean atomic spin implied by the hard core G 2 for the

11/2 level is ^ 3.5; this predicts a hard core value of

^ 0.77 for the 21/2 state. The experimental value is

'v» 0.65. This is taken as evidence of time dependent per-

turbations in the first 50 ps since the 21/2 level is

more sensitive to time dependent effects because of its 4

times larger g-factor. The results of Monte Carlo calcul-

ations show that an average of two atomic randomizing transi-

tions with a correlation time of ^ 20 ps is sufficient to

reconcile the hard core values for the two cases. Shorter

correlation times are ruled out by the initial rapidity of

the decay of the 21/2 alignment.

3) The decay of the alignments of both levels can be reproduced

with a Gaussian field distribution with a mean of 350 T and

a width of 525 T.

The parameterization (3 above) which fits the vacuum

data is currently being used in conjunction with the simulation

program to interpret our results for Cd recoiling in He gas

(PR-P-106: 2.4, AECL-5226).

2.14 Very High Spin Rotational States in 1 5 6Dy

0. Ward, H.R. Andrews and O. Hausser

We have made a detailed study of the reaction Nd( C,

5n) Dy at 70-84 MeV using gamma-ray techniques. This nucleus

is of interest since a band crossing occurs at spin 16 + and

both the ground band and yrast bands have been previously ob-

served to spin 20 (H.R. Andrews et al., Nucl. Phys. A219 (1974)

141). Preliminary analysis indicates that the ground band

sequence can be established to spin 26 , and the yrast sequence

to spin 30 . The moment of inertia of the yrast sequence is

remarkably constant from spin 20 + to 30 + lying in the region
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125 < -tf /2$ < 130 (MeV ). There is no second anomaly in the

yrast moment of inertia in this region, in contrast with the
1 CO J_

recent observation of a second backbend in Er at spin 26

(I.Y. Lee et al., Phys. Rev. Lett. 2§. (1977) 1454).

Although there are no sharp discontinuities in the ground

band sequence, its moment of inertia increases steadily with

spin from -fi2/2/ £ 44 MeV"1 at spin 2 + to -n2/aT % 127 Mev"1 at

spin 26 where it exceeds that of the yrast sequence. The

ground band lies about 250 keV above the yrast sequence from

spin 20 through spin 26 . Except at the crossing point (spin

16 ) there appears to be very little mixing between the bands

as evidenced by the lack of intra-band transitions even where

they are energetically favoured.

Further analysis is in progress.

2.15 Beta-Neutrino Correlations from the Kinematic Shift of

Beta-Delayed Particles

E.T.H. Clifford, J.C. Hardy, H. Schmeing (Neutron and Solid
State Physics Branch) and R.E. Azuma (University of Toronto)

A complete knowledge of the response function of the

beta-telescope used in the kinematic shift experiment (PR-P-

114: 2.8, AECL-5845) is required for an accurate interpretation

of the data that have already been obtained for the beta-
20

delayed alpha-decay of Na. Preliminary measurements of this

response function have been made using prepared beta sources

together with the TT/2 beta spectrometer to provide monoenergetic

beams of both electrons and positrons with continuously vari-

able energy up to 3 MeV. The electron source used was Ru:

R U ; R h ; ioe p d (end p o i n t ( i o 6 R h ) = 3>5 MeVf (io6 R u )

66
= 369 days). A positron source, Ga (end point = 4.2 MeV,

t. ,2 = 9.5 hours), was produced by bombarding a natural zinc

target with 13 MeV protons from the MP tandem accelerator. The

experiments are still in progress.
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2.16 Excited State Lifetimes in Br Measured by the p-X-ray

Coincidence Technique

J.C. Hardy

The p-X-ray coincidence technique for measuring excited-

state lifetimes was first developed at Chalk River several

years ago (PR-P-103: 2.14, AECL-4931). Since then it has been
6 9

applied to the measurement of states in As (Hardy et al.,

Phys. Rev. Lett. 21_ (1976) 133). Although in that case the

variation of lifetime with excitation energy showed some de-

viation from a statistical-model interpretation, the lack of

counting statistics precluded a definitive conclusion.

A similar experiment has been performed on states in

Br populated following the beta-decay of Kr. The Kr

was produced in the ISOLDE isotope separator at CERN (work

done in collaboration with Hagberg, Hansen, Hornskoj, Jonson,

Mattsson, Tidemand-Petersson, and Asboe-Hansen). In about

eight hours of data collection, results with comparable statis-

tics to the earlier As work were obtained. Statistical model

analysis is now in progress, with preliminary results indic-

ating that a similar discrepancy between theory and experiment
73 69

exists for Br as did for Ar.

2.17 The On-Line Isotope Separator

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

Assembly of all major mechanical components of the on-

line isotope separator is now complete. Water and electrical

service to the pumps and valves has been installed for local

control, and vacuum tests are underway. Controls for remote

operation of the vacuum system have been delivered and will

be installed shortly.
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The magnet and trim-coil power supplies have been in-

stalled and successfully tested. All remaining electrical

units have been ordered, with the latest delivery scheduled

for early in the new year. In anticipation of their arrival,

plans for the control wiring and ion-source cage construction

are well advanced (with the assistance of the Plant Design

Branch). First operation of the separator in its off-line mode

is anticipated to follow shortly after arrival of the high-

voltage supplies, and should occur before the next progress

report.

2.18 Tandem Electronics

J.P.D. O'Dacre

Refinements have been made to the mechanical construction

and electronics of the charge balancing generating voltmeter

(PR-P-113: 2.27 , AECL-5802). Short-term stability of one part

in 45,000 is indicated. Long-term stability measurements are

as yet inconclusive because of what appears to be lack of suf-

ficient rigidity in the bench test mount; however the device

is sufficiently promising at this point to be pressure tested

for leaks and more importantly to determine if the motor has

sufficient torque to turn the vanes at full speed in 620 kPa

of SF, gas.

The power supplies and control system for the isotope

separator beam optics (PR-P-J.^: 2.24, AECL-5966) have been com-

pleted; wiring checkout and circuit performance tests will begin

shortly.

The radiation alarm system (circa 1964) for the MP tandem

complex has been redesigned to use integrated circuits, and up-

dated by doubling the number of inputs to provide for any future

cyclotron requirements. The original concept of multilevel

audio alarms has been maintained. The resulting electronics
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requires 50% less space with increased reliability and service-

ability.

2.19 Computers and Instrumentation

R.E. Howard

Early this year a Tektronix 4010 storage scope display

terminal was installed on the PDP 10, replacing one on loan from

the University of Toronto. This display, the second on the PDP 10

(now one of three) has proved very useful, largely because the

complete package of programs developed at the University of Toronto

was available for use. Two of these programs, PKFIT, have now been

modified to use GATHER files. They are available on MASTER under

the names HANAL and FIT.

2.20 Target Preparation

J.L. Gallant and D.J. Yaraskavitch

The following self supporting targets were prepared

for Nuclear Physics experiments performed during the quarter:
2 48 11 3 2

y p p
122- 124 124_ 148W. 116_, r=i 30c. 206p. 207D.Sn, Sn, Te, Nd, Cd, Ca, Si, Pb, Pb,
6 5Cu, 2 0 3Tl, Zn, 7Li, 2 0 8Pb, 2 0 8Pb as PbO, Au, C, W, Al, Lu,

Ta, Dy, 2Te. In addition 7Li, Sn and Al were pro-
2

duced on lead backings. A total of 220 carbon foils (5 ng/cm )
o

were mounted for the terminal, 40 (10 pg/cm ) for the high
o

energy and stripper. Several 20 pg/cm carbon films were tested

on prototype cyclotron stripper foil frames for foil lifetime

experiments.

Work done for other branches

Beryllium, aluminum, gold and silver targets were pre-

pared for D.C. Santry and I.V. Mitchell of the Solid State

Science Branch. Beryllium, calcium and sodium targets of var-

ious thickness were made for M.A. Lone (Neutron and Solid

State Physics Branch).
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Design of the Bean Transport System for the Superconducting

Cyclotron

W.G. Davies and A.R. Kutledge

Acceptable solutions for matching the transverse phase

space to the acceptance of the cyclotron beam have been found

for U-3, U-10 and C-15. In these solutions the longitudinal

matching elements BI5 and 6 and their associated quadrupoles

were redesigned (see PR-P-115: 2.19, AECL-5966; PR-P-114: 2.16,

AECL-5845) to reduce their aperture requirements, as well as

those of QI15. The redesign has reduced the aperture by about

a factor of two to 8 cm but at this value the y magnifi-

cation at the cyclotron stripper is about 1/2 its optimum.

Except for a reduction in stripper foil lifetimes, there will

be no noticeable degradation of the performance of the cyclotron.

Some reduction in the y size is also indicated for U-10 and all

ions heavier than iodine.

Minor changes have been made to all parts of the injection

line in order to produce better solutions and to minimize the

number of different types of quadrupole elements. Some reoptimi-

zation of certain sections is still necessary but has been de-

ferred until after the tolerance calculation and specifications

have been completed.

Most of the tolerances have been calculated for the ele-

ments of the injection and extraction lines and their power

supplies. For the quadrupoles, the accuracy and stability of

the magnetic centers, and the allowable harmonic content have

been determined; for the dipoles, the requirements on the homo-

geneity, the effective lengths, and pole edge rotation angles.

Solutions have been obtained for the recently relocated

isotope separator and activation line positions, and the entire

extraction line has been reoptimized to maximize the use of

standard elements. As a result of the reoptimization, five

quadrupole singlets were eliminated and the need for two special

elements was averted.
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The total beam transport sytem now contains 14 bending

magnets and 111 quadrupole singlets; with nine dipole and 58

quadrupole power supplies.

Specifications for the complete beam transport system

are nearing completion.

2.22 Avalanche Counters for Delayed Fission Studies

0. Hausser, T.K. Alexander, D. Horn, J.C.D. Milton, D. Ward,
H.R. Andrews, N.C. Bray and R.A. Surette

A previous attempt to study delayed fission events
4

following ( He,xn) reactions on thick targets (PR-P-115: 2.4,

AECL-5966) was hampered by the sensitivity of gas scintillation

and surface barrier counters to alpha particles. We have now

constructed and tested several parallel-plate avalanche detectors

which appear to be well suited to this application. The detectors
2 2

consist of two 30 cm , 0.25 mg/cm thick layers of aluminized
mylar separated by ^ 3 mm and operated at 1.33-2.67 kPa isobutane.

" a
The detectors have been operated successfully at rates of 10 a/s

4 9

and 10 fission/s. After detecting ^ 10 fission particles,

the cathodes showed serious deterioration, probably as a result

of sputtering. This problem was eliminated by using thick,
239

polished Al cathodes. For the Pu isomer, populated by the
2 38 "? *}Q

U(ct,3n) Pu reaction at E = 3 3 MeV, a half-life of 6 ± 1
-5

ys and a prompt/delayed fission ratio of 2.6 x 10 are in rea-

sonable agreement with previous data obtained with thin targets

(Wolf and Unik, Phys. Lett. 38B (1972) 405). Ah attempt to
2 39 2 38

measure the Pu g-factor is planned using molten U targets.
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2.23 Computer Aided Control System for the Superconducting Cyclotron

and MP Tandem

R.L. Graham, L.D. Hansen (Mathematics and Computation Branch)
R.B. Walker, L.V. Smith and B.F. Greiner (Technical Information
Branch)

During the past quarter, the PDP-11/34 computer and the

CA-11C CAMAC interface have performed reliably although certain

infrequently used features of the CA-11C remain to be tested

thoroughly.

The byte serial highway became operational on October

31 following delivery of the L2 serial crate controllers. With

this, the education station became functional enabling MUMTI

users to write programs to operate a power supply, a stepping

motor, a multiDAC, a scanning ADC etc. An HP3450A digital volt-

meter has been interfaced and the development of software routines

for the field mapping has begun. An interface for up to twenty

three devices in the ion cage is under construction. On December

5, coaxial cables were installed from building 137 to building

467 to serve as a bit serial CAMAC highway. This will permit

the PDP-11 to control the equipment that will be used to map

the magnetic field of the cyclotron test magnet now being as-

sembled in building 467.

Two of us (LDH and BFG) spent the six week period from

October 28 to December 12 working with the VICKSI control group

at the Hahn-Meitner Institute in Berlin. This gave us a better

understanding of the VICKSI software and the opportunity to up-

date the software currently being used in the PDP-11 at CRNL.

2.24 Response Functions for Gamma-ray Detectors

A.J. Ferguson, H.C. Lee (Theoretical Physics Branch) and
M.A. Lone (Neutron and Solid State Physics Branch)

A Monte Carlo program originally written to evaluate

the contribution of the coincidence backscattered gamma-ray
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spectrum in two gamma-ray detectors used in the search for

two quantum capture of neutrons by protons (Nucl. Instr. &

Meth. 131 (1973) 199) and to study the response of a two-

detector gamma ray spectrometer (PR-P-113: 4.11, AECL-5802)

has been modified to evaluate the response function for mono-

energetic photons in a single detector. It is intended to use

the program to obtain response functions for both Nal(Tl) and

plastic scintillation detectors. These response functions will

be used to construct inverse matrices for stripping pulse

height distributions measured in (n,y) reactions.

A preliminary version of the program is in operable

condition. Edge effects and the response of the photomultiplier

are currently ignored. Preliminary results for a 5 inch diam

by 6 inch long Nal(Tl) detector show excessive response in the

photopeak.

2.25 MP Tandem Operation

J.C.D. Milton

The availability of the tandem climbed substantially

for the fourth consecutive quarter to its highest level in

seven years. The tank was opened once, to replace the stripper

foils; at that time two pelletron idlers were found to be

defective. The main source of lost time was again the extrac-

tion power supply; however it has run without interruption

since late October.

The enhanced availability resulted in a very large

number of successful experiments, 23. They involved CRNL

and 14 visiting scientists. The collaborative experiments

utilized 43% of the time during which the visitors provided

45% of the effort.
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Table

Beam Available

Scheduled Shutdown

Unscheduled Shutdown

2.25 .1
hours

1432.6

249.0

430.4

%

67

11

20

.8

.8

.4

2112.0 100.0

2.26 Standardization of 137Cs
J.S. Merritt and F.H. Gibson

We have assessed the systematic uncertainties associated

with the recent measurement of activity of a solution of Cs
134by the 4ir3-y efficiency tracing method in which Cs was used

as the tracer (PR-P-115: 2.27, AECL-5966). The most serious

among them arises from decay-scheme corrections for the branching

ratio, b, to the 662-keV level of Ba and for the total inter-

nal conversion coefficient, a , of this transition. The fol-

lowing published data were used to evaluate the correction factor
137

(1.0946) applied to the 4ir-counting rate for Cs and its

daughter to deduce the Cs activity:

Hansen et al.
Z.Phys. 218(19^9)25

Legrand et al.
CEA R-4428 (1973)

Goodier et al.
IJARI 2^(1975)490

Merritt et al.
Anal.Chem. 37(1965)351 0.952+0.010

0.946±-0.003

0.947+0.010

0.955±0.013

0.1121±0.0005

0.1106+0.0010

0.1100+0.0006

0.1100+0.0011

Correction Factor

1 + [baT/(l + aT>]

1.0954

1.0943

1.0946

1.0943

Average 0.947+0.003 0.11105±0.00058 1.0946±0.0006
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The larger of the computed internal and external errors for

b and a is given above, and these were the internal and ex-

ternal errors respectively. The combination of these errors

gives an uncertainty of ± 0.0006 in the computed correction

factor, 1.0946, or a fractional uncertainty of ±0.05%. Instead

of this we have allowed ± 0.07% for this systematic uncertainty,

which is the effect of the maximum difference between the cor-

rection factor calculated from an individual set of data and

the correction factor computed from the average values.

The systematic uncertainty in the final result from

error in dead-time corrections was estimated by recalculating

the result for a set of experimental data (PR-P-115: 2.27, AECL-

5966) with a dead-time value different by the uncertainty in it.

This gave a result different by 0.022%. Other sources of

systematic uncertainty are in corrections for 1) sensitivity
134

of the 4ir-proportional counter to 662-keV photons, 2) Cs
134

impurity and 3) decay of the tracer, Cs., since its standard-

ization in March, 1977; these are assessed as + 0.024, ± 0.010

and ± 0.036% respectively.

The sum of the above systematic uncertainties is ± 0.16%.

This was added to three times the statistical error in the

measurement (3 x 0.15%, PR-P-115: 2.27. AECL-5966) to get the
137

uncertainty in the Cs standardization.

2.27 Half-life of 9 9Tc m

J.S. Merritt and F.H. Gibson

The half-life of a sample of , Tc m has been measured in

the 4 Try ionization chamber. The sample was obtained from the

U.S. National Bureau of Standards (NBS) who issued it as a

standard reference material as part of a program jointly spon-

sored by NBS and the American Naticnàl Standards Institute for

calibration and test of instruments used by nuclear-medicine

clinics. The purity of the sample was assessed by Ge(Li) gamma-
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99
ray spectrometry and the only impurity found was Mo. The

decay of the Tc m sample was followed in the 4TTY ionization

chamber for a period of 90 hours. The stability of ths ion-

ization-chamber system was found to be within < 0.02%, which

*.a the statistical uncertainty of observations of the response
226

for a Ra reference source taken at intervals during this

90-h period. Corrections were made to the individual data
99

points for the Mo contribution at each measurement time;

initially these were % 0.1% and after 90 h essentially all of
99

the response was from Mo. The result for the half-life of

Tc m computed from a least-squares fit to the data was 6.0078 h

with a standard deviation of ± 0.0007 h. Error in the assess-
99

ment of the Mo impurity is estimated to cause a systematic

uncertainty of < ± 0.05% in the half-life result. By adding

this to three times the statistical error in the measurement

our value is 6.008 + 0.005 h. The most precise among published

values for this half-life is 6.007 h by Goodier and Williams

(Nature 210 (1966) 614), who obtained a standard deviation of

0.01% and estimated their total systematic error as ± 0.03%.

For nuclear medicine the MEDLIST value of 6.02 ± 0.03 h (ob-

tained from the Evaluated Nuclear Structure Data File) currently

is used.

2.28 Improved System for Pulse Height Data Acquisition

F.H. Gibson

Coaxial cables have been installed between rooms 2 and

21 in Bldg. 114. This now provides a link between detectors

in the Radioisotope Standardization laboratory and the PDP-8

data acquisition system which is equipped with a 262 K word

disk and magnetic tape unit. This allows data to be taken and

stored on magnetic tape, and permits use of the program pack-

ages available on this system reported by R.L. Graham (CRNL-

731, 1972). Previously the only means of data storage has been
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on paper tape which becomes very bulky for 4 K channel spectra.

Tests indicate that this link neither introduces noise

to the system nor causes any deterioration in the attainable

resolution with the VIP Ge(Li) detector.

2.29 Standards Issued

J.S. Merritt and F.H. Gibson

Ten sources of Cs were supplied to the following

branches: Environmental Research, General Chemistry, Health

Physics, Nuclear Physics, Radiation & Industrial Safety,

Reactor Control, Reactor Physics, System Materials, NBS, and

Analytical Science (WNRE).

2.30 Miscellaneous Services

J.S. Merritt and F.H. Gibson

At the request of the Atomic Energy Control Board the
241

activity of one of their sources of Am was estimated by

relative gamma counting versus a CRNL standard.

Four counter windows were prepared for Nuclear Physics

branch by laminating 15 layers of VYNS plastic film.

The following sources were prepared:
51Cr Neutron & Solid State Physics

Co Reactor Control
90

Sr Chemical Operations

Ru Nuclear Physics
1 3 7Cs Health Physics
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2.31 Effect of Pulse-height Saturation on Stilbene Neutron

Detector Efficiency

M.A. Lone (Neutron and Solid State Physics Branch), E.D. Earle
(Neutron and Solid State Physics Branch), A.J. Ferguson and
B.C. Robertson (Queen's University)

See 3.14.

2.32 Thick Target Neutron Yields and Spectral Distributions from
7Li + a Reactions

M.A. Lone (Neutron and Solid State Physics Branch), E.D. Earle
(Neutron and Solid State Physics Branch), A.J. Ferguson and
B.C. Robertson (Queen's University)

See 3.15.

2.33 The NRU Double Photon Measurement

E.D. Earle (Neutron and Solid State Physics Branch) and
A.B. McDonald

See 3.16.

2.34 Laser Magnetic Resonance

D.R. Smith, J.D. Bonnett and E.B. Selkirk (Physical Chemistry
Branch) with J.S. Geiger

See PR-CMa-43: 3.2.4.
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2.35 K-Shell Ior.ization Cross Sections in Heavy Ion-Atom Single

Collisions: A Test of Generalized Scaling Laws for Single

Collisions

W.N. Lennard, I.V. Mitchell, D. Phillips (Solid State Science
Branch) with J.S. Forster

See PR-CMa-43: 1.2.1

2.36 Heavy Ion Stopping Powers at Low Energies

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

See PR-CMa-43: 1.2.6

2.37 Publications and Lectures

a) Publications

THE LOW SOLAR NEUTRINO FLUX: A SEARCH FOR A RESONANCE IN Be
A.B. McDonald, T.K. Alexander, J.R. Beene and H.B. Mak
Nucl. Phys. A288 (1977) 529

SEARCH FOR A 0 + LEVEL NEAR THE 8.87 MeV,2~ LEVEL OF 60
A.B. McDonald, T.K. Alexander, J.R. Beenë, J.C. Hardy,
K.P. Jackson and H.B. Mak
Nucl. Phys. A287 (1977) 189

T z = 1/2 BETA-DELAYED PROTON PRECURSORS, I: THE DECAY OF 69Se
J.A. McDonald, J.C. Hardy, H. Schmeing, T. Faestermann,
H.R. Andrews, J.S. Geiger, R.L. Graham and K.P. Jackson
Nucl. Phys. A288 (1977) 1

DECAY OF A T z = -2 NUCLEUS: ARGON-32
E. Hagberg, P.G. Hansen, J.C. Hardy, A. Huck, B. Jonson,
S. Mattsson, H.L. Ravn, P. Tidemand-Petersson and G. Walter
Phys. Rev. Lett. 3_9_ (1977) 792

RADIOACTIVITY
J.C. Hardy
1977 McGraw-Hill Year Book of Science and Technology (p.361)

ELECTROMAGNETIC PROPERTIES OF THE GROUND STATE ROTATIONAL
BAND IN 169Tm

D. Ward, H.R. Andrews, J.S. Geiger, R.L. Graham and W. McLatchie
Nucl. Phys. A289 (1977) 165. ,



- 43 -

b) Lectures

STOPPING MEDIUM DEPENDENCE OF DSA LIFETIME MEASUREMENTS
T.K. Alexander
Carleton University Physics Department colloquium 19 Sept.

A MODEL FOR ISOSPIN MIXING IN LIGHT NUCLEI
A.B. McDonald
Queen's University Physics Colloquium 1 October

STATUS OF CHALK RIVER ISOL PROJECT
J.C. Hardy
Isotope Separator Conference, Brookhaven National Laboratory
on 1 November

PANDEMONIUM AND OTHER EXOTIC NUCLEI
J.C. Hardy
Isotope Separator Conference, Brookhaven National Laboratory
on November 1 and
Carleton University Physics Department Colloquium on 21 November
and
University of Toronto Nuclear Physics Seminar on 25 November

SUPERALLOWED BETA DECAY: A NUCLEAR VIEW OF WEAK INTERACTIONS
J.C. Hardy
University of Toronto Physics Department Colloquium on 24 November

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

A.D.B. Woods

3.1 Staff

3.2 Orientational Disorder in CBr.

3.3 9-Methyladenine and Other DNA-Type Bases

3.4 Lattice Dynamics of fee CoQ Q2
Fen no

3.5 Temperature Dependence of the Soft Mode in K_OsClg

3.6 Temperature Dependence of Excitations in Liquid He

3.7 Critical Magnetic Scattering by Uranium Nitride

3.8 Observation of Inelastic Magnetic Scattering in
Uranium Nitride

3.9 Neutron Scattering from Isolated Clusters of
Magnetic Ions

3.10 Vertically Bent Monochromators

3.11 N5 Spectrometer

3.12 Vacancy-formation Energy from the Threshold
Temperature T

3.13 The Commissioning of the Bremsstrahlung Monochromator

3.14 Effect of Pulse-height Saturation on Stilbene
Neutron-detector Efficiency

3.15 Thick=target Neutron Yields and Spectral Distributions
from Li + a Reactions

3.16 N4 Thermal-Neutron Facility

3.17 The NRU Double-photon Measurement

3.18 Response Functions for Gamma-ray Detectors

3.19 Parity Mixing in 21Ne

3.20 Reactor Beam-hole Use

3.21 CdTe Detectors
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3.22 A Risetime Spectrometer for Charge-collection Studies

3.23 Metal-insulator-semiconductor Contact Test System

3.24 Evaluation of CdTe by Optical Techniques

3.25 Supply and Servicing of Detector Systems

3.26 3He Counters

3.27 Glassblowing, Machine Shop and Miscellaneous Services

3.28 Beta-neutrino Correlations from the Kinematic Shift of
Beta-delayed Particles

3.29 The On-line Isotope Separator

3.30 Publications and Lectures
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BRANCH HEAD: A.D.B. Woods

SECTION I

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

SOLID STATE PHYSICS TECHNICAL STAFF

R.S. Campbell
H.F. Nieman
M.M. Potter
D.C. Tennant

SECTION II

J.W. Knowles
E.D. Earle
S.T. Lim (1)
M.A. Lone

NEUTRON NUCLEAR PHYSICS

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

SECTION III

J.G.V. Taylor
R.G. McElroy (2)
H. Schmeing

COUNTER DEVELOPMENT

Mrs. M.M.L. Atfield
M.A. Gulick
W.F. Slater
R.J. Toone

GLASSBLOWING

J.G. Wesanko

WORKSHOPS

R.R. MacLanders
H.C. Spenceley

A.H. Hewitt

DESIGN

D.B. Grant (3)
W. MeAlpin

SECRETARIAL STAFF

Mrs. Dianne Mitchell

(1) Postdoctoral Fellow from University of British Columbia;
left October 31, 1977.

(2) Postdoctoral Fellow from University of Toronto;
arrived November 2, 1977.

(3) Seconded from Design and Technical Service Branch.
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3.2 Orientational Disorder in CBr,

G. Dolling and B.M. Powell

The neutron-scattering experiments described

previously (PR-P-115:3.2, AECL-5966) have been continued

under a variety of conditions in order to verify the

existence of the "liquid-like" spectrum, S L(Q), which

underlies the powder diffraction pattern normally expected

for solid crystalline materials. The CBr. specimen was

contained in a thin-walled vanadium cylinder coated in-

ternally with a 0.03-mm layer of graphite (using the

"Canlub" process) in order to prevent corrosion of the

vanadium by CBr.. Both 1.57-Â and 1.09-Â neutron beams

were employed to measure the total diffraction patterns

at 8 temperatures between 95 K and 361 K, from which the

spectra ST (Q) were obtained by subtracting the sharp powder

lines, empty container scattering and incoherent scattering

from the Br atoms. ST (Q) displays broad maxima at Q values
Là

1.3, 2.1, 4.3 and 6.7 K~L, with weaker oscillations at

higher 0. The temperature dependence of ST(Q) was not very

marked between 300 K and 361 K, and showed no abrupt changes

at the phase transition (316 K for our specimen). At 95 K,

the first peak at 1.3 Â"-*- had virtually disappeared.

Analysis of these results by fourier transformation to

obtain effective pair distribution functions is in progress.

3.3 9-Methyladenine and Other DNA-Type Bases

P. Martel

Two crystals of 9-methyladenine (~10 mm x 3 mm x 3 mm)

have been grown and examined by neutron diffraction. They

should permit a comparison of interourine stacking forces

with the interpyrimidine forces previously found in

1-methylthymine (1-MT) and cytosine monohydrate (CMH) by
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inelastic neutron scattering. Re-examination of specimens

of 1-MT and CMH indicate that crystals of DNA-type bases

deteriorate with time. We have found evidence that CMH

loses its water of hydration and 1-MT may undergo an

apparently spontaneous phasa transition.

3.4 Lattice Dynamics of fee CoQ goES-Q no

A.D.B. Woods, B.M. Powell and E.C. Svensson

The Co0 Q2
Feo 08 s P e c i m e n h a s been reoriented to

place a [001] axis vertical and the phonon dispersion

relation for the [ÇÇOJT. branch has been determined using

the N5 triple-axis spectrometer. This branch was not ob-

servable in the orientation ([110J axis vertical) used for

the earlier measurements (PR-P-114:3.8, AECL-5845). The

results are in good agreement with the measurements of

Shapiro and Moss (Phys. Rev. B 15_ (1977) 2726). A

4th-neighbour general-force-constant analysis, which was

not possible (PR-P-115:3.4, AECL-5966) without the inclusion

of the T. branch, gives an excellent description for all

branches. The force constants have been used to calculate

the frequency distribution function, g(v), the temperature

variation of the specific heat, C v, the characteristic

Debye temperature, 8D, and the mean square displacement of

the atoms, <u*>.

3.5 Temperature Dependence of the Soft Mode in K^OsCl,.

W.J.L. Buyers and B.M. Powell with R.L. Armstrong and

D. Mintz (University of Toronto)

Higher resolution measurements have been made of

the soft rotary mode observed previously (PR-P-115:3.5,

AECL-5966). The measurements have been extended to higher

temperatures in both the [001] and [350] directions. The
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new results show that the mode is highly anisotropic: its

frequency is almost constant for wavevectors along the

[001] direction, but along [350] the dispersion curve rises

steeply and at ç = 0.4 its frequency is twice that at ç = 0.-

This almost two-dimensional behaviour suggests that the

forces favour rotations of the octahedra that remain in

phase within (001) sheets. Measurements in the range

77 K < T < 220 K show that the flat (001) branch remains

well defined and is rigidly displaced to lower frequencies

as the crystal is cooled towards the transition temperature,

T . The mode frequency at the ordering wavevector (q = 0)
Uvaries as (T - T ) , similar to the mean-field behaviourc

found in ferroelectrics.

3.6 Temperature Dependence of Excitations in Liquid He

E.C. Svensson and A.D.B. Woods

The study (PR-P-115:3.6, AECL-5966) of the

temperature dependence of the neutron scattering by liquid

He has been continued using the L3 triple-axis spectrometer.

Measurements have now been carried out at temperatures of

1.00, 1.38, 1.77, 1.97, 2.07, 2.12, 2.15, 2.26 and 4.2 K for

wavevectors Q of 8.0, 11.3, 13.0 and 14.0 nm"^. The scat-

tering from the empty specimen container has also been

determined, and, for all scans, the fast-neutron background

has been determined at each point with the aid of an auto-

matic boral shutter. There is a qualitative difference in

the scattered-neutron distributions for temperatures above

and below the superfluid transition temperature T, = 2.17 K.

For all T < T, there is evidence for a sharp "one-phonon"

component which decreases in intensity as the temperature

is raised. No sharp component is discernible at 2.26 K or

4.2 K and the scattering at these two temperatures is

qualitatively very similar.
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3.7 Critical Magnetic Scattering by Uranium Nitride

T.M. Holden, W.J.L. Buyers and E.C. Svensson with

G.H. Lander (Argonne National Laboratory)

The analysis of the critical scattering in UN

(PR-P-111:3.9, AECL-5614; PR-P-114:3.11, AECL-5845;

PR-P-115: 3.8, AECL-5966) has been completed. An aniso-

tropic Lorentzian function representing the scattering

was folded with the three-dimensional q-space resolution

function which best approximated the Bragg peak profiles

at low temperatures. At each temperature the staggered

susceptibility, XII (3,0) , and the inverse correlation

lengths, K M and K. , for longitudinal scattering

parallel and perpendicular to the domain wavevector, were

extracted from the results. The K M value is as much as

an order of magnitude smaller than typical values for

localized spin systems ordering in three dimensions at

the same reduced temperature t = (T - TN) / T.. . This value

presumably reflects the itinerant nature of metallic UN.

If K M is assumed to obey a power law in t, the exponent,

v, is 2.3 ± 0.2 which indicates a far more rapid variation

than that of localized-spin systems (v ~ 0.66). Likewise

X11 (0,0) varies much more rapidly (exponent, y, ~4.5) than

for a localized-spin system (y = 1.3).

The anisotropy of the critical scattering, of

which a convenient measure is K M / K = 2.8 ± 0.3, is large,

roughly independent of temperature, and suggests that

quasi-two-dimensional fluctuations occur above T%.. The
N

sense of the anisotropy, K M > K., is opposite to that

expected for localized-spin type I antiferromagnets with

exchange interactions to first and second neighbours, and

this result again suggests that the magnetism involves

itinerant electrons.
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3.8 Observation of Inelastic Magnetic Scattering in Uranium

Nitride

W.J.L. Buyers, T.M. Holden and E.C. Svensson with

G.H. Lander (Argonne National Laboratory)

The small intensity from the low-moment

(0.75 yn) antiferromagnet UN has hitherto prevented the

unambiguous observation of neutron scattering from

magnetic excitations (PR-P-108:3.2, AECL-5315). A con-

figuration using high-reflectivity monochromator (Si (111))

and analyser (graphite(002)) crystals at low angles

(26 = 29°, 20° < 26 < 31°) with coarse (1°) collimation
a m

has, however, now produced a slow-neutron beam of sufficient

intensity to observe the magnetic inelastic scattering

under low-resolution conditions. The use of only distance

collimation between the specimen and analyser has eliminated

the intensity loss that occurs with conventional Soller-slit

collimators. The fast-neutron background, particularly
235

severe because of slow-neutron induced fission of the U

isotope remaining in the depleted-uranium sample, was

reduced by a factor 2.5 through use of a single-wire He

detector matched to the beam size and by a further factor of

2 by placing a 25-cm wax nose-cone around the beam from

the specimen to the analyser.

The initial experiments have revealed a component

of scattering that is broad in frequency but which, in

constant-energy scans in the (110) magnetic zone, is peaked

on the reciprocal-lattice point. Its intensity scales

approximately as expected from the uranium 5f form factor,

indicating that the scattering is magnetic. Further

measurements to obtain an intensity contour map in (Q,OJ)

space are underway.
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3.9 Neutron Scattering from Isolated Clusters of Magnetic Ions

E.C. Svensson, T.M. Holden and W.J.L. Buyers with

M. Harvey (Theoretical Physics Branch)

Further analysis of the results of our neutron-

scattering measurements (PR-P-109:3.7, AECL-5508;

PR-P-114:3.10, AECL-5845 and PR-P-115:3.9, AECL-5966) on

KMn Zn, F- has been carried out. [In the early reports
c 1-c 3

(PR-P-109:3.7, AECL-5508 and PR-P-110:3.10, AECL-5546),

c was given as 0.10 as had been stated by the crystal

grower, but recent chemical analysis has shown that

c = 0.18 t 0.01.] The exact calculations reported earlier

(PR-P-111:4.4, AECL-5614) for c = 0.10 and

Q = 2iTa (0.55,0.55,0.55) have been repeated for c = 0.18

and extended to cover all the Q values and resolution

conditions of the experiments. The calculations now give

the correct relative intensities for the principal in-

elastic peaks in the spectra at temperatures <4.2 K,

namely the peaks at approximately 0.1 THz (from quartets),

0.2 THz (from pairs and quartets) and 0.7 THz (from triplets),

and they also give an excellent description of the variation

with Q of the intensity of the peak at 0.2 THz. Several

discrepancies remain, however. The theory predicts

essentially no scattering in the region between the 0.2-

and 0.7-THz peaks at Q = 2îra~1 (0.55,0.55,0.55) where sub-

stantial magnetic scattering is observed. It also predicts

that the intensity of the 0.2-THz peak should decrease much

more rapidly with increasing temperature than is observed,

and it fails to explain the finite intrinsic widths recently

observed (PR-P-115:3.9, AECL-5966) for the peaks at 0.1 and
0.2 THz. These discrepancies may be attributable to

2+scatteriny by Mn ions in clusters of 5 or more (36% of

the ions at c = 0.18) which are ignored in the calculations.
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A calculation of their energy levels suggests that quintets

can account at least in part for the discrepancies. It is,

however, prohibitively difficult to calculate the neutron

scattering by the large clusters using our exact, method and

some approximate method needs to be developed.

3.10 Vertically Bent Monochromators

H.F. Nieman with K.L. Kavanagh (1977 Summer Student from

Queen's University)

Five slabs of squeezed germanium were assembled

as a monochromator and the mount was equipped with motor

drive units to enable accurate remote control of both the

curvature and the tilt of the assembly. The intensities

of neutron groups corresponding to phonon excitation in a

molybdenum single crystal were measured with pyrolytic

graphite as the analyser and the germanium as the mono-

chromator .

Optimizing the curvature and tilt of the germanium

assembly produced an intensity increase of 1.5 for both

focused and defocused neutron groups. Curving the analysing

crystal gave an additional gain of 1.5 for both peaks.

Decreasing the detector height from 5.0 to 2.5 cm, with

cadmium masking, gave peak intensity reductions of only 7%

in the defocused case and 20% in the focused.

It is planned to assemble more squeezed germanium

slabs on variable curvature mounts. As well, work is pro-

gressing on the advantages of using smaller He detectors

in conjunction with the curved crystals to further enhance

the peak to background ratio.
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3.11 N5 Spectrometer

(i) New shielding

W. McAlpin

The enlargement of the N5 - C5 through tube and

the extension of the re-entrant cans during the 1972-74

NRU shutdown not only resulted in an increase in the

thermal-neutron intensity (PR-P-103:3.2,3.3, AECL-4931)

but also increased the fast-neutron background. In order

to reduce this background extra shielding was added to

the yoke and drum of the N5 spectrometer. At beam level

a novel shielding arrangement was designed and installed

whereby the drum-exit collimator holder (between the

monochromator and specimen) passes between two water-filled

bags. An air cushion between the specially shaped collimator

holder and the bags facilitates collimator-holder movement.

The new shielding arrangement imposes virtually no restric-

tions on the angular range for which the spectrometer was

initially designed.

(ii) Background measurements

H.F. Nieman and B.M. Powell

Extensive fast-neutron-background measurements

have shown that the new shielding is very effective and

gives a reduction in background of ~40 over the situation

without any extra shielding and a reduction of ~5 over that

with temporary extra shielding which, in addition, seriously

restricted the angular range of the spectrometer. The

fast-neutron background is now ~1 - 2 counts per minute for

most spectrometer configurations.
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3.12 Vacancy-formation Energy from the Threshold Temperature T.

S.M. Kim

The temperature dependence of the positron

annihilation peak coincidence rate F(T) is given by

-Ef/kT
F. (1+aT) + F (1+BT) Ae

F(T) = — 1 (1)
-Ef/kT

1 + Ae

where a and B are thermal expansion parameters, A depends

on trapping rate, free-positron lifetime and entropy of

vacancy formation, and F_ and F are, respectively, the

free and trapped peak rates. Equation (1) is widely used

to determine the vacancy formation energy E,. Recently

MacKenzie (Appl.' Phys. 9_ (1976) 331) has found an empirical

relationship E f = 14 kT., where T is determined by the

intersection of the slope of F(T) at its inflection point

with the low temperature slope. We have derived the nearly

linear relationship between E f and T. from equation (1).

The slope of F(T) at the inflection point of the S-curve

was obtained by expanding F(T) in a Taylor's series about

the inflection point and retaining only the linear term.

This procedure gives

(fcn A ) 2

E = kT. (2)
r (An A) - 2 +e Z

where e is a small correction term which is zero if a = 6 = 0.

MacKenzie1s empirical formula thus follows if A * 10 for

all metals, a not unreasonable value.
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3.13 The Commissioning of the Bremsstrahlung Monochromator

J.W. Knowles, W.F. Mills and R.N. King with T.E. Drake,

B. Pich and S. Yen (University of Toronto)

The Chalk River bremsstrahlung monochromator,

located at the University of Illinois Microtron Laboratory

(PR-P-112:3.17, AECL-5696) has been interfaced to the

CW microtron with a beam transport system which includes

a single quadrupole and two 45° magnets. This system is

designed to be achromatic to electrons between 5 and

100 MeV. Other installation requirements have also been

completed. For example, the beam-transport vacuum speci-

fications have been exceeded and, to provide computer

control of the monochromator, the power supplies of

monochromator magnet, dispersion magnet, quadrupoles and

steering coils have been fitted with digital-to-analog

converters.

3.14 Effect of Pulse-height Saturation on Stilbene

Neutron-detector Efficiency

M.A. Lone and E.D. Earle with A.J. Ferguson (Nuclear

Physics Branch) and B.C. Robertson (Queen's University)

Earlier measurements (M.A. Lone et al., Nucl.

Inst. and Meth. 142 (1977) 331, AECL-5748) of the neutron

spectra from the bombardment of thick targets of Be and Li

with protons and deuterons required the simultaneous detec-

tion of 300 keV to 40 MeV neutrons. This range is well

beyond the dynamic range of linear amplifiers and neces-

sitates operation in the saturation mode.

The effects of saturated pulses on the pulse-

shape-discrimination (P.S.D.) and the detector efficiency

were investigated. The P.S.D. output contained three
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well-defined groups due to y-rays, neutrons and the saturated

pulses which included both high-energy y-rays and neutrons

(as determined by the time-of-flight spectra). The neutron

detection efficiency as obtained from the neutron time-of-

flight (T.O.F.) spectra was found to be independent of the

linear amplifier gain as long as the T.O.F. spectra were

gated by both the neutron and the saturated groups in the

P.S.D. spectrum. This result emphasizes the need to set the

P.S.D. range so as to include the saturated group.

3.15 Thick-target Neutron Yields and Spectral Distributions

from Li + a Reactions

M.A. Lone and E.D. Earle with A.J. Ferguson (Nuclear Physics

Branch) and B.C. Robertson (Queen's University)

The neutron spectra from deuteron bombardment of
g

thick Be targets show a neutron peak at ~760 keV for

deuteron energies above 6 MeV (PR-P-115:3.12, AECL-5966).

The energy spread of this peak changes from -100 keV at 0°

neutron emission to greater than 300 keV above 30°. No such

neutron group was observed from proton and alpha bombardmentof 9Be.

In an attempt to isolate the reaction channel

responsible for the emission of the 760-keV neutron group,

neutron emission from the B compound nucleus populated by

the Li+a reaction was studied. The neutron spectral dis-

tributions were measured at 15, 25 and 32 MeV alpha-particle

energies, at angles of 0° and 30°. None of these spectra

showed the 760-keV neutron group.

The reaction mechanism responsible for the emission

of the 760-keV group is still not understood. Attempts to

correlate this group with the decay of the 2.43-MeV state in

Be (excited by inelastic scattering) to the ground state

of Be have also been unsuccessful.
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3.16 N4 Thermal-Neutron Facility

M.A. Lone and W.M. Inglis

Installation of the beam-filter cryostat,

flight tube and biological shield is complete. A survey

of the background with neutron beam on has shown the

need of additional shielding. A LiF tube is being

fabricated for this purpose.

3. 17 The NRU Double-photon Measurement

E.D. Earle with A.B. McDonald (Nuclear Physics Branch)

i 2
The collection of data for the H(n,YY) H

cross-section measurement (PR-P-115:3.14, AECL-5966) is

nearly completed. A preliminary examination of the

results collected to date suggests an upper limit for

a 2 y of less than 2 yb. A complete analysis will require

a careful examination of the experimental background and

Nal line shapes around 2 MeV.

A similar measurement with a D?0 target is in

progress.

3.18 Response Functions for Gamma-ray Detectors

M.A. Lone et al.

See PR-P-116:2.24 .

3.19 Parity Mixing in 21Ne

A.B. McDonald (Nuclear Physics Branch), E.D. Earle

and M.A. Lone

See PR-P-116:2.5 .

3.20 Reactor Beam-hole Use

A.D.B. Woods
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The C2 chopper was shut down to allow the

electronics and Ge(Li) detectors to be used for the

commissioning of the N4 neutron-capture gamma-ray facil i ty.

The following table summarizes utilization of

operating CRNL facil i t ies at NRU beam holes.

Beam Hole No. of No. of No. of Efficiency
Experiments Participating Participating (% of available

CRNL non-CRNL reactor operating
scientists scientists time used for

experiments)

C l

C4

C5

L 3

N5

1

1

2

2

3

3

2

2

3

5

0

0

0

2

4

95

100

94

9 5

83

Total reactor operating time was 86 days.

3.21 CdTe Detectors

H. Schmeing and M.M.L. Atfield

CdTe grown by the travelling-heater method using

precision bore silica (PR-P-115:3.19, AECL-5966) yielded

several usable and one excellent detector. The best
3 2

detector was of ~10 fi-cm n-type material 36 mm by

2-mm thick with a gold surface barrier and an indium ohmic

contact.

The device displays a diode characteristic

with very low leakage current up to 800-V bias. The capacity

varies with the applied bias, V, approximately as V~0"45.

At 800 V the depletion depth derived from the capacitance is

0.50 mm. The detector has a yresolution of 6.0 keV at 20°C,

4.5 keV at 0°C and 3.8 keV at -75°C for 122 keV y-rays and

a resolution of 18.6 keV at 20°C and 17.0 keV at 0°C for 2 4 1Am

a-particles. The relatively thick depletion depth gives a

ratio of the photopeak to the combined Cd and Te escape
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peaks of -10 : 1. Carrier trapping (see next section) makes

the photopeaks somewhat asymmetric; nevertheless the good

resolution, depletion depth, and low leakage current of

this detector would be suitable for most medical applica-

tions.

The resolution of this detector is better than

the best we have achieved with much higher resistivity

material which was grown by the slow-cooling method

(3.8 keV compared to 4.7 keV at -75°C for 122-keV y-rays,

PR-P-112:3.20, AECL-5696) but, more importantly, its photo-

peak/escape peak ratio is almost three times as large making

it a potentially much more useful device.

The shapes and relative amplitudes of a-particle

and y-ray peaks show that essentially all holes and elec-

trons are collected. If it is assumed that collection is,

in fact, 100% for both carriers, a comparison of y~ray peak

amplitudes with those from a Ge(Li) spectrometer gives

4.38 ± 0.08 eV for the mean energy required to create one

hole-electron pair in CdTe, in good agreement with recently

published values.

3.22 A Risetime Spectrometer for Charge-collection Studies

W.F. Slater and H. Schmeing

The energy resolution of CdTe detectors is

limited mainly by hole trapping and the escape of electrons

from the active region. To study the relative contribution

from these sources a pulse-risetime spectrometer has been

built from modified commercial electronic modules. The

preamplifier pulses are fed into a main (energy) amplifier

and two constant-fraction discriminators having thresholds

at 20 and 80% of any pulse within a wide energy range.

The discriminator outputs provide the start and stop signe Is
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for a time-to-amplitude converter which gives the risetime

distribution. A single-channel analyser gates the ADC to

reject energy pulses associated with slow charge-collection

times, as caused by trapping.

The risetime distributions measured on CdTe

detectors using a or y sources typically peak at about

30 ns, are quite sharp (1.5 ns FWHM) and tend to display

tailing to long risetimes. Photopeaks of energy spectra

taken while rejecting the slower half of all events show

a marked improvement in symmetry. The FWHM, in the detectors

tested, narrows to ~80% of that observed without a coincidence

circuit, whereas the full width at one-fifth maximum shrinks

to 50%.

3.23 Metal-insulator-semiconductor Contact Test System

W.F. Slater and H. Schmeing

The conventional technique of applying contacts

to semiconductors like CdTe with evaporated or chemically

deposited metals quite often leads to electrically noisy

contacts which are cumbersome to rework. Following a sugges-

tion of P. Eichinger and J. Kemmer (Revue Phys. Appl. 1^

(1977) 339) we are testing a technique which uses thin

insulating layers as blocking contacts instead.

The detector is insulated from the electrodes with

thin layers of mylar. The result is a capacitatively coupled

circuit in which the detector can easily be changed. In

addition, the absence of a DC path across the detector

eliminates one component of the electronic noise.

Polarization is prevented by periodically shorting the

electrodes while flooding the detector with light. An

electronic circuit has been built which controls these

operations without damage to the preamplifier.
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3.24 Evaluation of CdTe by Optical Techniques

R.G.C. McElroy and R.J. Toone

Photoconductance and photocapacitance studies

as a function of temperature can give useful information

on trapping levels in semiconductors. Such studies are

being planned as a method of characterizing CdTe samples.

A gas-flow heater system is being constructed for a

liquid-nitrogen test chamber to allow sample temperatures

to be varied between 77 K and room temperature. A number

of the optical and electronic components have been tested.

3.25 Supply and Servicing of Detector Systems

R.J. Toone and M.M.L. Atfield

The last of three high-purity Ge double-diode

detector systems has been delivered to Reactor Control

Branch. A high-purity Ge detector system belonging to

Reactor Control Branch that had been severely damaged in

transit required extensive reworking of the detector and

repairs to the cryostat. Several unsuccessful attempts

were made to restore an older Ge(Li) detector for System

Materials Branch.

3.26 He Counters

R.J. Toone, M.A. Gulick, W.F. Slater and J.G.V. Taylor

A new model of He counter has been designed

for Section I of this Branch. The He vacuum line has

been recommissioned and pulse-height analysis equipment

moved from the counting room to the gas-counter lab.

For reasons which are still being investigated the initial

filling for the first two counters was unsatisfactory.
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3.27 Glassblowing, Machine Shop and Miscellaneous Services

J.G. Wesanko, B.C. Spenceley, R.R. MacLanders,

M.A. Gulick and R.J. Toone

Further glass equipment has been constructed
Q Q

for the Mo Processing Facility. At present this pro-

gramme takes about 15% of the Glassblowing Shop's time.

A number of condensers have been made for Chemical

Engineering Branch to be used as models for distilled

water systems at Bruce HWP. Quartz and Pyrex cells have

been supplied to Physical Chemistry Branch for electron-

spin-resonance experiments. Modifications to the glass

system for analysing deuterium and total hydrogen from

fuel sheathing (PR-P-114:3.26, AECL-5845) included the

installation of vacuum stopcocks bakeable to 200°C.

Featuring stainless-steel bellows as stem seals and

Viton "0" rings as vacuum seals, these stopcocks have

proved to be very successful.

A gas scintillation counter for backscattered

heavy ions has been built for Nuclear Physics Branch.

During this period Nuclear Physics Branch jobs took about

70% of the Machine Shop's time.

Thirty ceramic plates were cut to size with a

diamond saw for Electronic Systems Branch.

3.28 Beta-neutrino Correlations from the Kinematic Shift of

Beta-delayed Particles

H. Schmeing et al.

See PR-P-116:2.15 .

3.29 The On-line Isotope Separator

H. Schmeing et al.

See PR-P-116:2.17 .
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3.30 Publications and Lectures

Publications

INELASTIC SCATTERING OF POLARISED NEUTRONS BY
FERROMAGNETIC Pd3Fe
T.M. Holden and W.G. Stirling
J. Phys. F 1_ (1977) 1901
Atomic Energy of Canada Limited publication AECL-5860

MAGNETIC EXCITATIONS IN Pd3Fe
W.G. Stirling, A.J. Smith and T.M. Holden
J. Phys. F 7_ (1977) 2411
Atomic Energy of Canada Limited publication AECL-5896

PHONON PROPERTIES OF NIOBIUM, MOLYBDENUM AND THEIR ALLOYS
B.M. Powell, P. Martel and A.D.B. Woods
Can. J. Phys. 55 (1977) 1601
Atomic Energy ÔT Canada Limited publication AECL-5882

UV DAMAGE IN SOLIDS OF THE NUCLEIC ACID BASES
B.M. Powell and P. Martel
Photochemistry and Photobiology 2J5 (1977) 305
Atomic Energy of Canada Limited publication AECL-5858

CRITICAL SCATTERING NEAR THE PERCOLATION THRESHOLD
IN MncZni_cF2

R.A. Cowley, G. Shirane, R.J. Birgeneau and E.C. Svensson
Phys. Rev. Lett. 39̂  (1977) 894
Atomic Energy of Canada Limited publication AECL-6021

NONLINEAR X-RAY INDUCED STRAIN EFFECTS IN ALKALI HALIDES
A.C. Hollis Hallett and P. Martel
J. Phys. Chem. Solids 3_8_ (1977) 1315
Atomic Energy of Canada Limited publication AECL-5881

INTENSE FAST NEUTRON SOURCE REACTIONS
M.A. Lone
Proceedings of Symposium on Neutron Cross-sections
from 10 to 40 MeV, Brookhaven National Laboratory,
May 3-5, 1977 (BNL-NCS-50681), July 1977, p. 79
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Tz=Jj e-DELAYED PROTON PRECURSORS (I) THE DECAY OF 69Se
J.A. Macdonald, J.C. Hardy, H. Schmeing, T. Faestermann,
H.R. Andrews, J.S. Geiger and R.L. Graham
Nucl. Phys. A 2_88 (1977) 1
Atomic Energy of Canada Limited publication AECL-5884

NEUTRON SCATTERING
B.M. Powell and G. Dolling
Chapter in "Rare Gas Solids", edited by M.L. Klein and
J.A. Venables (Academic Press, London) Vol. II, Chapter 15,
p. 921 (1977)

Lectures

CENTRAL MODES AND SOFT MODES NEAR MAGNETIC PHASE TRANSITIONS
W.J.L. Buyers
Natuurkundig Laboratorium, University of Amsterdam
October 13, 1977

MOMENTUM DISTRIBUTION IN LIQUID 4He
A.D.B. Woods
Cornell University, Ithaca, New York
October 20, 1977

The following papers were presented at the 6th IAEA
International Symposium on Neutron Inelastic Scattering,
Vienna, October 17-21, 1977:

LOW-MOMENTUM-TRANSFER NEUTRON SCATTERING
FROM NONSUPERFLUID LIQUID 4He
A.D.B. Woods, P. Martel and E.C. Svensson
(presented by V.F. Sears)

THE EFFECTIVE PAIR POTENTIAL IN LIQUID 4He
AT T = 1.1 K AND 4.2 K
V.F. Sears, A.D.B. Woods, E.C. Svensson
and P. Martel

URANIUM NITRIDE: A CUBIC ANTIFERROMAGNET
WITH ANISOTROPIC CRITICAL BEHAVIOUR
W.J.L. Buyers, T.M. Holden, E.C. Svensson
and G.H. Lander

SUMMARY OF CONFERENCE
W.J.L. Buyers
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ANISOTROPIC CRITICAL SCATTERING IN THE CUBIC
ANTIFERROMAGNET URANIUM NITRIDE
W.J.L. Buyers
Research Establishment Ris^, Roskilde, Denmark
October 27, 1977

EXCITATIONS OF ISOLATED CLUSTERS OF MAGNETIC IONS
E.C. Svensson, M. Harvey, W.J.L. Buyers and T.M. Holden
23rd Annual Conference on Magnetism and Magnetic Materials,
Minneapolis, Minnesota
November 8-11, 1977

DOUBLE-PHOTON STUDIES AT CRNL
E.D. Earle
McMaster University, Hamilton, Ontario
November 23, 1977

The lectures listed above may not be available in
print.
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THEORETICAL PHYSICS BRANCH

by

G.E. Lee-Whiting

4.1 Staff

4.2 Application of the Neutronics Monte Carlo Code "MORSE-CG"
to the Study of Fissile Fuel Breeding in Fusion-Reactor
Blankets

4.3 A Review Article on the Dynamical Theory of Neutron Scattering

4.4 Dynamics of Liquid Helium

4.5 Penetration of Heavy Ions in Solids

4.6 Correlation in the Variation with Z2 of Apparent DSAM Life-
times and Positron Lifetimes in Annealed Metals

4.7 Neutron Scattering from Isolated Clusters of Magnetic Ions

4.8 On a Generalized Shape-Consistent Oscillator Model

4.9 Nuclear Magnetic Moments, Ml Transitions and Gamow-Teller
6-Decay in the Presence of A-Particles

4.10 Quenching of Axial-Vector Coupling Constant in the 3-Decay
of Finite Nuclei

4.11 A 2 ps Ju = 21/2+ Isomer in Ru

Analogue J -»• J (
Magnetic Moments

19

4.13 Structure and Electroexcitation of F

4.14 Gauge Theories, Instanton and the Axion

4.15 Nuclear Shape Stability Condition for Finite Nuclei

4.16 Response Functions for Gamma-ray Detectors

4.17 Statistical Treatment of Heavy-Ion Collisions

4.18 Reports, Publications and Lectures

4.12 Analogue J -»• J Gamow-Teller Transitions and Isoscalar
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4.1 Staff

Branch Head:

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

G.E. Lee-W

Harvey
Khanna
Kushneriuk
Lee
Sears
Towner
Winterbon

Visitors

S. Ayik (1)
A.E. Jacobs (2)

Secretarial Staff

M.E. Carey

1. NRC Post-Doctoral Fellow, arrived August 30, 1977.
2. Visiting professor from Univ. of Toronto.
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4.2 Application of the Neutronics Monte Carlo Code "MORSE-CG"

to the Study of Fissile Fuel Breeding in Fusion-Reactor Blankets

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

See PR-P-116:5.8 (AECL-6083).

4.3 A Review Article on the Dynamical Theory of Neutron Scattering

V.F. Sears

A review article on the dynamical theory of neu-

tron scattering is being written for the Canadian Journal of

Physics. It refers to multiple coherent elastic scattering

in situations where neutron transport theory is not applicable

such as Bragg reflection in "perfect" crystals and the neutron

opticôil phenomena of reflection, refraction and diffraction

at surfaces and boundaries. The article discusses the micro-

scopic derivation of the optical potential which occurs in

the Schrôdinger equation for the coherent wave. The solution

of this equation for a number of cases of practical importance

is reviewed. New methods for the accurate measurement of

coherent scattering lengths, which employ neutron optical

phenomena such as neutron interferometry, Pendellôsung fringes,

neutron gravity refractometry and the Christiansen filter

technique, are discussed.

4.4 Dynamics of Liquid Helium

A.E. Jacobs

The dynamic properties of liquid He, in parti-

cular the one-particle Green function and the density-density

correlation function, are being calculated; the calculation

is at present restricted to temperatures above the superfluid

transition. In the initial work a very simple approximation

is used for the vertex function; the approximation will be
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improved later by the inclusion of multiple-scattering

diagrams. The proper self-energy for the one-particle

Green function is approximated by the Hartree term plus

the Fock term, with a dynamically shielded potential in the

latter. The proper polarization function (from which the

total polarization function, and hence the dynamic structure

factor, can easily be calculated) is approximated by inte-

grals of the product of two, self-consistent, one-particle,

Green functions. The system of equations, which must be

solved self-consistently, is closed by two Dyson equations,

the first of which relates the self-energy to the one-parti-

cle Green function and the second of which expresses the

shielded potential in terms of the total polarization and the

bare potential (taken to be the Beck potential).

The requirement of self-consistency is a severe

one and the computer program is quite intricate. The pro-

gramming is still in the intermediate stage.

4.5 Penetration of Heavy Ions in Solids

K.B. Winterbon

Work on distributions in inhomogeneous targets

(see PR-P-115:4.6 (AECL-5966)) continues. There has been

no further progress in the angle-dependent case. in the

path-length approximation, methods have been developed for

calculating damage distributions (only range distributions

were calculated in previous work), for treating multi-layer

media, and for allowing a discontinuity of the power-cross-

section parameter m across an interface. In the last case

the ratio of the values of the distribution on the two sides

of the interface depends on the position of the source.

The inference of the shape of an ion implanta-

tion distribution from its first four moments is still an
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unsolved problem of great interest. The first two moments

determine the position and width of the distribution; to

obtain any information about its shape we must examine' higher

moments, e.g. the third and fourth. Various methods for

constructing distributions are being examined; the results

are being evaluated by comparison with distributions calcu-

lated exactly from the moments within the path-length approx-

imation. In addition, Cartesian plots of the (reduced)

third moment against the fourth for all the ion-implantation

distribution contained in the book (K.B. Winterbon, Ion

Implantation Range and Energy Deposition Distributions,

Vol. II, Plenum, New York, 1975) have been made. For range

distributions, but not for damage or .ionization distributions,

all the points fall on or very near a single locus. Thus it

appears that for range (but not for damage or ionization)

distributions all the shape information contained in the third

and fourth moments may be assimilated into a single parameter.

4.6 Correlation in the Variation with Z2 of Apparent DSAM Life-

times and Positron Lifetimes in Annealed Metals

T.K. Alexander, J.S. Forster, G.C. Ball, W.G. Davies and

K.B. Winterbon

See PR-P-116:2.3 (AECL-6083).

4.7 Neutron Scattering from Isolated Clusters of Magnetic Ions

E.C. Svensson, M. Harvey, J.M. Holden and W.J.L. Buyers

See PR-P-116:3.9 (AECL-6083).
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4.8 On a Generalized Shape-Consistent Oscillator Model

M. Harvey

In a recent paper by Zamick, Golan and

Moszkowski (private communication) it is pointed out that

the Mottelson Shape-Consistent Oscillator Model (SCOM) has

different characteristics to an RPA or Hartree-Fock (HF)

calculation for the isoscalar effective E2-charge (e ).

Notably e tends to decrease with mass in SCOM, whereas the

RPA and HF-calculations show identical increases. It was

suggested that this discrepancy arises because the SCOM -

as presently used - imposes a global scaling condition on

all the fields (f) in a nucleus, i.e. the neutron (n) and

proton (p) fields with spin up (+) and down (-) all have the

same deformation. First-order perturbation with a 6-force

showed however that a field does not couple directly with

itself, and this alone induces some differences among the

fields. We have examined a seemingly natural generalization

of SCOM which takes into account the different scaling of

different fields. Now the oscillator parameter b. , for the

k spatial direction (k = x,y,z) for the field f(=n+,n-,p+,p-)
4 2

is given by the proportionality equation b, _ <* E A,- b, ,,S .,
Kr £i it Ki Jcr

where A f f I are parameters and Sfcf=E(nk(i)+^) with n,(i) the

number of oscillator quanta on the j.tn particle in the k t n

direction. The proportionality factor is determined by the

constant-volume condition bi f
b
2f

b3f = c o n s t a n t - T h e solution

of the equations is obtained iteratively. The case A,f, =

constant reproduces the SCOM in its conventional form. The

case A-jp, = A,,,(1 - 6ff,) will decouple each field from

itself at the first iteration, which corresponds to first-

order perturbation theory with a S-force; we find that the

•ase of this parameterization does not produce an RPA-like

result. Indeed, we have failed to find any parameterization

that does. We conclude that the failure of SCOM has a deeper

origin than that suggested by Zamick et al.
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4.9 Nuclear Magnetic Moments, Ml Transitions and Gamow-Teller

3-decay in the Presence of A-particles

M. Harvey

The anomalous magnetic moments of the nucléons

furnisn proof that the nucléons cannot be treated as elemen-

tary Dirac particles. A consistent understanding of the

anomaly can be given by treating each nucléon as a composite

structure of three (Dirac-particle) quarks, if the masses of

the quarks are about one third the mass of the nucléon (N).

In this model the magnetic operator is still represented in

terms of Pauli spin and isospin operators but now acting in

quark space. This change leads not only to the observed

moments of the nucléons but also implies a 'magnetic' coupling

between nucléons and A-particles - the latter also treated

as a composite structure of three quarks. We are attempting

to deduce the effect that the presence of a A in a nucleus

will have on magnetic and 3-decay properties. The magnetic

coupling between A and N implies a renormalization of conven-

tional nuclear magnetic operators in first-order perturbation

theory even for light nuclei. The project so far has required

a study of relativistic field theory in order to gain exper-

tise in formulating the interaction between nucléons and

A-particles. We are now writing computer programs which will

carry out the perturbation treatment with some particles (N)

of spin and isospin 1/2 and others (A) with spin and isosp.in

3/2.

4.10 Quenching of Axial-Vector Coupling Constant in the g-decay

of Finite Nuclei

F.C. Khanna, I.S. Towner and H.C. Lee

The meson-exchange-current contributions to the

Gamow-Teller matrix element in closed-shell-plus-(or minus-)

one nuclei have been calculated and expressed in terms of



- 74 -

effective coupling constants multiplying standard rank-one

spherical tensors. The dependence of the quenching of G,.

on the orbit and on the mass of the nucleus has been inves-

tigated, and found to be a smoothly varying function of the

mass.

4.11 A 2 ys JTr = 21/2+ Isomer in 93Ru

0. Hausser, B. Haas, H.R. Andrews, T.K. Alexander, D. Horn,

D. Ward (Nuclear Physics Branch) and I.S. Towner

See PR-P-116:2.9 (AECL-6083).

4.12 Analogue J^ ->• J™ Gamow-Teller Transitions and Isoscalar

Magnetic Moments

I.S. Towner with S. Raman (Oak Ridge National Laboratory)

The product of the axial vector coupling constant

and the Gamow-Teller matrix element, G <a,T,>, can be
_ _

extracted from experimental data on superallowed J -• J

(but J / 0) 3-transitions. Likewise the matrix element <o^>

can be extracted from the knowledge of the magnetic moment

for the same ^-decaying nuclei and their isobaric mirrors.

By further assuming that the shell-model prediction for the

small matrix element difference <a (1 ± T , ) > may be relied

upon, the coupling constant G , effective in the nuclear

medium* was deduced and found to be typically of order 20 per-

cent smaller than the free-nucleon value derived from neutron

decay. This result is in rough accord with estimates of the

quenching of Gft arising from meson-exchange-current phenomena

in complex nuclei.

This work, which accompanies extensive data

tabulation, has been written up for publication in Atomic

and Nuclear Data Tables.
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194.13 Structure and Electroexcitation of F

H.C. Lee

Experimental data obtained from electro-

excitation of the 1 9F nucleus (PR-P-115:4.9 (AECL-5966))

have been used in conjunction with older data obtained

from Y~âecay measurements to gain some understanding of the
19 +

structure of F, in particular that of the ground (1/2 )

band. Part of this work has been submitted to Physical

Review Letters.

4.14 Gauge Theories, Instanton and the Axion

H.C. Lee

Recent developments in non-Abelian gauge field

theories, leading to the discovery of certain exact classi-

cal solutions (instantons) and to the prediction of the exis-

tence of a light pseudoscalar boson (axion), are being studied.

Some members of the Nuclear Physics Branch are interested in

possible experiments related to these ideas.

4.15 Nuclear Shape Stability Condition for Finite Nuclei

H.C. Lee and S. Das Gupta (McGill University)

In a continuation of a work reported earlier

(PR-P-115:4.10 (AECL-5966)) two papers have been prepared

for publication. The first one deals with the derivation

and formalism of the stability conditions. /In the second

we report on the use of the formalism in a/study of shape-

stability characteristics of a variety of spherical nuclei.

4.16 Response Functions for Gamma-ray Detectors

A.J. Ferguson (Nucl. Phys. Branch), H.C. Lee and M.A» Lone (NSSP Branch)

See PR-P-116:2.24 (AECL-6083).
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4.17 Statistical Treatment of Heavy-Ion Collisions

S. Ayik with W. Norenberg (University of Heidelberg)

Work begun earlier in Heidelberg on a statisti-

cal description of deeply inelastic heavy-ion collisions has

continued. The coupling between collective and intrinsic

degrees of freedom has been considered explicitly by formu-

lating the problem in the quasi-static basis representation.

In the adiabatic limit of the collective motion a simple

transport equation is obtained. With the Markoff approxima-

tion the transport equation is transformed into a Fokker-

Planck equation, which provides a simple description of the

collective variables and of the coupling with the intrinsic

modes.
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4.18 Reports, Publications and Lectures

Publications

ION IMPLANTATION DISTRIBUTIONS IN INHOMOGENEOUS MATERIALS
K.B. Winterbon
Appl. Phys. Letts. 3^(1977)649

THE INFLUENCE OF SMALL AND LARGE ABSORBING RODS ON A TILTED
NEUTRON FLUX DISTRIBUTION
M.D. Love and S.A. Kushneriuk
J. Phys. D: Appl. Phys., 10(1977)1725

ELEMENTARY EXCITATIONS IN NORMAL LIQUID 3He
H.R. Glyde and F.C. Khanna
Can. J. Phys. 55^(1977)1906

UNIFIED THEORY OF PARTICLE-PHONON COUPLING. I. APPLICATION
TO THE Sb AND In ISOTOPES USING A REALISTIC INTERACTION
H.C. Lee
Nucl. Phys. A283(1977)457

Lectures

THE EFFECTIVE PAIR POTENTIAL IN LIQUID 4He at T = 4.2 K
V.F. Sears, A.D.B. Woods, E.C. Svensson, and P. Martel
given by V.F. Sears at the Int. Symp. on Neutron Inelastic
Scattering at the IAEA, Vienna, Austria, October 17-21, 1977

LOW-MOMENTUM-TRANSFER NEUTRON SCATTERING IN NONSUPERFLUID
LIQUID 4He
A.D.B. Woods, P. Martel, and E.C. Svensson
given by V.F. Sears at the above meeting

ELECTROEXCITATION OF THE 1 9F NUCLEUS
H.C. Lee
given at the Univ. of Massachusetts, Amherst, Dec. 8-9, 1977

PIONIC EFFECTS IN NUCLEI
F.C. Khanna
given at the Univ. of Waterloo, Nov. 3, 1977; Univ. of Texas,
Austin, and Los Alamos Scientific Laboratory, Dec. 13-23, 1977

EXCITATIONS IN NORMAL LIQUID 3He
F.C. Khanna
given at Rice University, Houston, Texas and Til Division,
Los Alamos Scientific Laboratory, Dec. 13-23, 1977

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

Branch Head: D. McPherson

Section III: Mathematical
Services and Applications

Head:
J.M. Blair

Mathematical Analysts :
G.H. Keech
W.N. Selander

Programmer/Analysts :
M.B. Carver
L. E. Evans
P.Y. Wong

(5)

Section I; Systems

Head:
D. McPherson

Programmer/Analysts :
J.A. Edgecombe
L.D.J. Hansen
J.F. Steljes
C J. Tanner

Programmer :
E.A. Okazaki

System Librarian:

K.M. Haddon (1)

Section II: Operations

Head:
G.N. Williams

Programmer/Analyst:
B.B. Ostrom

Operations Supervisor :
P. McGandy (2)

Programmer :
C D . Price (3)

Operator Supervisor:
A.A. Laroche

Computer Operators:
K.M. Bjarbo
M.H. Burke
L.P.L. Cybulski
M.E. Edwards
C M . Hepburn
D.L. Roach (4)
M. Robertson
T. Spear
L.J. Sutton

(1) Maternity leave 16 November 1977 to 21 March 1978.
(2) Joined branch 3 October 1977.
(3) Terminated 28 October 1977.
(4) Joined branch 31 October 1977.
(5) Waterloo student, terminated 23 December 1977.

Programmers :
K.R. Chaplin
P.A. Christie
E.G. Long
B.E. Purcell
B.V Riff
D.G. Stewart

Secretarial Staff

K. F. Barnard
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5.2 CDC CYBER 170/6600 System

(i) Operating System and Programming Languages

(a) Print Density and Page Length

M.B. Carver, D.G. Stewart and C.J. Tanner

Consistent handling of print density and page

size has been introduced to FORTRAN, COBOL and the major

utilities. Default values of the parameters are assigned

according to job origin, i.e. for central site jobs

density and size are 8 lines/inch and 80 lines/page

respectively while jobs to be printed at terminals are

assigned 6 lines/inch and 60 lines/page.

(b) COBOL

C.J. Tanner

A new parameter was added to the COBOL com-

piler during this quarter. When 'Q' is specified on the

COBOL control card, the compiler accepts the apostrophe

(') as the delimiter for non-numeric literals instead of

the normal quotation mark ("). This feature was added to

aid in converting IBM COBOL programs to run on the CRNL

computers.

(c) COBOL Pre-compiler

H. Keech and B.V. Riff

A pre-compiler has been written in SNOBOL to

aid in the conversion of IBM COBOL to CDC COBOL. The

pre-compiler alters a number of IBM COBOL constructions

to the CDC equivalents, and flags other non-CDC usages

which may require manual conversion.
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(d) QUERY UPDATE

C.J. Tanner

As released, QUERY UPDATE can not handle permanent

files with names starting with a number. This restriction

has been removed to allow Power Projects staff, vrtio prefix

permanent file names with a project number, to use QUERY

UPDATE.

(e) New Utilities

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

A number of utility programs are available from

CDC on an "as-is", unsupported basis. Two of these, a

file dumping routine and a generalized copy routine, have

been tested, modified, and incorporated into the 170/6600

system. A third, a text-formatting program, is being in-

vestigated for possible applications at CRNL.

(f) Software Character Generation Added to DISPLAY

G.N. Williams

Software character generation is now available

as an option in DISPLAY, the program which prepares graphic

output files for storage tube displays. This option can be

selected to improve the appearance of displayed text when

hardware-generated characters are inappropriate in size or

orientation.

(ii) Subroutine Libraries

(a) New AELIB Manual

L.E. Evans

A new users1 manual for AELIB, to be issued as

AECL-6076, has been partially written. This manual is

organized in two parts: Part A provides general information

on the use of AELIB routines and includes numerous appendices
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on special interest topics such as a list of other libraries

available, the AELIB error processing philosophy, and a

revised keyword index.

Part B contains the writeups for the routines in

AELIB. These writeups are to be upgraded to current docu-

mentation standards and will be organized in sections ac-

cording to a new subject matter classification scheme. The

introduction to each section will provide a comparison of

routines contained therein with corresponding or related

routines available in other libraries.

Part A has been completed. Part B is well under-

way with the following sections completed to date.

1-1 Mathematical and Physical Constants.

1-4 Special Mathematical and Statistical Functions (with

J.M. Blair): This section contains 30 routines,

covering many of the functions defined in the Handbook

of Mathematical Functions, AMS55. The section intro-

duction has been written, and the individual writeups

have been standardized and clarified.

1-9 Matrix Eigensystem Analysis (with J.M. Blair): This

section contains four subroutines. The section intro-

duction has beet, written, the writeups have been

edited, and samj- e programs have been written.

(b) IMSL and Library Loading Sequence

L.E. Evans and B.E. Purcell

On 24 October 1977, the Edition 6 version of IMSL

was installed as the system library IMSLIB. Thirty-nine new

routines were added, those of particular interest being in

the following sections: differential equations, random

number generation, smoothing, Bessel functions and regres-

sion analysis. Thirty-nine routines were modified from the

previous edition.
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5.3 CDC 3300 System

(i) ASCII Files

J.F. Steljes and E.A. Okazaki

In normal usage, keyboard terminals deal with

"display code" (the 64-character set used internally by the

CYBER 170/6600 system) files, although computer-terminal

communication uses the 96-character ASCII set. Display

code/ASCII conversions are performed by the communication

interface hardware, however, in some applications, use of

the extended character set is desirable. The ability to jj

bypass code conversion on input and create an ASCII file has

been available for some time. This feature has now been

complemented with additional ASCII capabilities:

(1) The 3300 to 170/6600 file transfer routine has been

modified to handle correctly the transfer of an ASCII

input file.

(2) The output system DISPLAY now recognizes ASCII files

and bypasses the normal display code to ASCII conver-

sion.

(3) Extensions to the EDITOR have provided a limited cap-

ability for editing ASCII files. Only line-oriented

commands are processed at the moment; consideration

will be given to the handling of general character-

string commands if demand justifies the effort.

(ii) Transparent Mode

J.F. Steljes

A transparent mode of input to the central site

computer is being implemented. Data verification is to be

carried out by appending a checksum to each transmission.

The user will be notified if the data are wrongly received

in which case they will have to be retransmitted. A similar

mode is being developed for dealing with output of trans-

parent files to the user. The system will be suited for

communication with another computer such as the PDP-8 or

PDP-11.
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To make IMSL routines easier to use, the col-

lection has been installed as a system library. Prior to

this installation, the relative merits of several system

library search sequences were studied. As a result of this

study, the library loading sequence was changed on 24 October

1977

AELIB AELIB

from

FORTRAN

SYS10 to

NUCLEUS

IMSLIB

FORTRAN

SYSIO

NUCLEUS

(AELIB is CRNL's subroutine library. FORTRAN is the library

of functions and subroutines provided with the FORTRAN

compiler. SYSIO contains input/output routines and NUCLEUS

contains all control card callable programs.)

(c) AELIB Routines: CLEBSCH, WCOEFF and XCOEF

H. Keech

The error message print options for the angular

momentum recoupling coefficient routines have been improved,

and the default option no longer produces error messages

when the triangle inequality fails.

(d) Study of Sorting and Sorting Routines

P.A. Christie and L.E. Evans

This project was undertaken to

(1) Survey the literature on computer sorting.

(2) Assess local requirements.

(3) Evaluate current sorting software and make modifica-

tions, if necessary.

Although no responses to requests for sorting

problems were received from users, parts (1) and (3) have

been carried out and a report has been written to describe

the findings. No changes to AELIB are recommended.
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5.4 Computer-aided Control System for the
Superconducting Cyclotron and MP Tandem

L.D. Hansen

The computer-CAMAC interface (CA11C) was found to

be in.-ilfunctioning for the functions j-equiiing a single cycle

block mode read. The problem was diagnosed and has been

fixed with a hardware change by DEC.

It was found that file handling for GET operations

by the MUMTI interpreter was not handled correctly. This

problem was solved with corrective code for routine MGET2.

A six-week work term was spent at the Hahn Meitner

Institute in Berlin. During this time a program was written

which runs in response to the input of an ASCII CLEAR code

from a slaved terminal under the RSX11D operating system.

The major functions of this program are to run the MUMTI

interpreter or halt the interpreter gracefully when it is

running. A second project involved the design and imple-

mentation of a set of routines which permit restructuring of

the environment under which MUMTI and other CAMAC system

related programs operate. The environment can be changed

from one in which system integrity is not protected against

many classes of "runaway" programs to one in which system

integrity is almost fully protected against such programs.

(Because of the design of the RSX11D-CAMAC interface soft-

ware, complete system integrity cannot be guaranteed.)

The education station (EDUCRATE) hardware wiring

was completed and the functionality of the devices was

verified.

See also PR-P-116: 2.23 ; AECL-6083.

5.5 Analysis of Acoustic Phenomena in a System of Steam Mains

W.N. Selander and P.Y. Wong

This work is now complete. A report is in

preparation.
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5.6 Stress Analysis - MARC

B.V. Riff

Revision H, Release 2, of MARC has been received

and verified by execution of the 34 demonstration problems.

This version of MARC has been made available to users for

testing. Although some minor problems have been encountered

and reported to MARC, Revision H appears to be considerably

improved over revision G. It is hoped that all MARC work

will be using H.2 by the end of January 1978.

During this period MARC was attached on the aver-

age of ten times a day.

5.7 Application of the Neutronics Monte Carlo Code
"MORSE-CG" to the Study of Fissile Breeding in
Fusion-Reactor Blankets

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

We have so far used the neutronics code ANISN, a

discrete ordinates solution of the multigroup neutron trans-

port equations, for performing neutronic studies of bench-

mark type fusion-reactor blankets and for the evaluation of

fissile fuel breeding potentialities in the blankets (PR-P-

108: 4.2; AECL-5315 and PR-P-115: 4.2; AECL-5966). A severe

limitation of ANISN is that only simple geometries (homo-

geneous spherical shell regions, homogenous cylindrical

shell regions of infinite length, etc.) are treated ac-

curately. In order to extend our capability of assessing

fuel breeding capabilities to a larger variety of fusion-

reactor blankets we have recently obtained from RSIC (Radia-

tion Shielding Information Center, Oak Ridge National Lab-

oratory) a version of a Monte Carlo neutronics code MORSE-CG

(CCC-203, A and B; General Purpose Monte Carlo Multigroup

Neutron and Gamma-ray Transport Code with Combinatorial

Geometry). We are in the process now of determining the

specific capabilities and limits of applicability of this

code.



- 87 -

5.8 Calculation of Hydrogen Diffusion
Towards a Crack in a Stressed Solid

J.M. Blair and D.G. Stewart

This is a continuation of the work described in

PR-V-2.?.i : 5.10; AECL-5845. The firct phase of the calcula-

tion is to reproduce Lee-Whiting's results (AECL-5612) for

the time-indeçendent problem using the FORSIM code, and to

determine whether the computational error can be assessed

from the computed results. If so, the error estimate will

be used to assess the accuracy in the time-dependent prob-

lem.

The only practical method of assessing the error

in a mesh calculation is by repeated mesh halving and extra-

polation. This technique relies on the assumption that the

error in the computed quantity is proportional to some power

of the mesh spacing h, and also assumes that the solution

can be computed for a sufficiently small h. The FORSIM

calculations were done for meshes of 6 x 6, 11 x 11, and 21

x 21 points, with all derivatives approximated by three-

point finite difference formulae. The computed values of

A = -2RX /Q J^R-^ejde are 0.81980, 0.87763 and 0.88895 re-

spectively, giving an extrapolated value of 0.89171, and an

error estimate of 0.00276. The accurate value of A given in

AECL-5612 is 0.90442, with the actual error (in the most

accurate value) being 0.01547. Thus the error estimate is

too small by a factor of 5.6. It is likely that a more

accurate error estimate could be obtained by subdividing the

mesh still further, but this calculation is not possible,

since, with finer meshes, FORSIM cannot proceed to a con-

verged solution in a reasonable amount of computing time.

The stiffness of the equation hinders the solu-

tion, as for stiff equations the integration is limited to

small step sizes unless the Jacobian matrix is used to
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accelerate the predictor corrector iteration. The full
2 2

Jacobian matrix for a N x N mesh is a N x N matrix but

actually FORSIM uses an a x N matrix where a is a function

of sparsity. a increases with the order of coupling in the

finite difference formulae, and for a given formula, a may

also increase in time as new non-zero terms may be created

in the matrix. Both these factors limit the maximum mesh

size which can be used with the sparse matrix option for a

given coupling. The latter has very recently been attacked

by a modification to the sparse matrix option, but it has

not been used as yet on this problem.

A suggested method of increasing the accuracy of

mesh calculations is to increase the order of the finite

difference formulae used to approximate space derivatives.

The FORSIM calculations were repeated using five-point dif-

ference formulae and a mesh of 17 x 17 points, which is the

finest that FORSIM permits for this case. Convergence could

not be obtained with seven-point difference formulae and a

17 x 17 mesh. In general, the five-point results are more

accurate than the three-point, and less accurate than the

seven-point, for the same mesh spacings. We observe from

the results that the three-point formulae give an under-

estimate of A, while the five-point formulae give an over-

estimate, although there is no theoretical justification for

such a property. If it holds hr-'c for the time-dependent

problem, it will provide the required error estimate.

This calculation, which is typical of practical

problems, illustrates a difficulty sometimes encountered in

the use of general purpose codes. While the code will

produce answers which we can accept qualitatively, the

limitations on the size of problem that the code will accept

prevent us from being able to make quantitative statements

about the accuracy of the solution, seriously detracting

from the usefulness of the code for this application. Until

this difficulty is resolved, users must accept the results

cautiously.
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5.9 Transient Behaviour of Platinum
Self-Powered Flux Detectors

B.E. Purcell and W.N. Selander

The current signal from a platinum self-powered

flux detector consists of a prompt component proportional to

the neutron flux, and a delayed component resulting pri-

marily from delayed fission product gamma-rays. During a

reactor transient, therefore, the detector current does not

remain proportional to the reactor power. As a step in

deriving a correction which accounts for the delay, the

differential equation relating detector current, neutron

flux and gamma currents has been solved. The result can be

expressed as

D(t)/D(0) = F0<j>(t)/<f>(0)

^ Fi e X tl + h ft fSf e l da]

where D(t) is the detector current, <|>(t) the neutron flux,

F. the initial fractions of the components, X. their time

constants, and k is the number of delayed emitters. The

values of F. and thus the delayed fraction E F. are deter-

mined by fitting the above equation, in the1sense of least

squares, to current and flux data which are recorded during a

reactor transient.

A program has been written, and is currently being

tested, to compute the above expressions and to compute the

least squares solution for a given set of data.

This work is being done on behalf of C.J. Allan of

Reactor Control Branch.
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5.1Q Simulation and Integration of Differential Equations

(i) Method of Lines and Hyperbolic Equations

M.B. Carver and H.W. Hinds (Reactor Control Branch)

The study of the method of lines and the advective

equation is now complete, and a paper on the work is in the

final stages.

The upwind weighted residual method developed

previously (PR-P-115: 5.10(iv); AECL-5966) has proved to be

the most reliable particularly as it is not very sensitive

to the choice of weighting parameter. Equivalent results

may be obtained by using a linear finite element approach

with an artificial dissipation parameter, but the method is

very sensitive to the weight assigned to this parameter;

however, the linear finite element method was also shown to

be equivalent to the use of a cubic spline in a finite

difference sense, which makes it quite easy to implement.

Finally a third order upwind biased formula was found almost

as accurate as the above and is extremely easy to implement.

These three schemes have been shown to reduce

error by 75% in comparison to standard finite difference

formulae, and will now be applied to the more demanding

equations of compressible fluid flow.

(ii) Mathematical Modelling of
Radiolysis in Water and Air

M.B. Carver and A.W. Boyd (Physical Chemistry
Branch)

The study of radiolysis of water, reported by

E.L.J. Rosinger and R.S. Dixon in AECL-5958, and pre-

viously discussed in PR-P-109: 5.5; AECL-5508, showed that

the full set of required equations were too highly nonlinear
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to solve in the steady state, so a dynamic approach was

used. Available specialized chemical codes were not able to

proceed to very large reactor times due to the stiffness of

the equations, but FORSIM was able to proceed to orders of

magnitude higher in time. The required material balance was

monitored as an independent check, and it was found that

this began to deteriorate after departing from a metastable

steady state which had been maintained for a short period.

At this point, there is some question about

whether this radical behaviour is numeric in origin or

derives from an omission in the equations describing the

chemistry.

Currently a sensitivity analysis is being per-

formed on the reaction rate constants to determine the

criticality of their definition, and an independent check on

the integration of the equations is being done outside of

FORSIM. This is an attempt to take advantage of the struc-

ture of the equations, which may all be written

n n n
x' = Z Z c-.x.x. + E b.x. + a. (1)

where the c, b and a are sparse matrices and n is 11.

One may, therefore, develop finite recursion

formulae for the derivatives of (1), giving

X ] [
n ) = R + S b-xj" 1

where R is

Z Z C \a x*1 1"1^0* + a x ( n " 2 ) x ( 1 ) + a x ( n"3 )v ( 2>
* A C i j [ g l X i Xj + *2Xi Xj + 9 3

x i Xj
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and the g turn out to be the binomial coefficients. Equa-

tions 1 can, therefore, be integrated by a variable order

Taylor Series

m .m . .

xk(t+h) -xk(t)
 + J 1 5 T

x k (3)

where the step size h and order m are chosen to maintain a

specifiable truncation error in (3). As the equations are

moderately stiff, h must remain quite small, but the pro-

cedure is fast and advances to significant time. Early

results agree quite well with FORSIM.

Finally in an attempt to check the validity of the

approach, a set of five equations describing the radiolysis

of air were written. FORSIM was able to integrate this set

readily to steady state.

The study is still in progress,

(iii) FORSIM

M.B. Carver and D.G. Stewart

The new FORSIM manual is complete.

On request, FORSIM packages were sent out to

Dalhousie University, Northwestern University, University of

Manchester, Centre d1etudes de Bruyeres-le-Chatel, Budapeste

Muszaki Egyetem and Universitat Dortmund. The Technical

University Berlin and University Osnabruck received per-

mission to obtain FORSIM from ETH, Zurich.

Integration of ODE's

The integration algorithms developed in the pre-

vious report period (PR-P-115: 5.10 (iii); AECL-5966) have

been installed in the FORSIM program for extensive testing

prior to installation in the AELIB subroutine library. Some

minor modifications have resulted.
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A major improvement in the STIFFZ sparse matrix

optior. has been motivated by the work on "Calculation of

Hydrogun Diffusion Towards a Crack in a Stressed Solid" (PR-

P-II6: 5.9 ; AECL-6083). The sparse matrix option requires

a*A storage where M is the total number of ODE1 s and a is a

function of sparsity. To arrange sufficient storage, an

estimation of ex must be supplied in advance. Once the

sparsir.y structure is assessed then the actual required

atoracs ot' is known. Providing a1 is less than a,computa-

tion may proceed, otherwise a different integration option

~>i;?t. be uspd.» however, for certain problems the sparsity

r>'r;:\ic,':uze rr.ay; change with time. This is permitted in

STIFFS, but if the structure changes such that a' at some

time becomes greater than a the cross referencing system

required to handle the sparse matrix has been destroyed.

Previously computation was halted at this point.

Now, however, we monitor 6 = a - a1 and if ô > e

•:.v;pre e is small we proceed. If 6 < e we prohibit reassess-

•̂".-•nt of the sparsity structure and proceed with the previous

sF-ssr^n':. This is satisfactory, as only a good estimate

cZ t.iit. jacobian is required, not necessarily exact, but the

closer the better. This means that problems which were

previously insoluble because of the growth of « may now

procc-.r-.= at almost full efficiency. The possibility remains

thar. the choice of c is too small and at a permitted re-

assessment a' still exceeds a. In this case we have des-

troyed -he sparse matrix indexing but still do not abort,

instead we restart the integration from current values using

the optional diagonal approximation to the Jacobian.
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11 Data Reduction Programs

(i) Analysis of Electrolysis Data to
Determine the Initial Fluorine Concentration

L.E. Evans and B.E. Purcell
(for General Chemistry Branch)

A mathematical model and associated computer

algorithm were derived for the determination of initial

fluorine concentration from available electrolysis data.

Programs were written to read punched paper tape data, to

transform this data into the form required by the model and

to perform the necessary nonlinear least squares fits.

This work has been discontinued until further

experimental data are supplied.

(ii) Fuel Element Profilometer

E.G. Long and L. Herbert (Fuel Engineering Branch)

The work mentioned in PR-P-109: 5.14(iii);

AECL-5508, continued and a preliminary system of subprograms

was inserted into the program DIAMBOW.

This system attempts to locate significant maxima

in irradiated fuel element profiles and to obtain a smooth

curve to describe the surface of the fuel element prior to

irradiation.

(iii) SPECTRA

B.E. Purcell

A subroutine, SPECTRA, has been written to read

multi-channel analyzer data recorded on nine-track tapes,

by a number of experimental data collection systems at CRNL.

The common features of the formats of these tapes are non-

standard labels, ASCII headers, and 32-bit binary data words.

This subroutine is designed for programs with INPS

routines, such as JAGSPOT, PEKIN and JAGPREP.
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5.12 Information Processing

Radiation Recording System

C.J. Tanner and E.G. Long

At present all the processing of data from radia-

tion badges is done on the Head Office computer, using pro-

grams written in assembler for the IBM 370/115. A project

is now underway to develop a COBOL system for the CYBER

170/6600 for the processing of radiation data. The purposes

of this project are to:

(1) Write the programs that constitute the system in COBOL

on the CRNL computers.

(2) Establish the Radiation Recording System as a sub-

system of the Central Personnel Recording System.

(3) Incorporate changes into the system as requested by

Health Physics Branch.

The system design has bean completed and coding is

now being done. It is hoped that the new system will be put

into operation during the next quarter.

5.13 Miscellaneous Programs and Subroutines

(i) Fission Gas Release

B.V. Riff

A FORTRAN program is being written for M. Notley,

Fuel Materials Branch, to calculate the fission gas release

from a cylindrical fuel pin, in which the diffusion coef-

ficient varies as a function of radial temperature and

burnup•

(ii) Neutron Spectra Calculations
Using a Discrete Ordinates Code

H. Ing (Health Physics Branch) and P.Y. Wong

Calculations of neutron spectra using a modified

version of the O5R Monte Carlo code have been made for

several years (PR-B-112). Although the Monte Carlo tech-

nique is extremely powerful in its ability to handle a vast
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variety of problems, its execution requires considerable

computation time, especially when thermal neutrons are also

of interest.

For calculations involving only one-dimensional

geometry, the discrete ordinate code ANISN (K-1693, Oak

Ridge National Laboratory (1967)) can provide accurate

spectra information much faster than a Monte Carlo code

would. To assess this capability, we have calculated leak-

age spectra from a 10-cm radius H_0 sphere containing 14 MeV

and fission neutrons at its center using the ANISN code.

The cross sections for these computations were obtained from

the ENDF/B-IV library using the SUPERTOG code (ORNL-TM-2679,

1969). Leakage spectra were calculated in 100 groups in-

cluding a thermal neutron group which was omitted in pre-

vious Monte Carlo calculations (PR-B-96) because of long

computation times. Above 1 eV, the spectra produced by

ANISN agreed with those by O5R to within O5R's statistical

uncertainty.

(iii) COBRA

P.Y. Wong

The difficulty involving implementing COBRA-IV

(PR-P-115: 5.14; AECL-5966) on our CYBER 170/6600 system

has been resolved. An up-to-date version, including all

modifications provided by Battelle Northwest, was released

in October.

(iv) Modelling of Power Generation as a
Function of Fuel Enrichment and Burnup

L.E. Evans (for Fuel Engineering Branch)

The program LATFIT generates interpolating poly-

nomials for power generation as a function of burnup and

enrichment. These polynomials are fitted by multiple linear

regression using a stepwise regression algorithm. Problems
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associated with fitting unrealistic coefficients were

resolved by scaling the burnup values and restricting the

highest degree of enrichment to be one less than the number

of enrichment values supplied.

(v) Superconducting Cyclotron Codes

K.R. Chaplin

The magnetic field code GFUN is being modified for

use at CRNL. The field of the yoke is being calculated with

this code.

. (vi) JOBNAME
i

\ D.G. Stewart

i

; A FORTRAN-callable subroutine, JOBNAME, was writ-

ten in COMPASS to allow a program to determine the name of the

job (made up from the name on the job card plus a system-

assigned identifier) . The intent of the subroutine is to

simplify collocation of the outputs of frequently-run pro-

'> grams.

5.14 Operations

(i) New Equipment

B.B. Ostrom

During this period the building sprinkler system

was activated, all blue prints concerning the motor gen-

erator vault and associated electrical modifications to the

building were completed.

Work continued on:

(1) The consolidation by Bell Canada of their data and

voice lines within Building 508.

(2) The cleanup of the building structure after construc-

tion.

(3) Modifications to the closed loop chilled water system.
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(ii) Permanent File Accounting

E.A. Okazaki

The program which accumulates charges for permanent

files has been modified and the output formats altered so

that the cumulative file may be used for daily lists of

permanent files. A companion program to produce these

lists has been written to provide WNRE and PP with informa-

tion required for their permanent file monitoring.
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(iii) Computer Use by Division

The following table is an analysis of the jobs

processed during the quarter:

Utilization
Number of Jobs System Seconds

Heavy Water Projects 91 ( .12%) 303.66 ( 0.02%)

Power Projects 12,778 (16.99%) 590,325.49 (29.84%)

Whiteshell 3,300 ( 4.39%) 330,636.98 (16.71%)

CRNL:

Computing Centre 16,908 (22.48%) \ 133,411.01 ( 6.74%)

Contracts 1,599 ( 2.13%) 112,305.71 ( 5.68%)

Technical Information
& University Relations 2' 1 4 6 ( 2- 8 5 %> 13,512.92 ( 0.68%)

Biology and Health Physics 1,254 ( 1.67%) 6,898.80 ( 0.35%)

Chemistry & Materials 2,604 ( 3.46%) 71,529.70 ( 3.62%)

Physics 5,969 ( 7.94%) 189,839.22 ( 9.60%)

Electronics, Instrument .„ , - , ., .
and Control 4 2 8 ( °'57%> 629.62 ( .03%)

301,260.94 (15.23%)

Fuels and Materials 10,992 (14.61%) 151,363.24 ( 7.65%)

Administration 748 ( 0.99%) 3,227.79 ( 0.16%)

Medical 122 ( 0.16%) 139.07 ( 0.01%)

Finance 1,519 ( 2.02%) 10,381.07 ( 0.52%)

Operations 2,932 ( 3.90%) 24,783.98 ( 1.25%)

' < •••>•>•> -20 ( 0.00%,

General Services 113 ( 0.15%) 976.31 ( 0,05%)

Plant Design 912 ( 1.21%) 24,724.44 ( 1.25%)

Special Projects 2,383 ( 3.17%) 12,137.88 ( 0.61%)

Others 32 ( 0.04%) 46.19 ( 0.00%)

TOTAL 75,220 1,978,434.20
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5.16 Publications, Reports and Lectures

Publications

SIMULATION 77, MONTREUX
M.B. Carver
"Simulation" Technical Journal of the Society for Computer
Simulation (Simulation Councils Inc.) October 1977.

Reports

GISMO: A PROGRAM FOR CALCULATING HYDRODYNAMIC OSCILLATIONS
IN THE GENTILLY-1 STEAM MAINS
P.Y. Wong and E.O. Moeck (Reactor Control Branch)
AECL-5912, December 1977

THE FORSIM VI SIMULATION PACKAGE FOR THE AUTOMATED SOLUTION
OF ARBITRARILY DEFINED PARTIAL AND/OR ORDINARY DIFFERENTIAL
EQUATION SYSTEMS
M.B. Carver, D.G. Stewart, J.M. Blair and W.N. Selander
AECL-5821, December 1977

COMPUTING CENTRE NEWSLETTER, Vol. 4, Nos. 10, 11 and 12
Edited by L.E. Evans

Lectures

THE METHOD OF LINES AND THE ADVECTIVE EQUATION
M.B. Carver
Chemical Engineering Department, Lehigh University, Bethlehem,
Pennsylvania, 2 November 1977.
also presented at ACM Signum Conference,
Albuquerque, New Mexico, 4 November 1977.

The lecture listed above may not be available in print.
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by

P.R. Tunnicliffe

6.1 Staff

6.2 Nuclear Power Applications

6.2.1 Ion-Source Development
6.2.2 High Current Test Facility
6.2.3 Electron Test Accelerator
6.2.4 Fertile,-to-Fissile Conversion Experiments

at TRIOMF
6.2.5 Modular DC Power Supplies

6.3 Research Applications

6.3.1 Fast Intense Neutron Source
6.3.2 Heavy-Ion Superconducting Cyclotron

6.4 Mechanical Laboratory f

6.4.1 High Current Test Facility
6.4.2 Electron Test Accelerator
6.4.3 Fast Intense Neutron Source
6.4.4 Heavy Ion Superconducting Cyclotron
6.4.5 Reactor Physics

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

BRANCH HEAD:

Professional Staff

c
J
K
B
J
L
E
J
S
C
J

.B.

.C.

.C.

.G.

.S.
• W.
.A.
.D.
.B.
• R.
.A.

R.M.

G
J.
.E.

J.H.
H
S
M

.R.

.0.
• R.
J.

Bigham
Brown
Chan (2)
Chidley
Fraser (3)
Funk
Heighway
Hepburn
Hodge

J. Hoffmann
Hulbert
Hut die on
McKeown
McMichael
Ormrod
Schneider
Schriber
Shubaly
Ungrin

Mechanical Laboratory

J,.E. Anderchek

P.R. Tunnicliffe (1)

Technical Staff

R.J. Bakewell
R.J. Kelly
N.I.G. Labrie
D.W. Warren
J.F. Weaver

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

J.
T.
F,
F.
R.
A.
E.
A.
J.
B.
C.
P.
H.
J.
L.
A.
E.

Ardiel
F. Bird
Birney
Campbell
Cox
Dobbs
Geoffrey
Gillies
Hohban
Hood
Jones (4)
Keyes (5)
Kidner
Metivier
Michel
Vokes
Weeden

Laboratory Services

J.
J.
H.
J.

Hewitt
Murphy

Secretarial Staff

Mrs. M.A. Trecartin

(1) Retired, effective 30 December, 1977.
(2) NRC Post Doctorate Fellow, resigned 25 October, 1977.
(3) Posted to Los Alamos Scientific Laboratory for 1 year

effective 6 September, 1977.
(4) Attached to WNRE effective 6 September, 1977.
(5) Waterloo student, arrived 29 August, 1977.
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6.2 Nuclear Power Applications

6.2.1 Ion-Source Development

M.R. Shubaly

Development of high current dc ion sources

suitable for a spallation neutron factory accelerator is

continuing. Studies of a multi-aperture source and

extraction system have begun.

a) Ion Source Test Stand

Test stand operation during the past quarter has

been generally good. The sparking between grounded com-

ponents observed in the previous quarter (PR-P-115, 6.2.1 a);

AECL-5966) was apparently due to a poor building ground

during the dry weather and it no longer occurs. An isolation

valve has been installed between the ion source and column,

and the rest of the system to permit venting of only a small

part of the vacuum system during source and column changes.

This decreases the time needed to pump down after a source

change. Installation of a new accelerating column required

modification of the suppressor supply and some protection

circuits.

b) High Current Ion Sources

Development of the duoPIGatron source continues.

An accelerating column suitable for a multi-aperture extrac-

tion system has been installed. The electrodes in the column

are in an "accel-decel" configuration and will allow extraction

from up to seven apertures, which should give a current of

455 mA (65 mA per 4.5 mm diameter aperture). Initial

experiments were carried out using a single 4.5 mm diameter

aperture whose shape (on the surface facing the accelerating

gap) was optimized using the beam tracing program AXCEL.

Experiments indicate that the shape is not quite correct;

however the measured normalized emittances at 40 mA, 36 kV
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and 65 inA, 45 kV were respectively 0.25 ir mm-mrad and 0.33

IT mm-mrad. These values are not inconsistent with measure-

ments made at other laboratories, and are about 8 to 10 times

smaller than those for a duoplasmatron at the same current.

Initial experiments with a 3 aperture system, at currents up

to 160 mA indicate that the plasma in the extraction region

is not as uniform as desired. Experiments to improve uniformity

are in progress.

c) Duoplasmatron Sources

The two anodes with internal cooling channels were

damaged, one on the Fast Intense Neutron Source accelerator

by backstreaming electrons, the other on the test stand

because of an air leak and an inaccurate pressure gauge.

Both have been repaired and will be tested later.

d) Other Studies

The power density of the beams to be run on the

test stand is greater than the capacity of the present EMU

beam stop. An experiment with a "swirl tube" beam-stop test

section showed that a power density greater than the expected

1.2 kW/cm could easily be handled. A beam stop using this

arrangement is being designed.

6.2.2 High Current Test Facility

B.G. Chidley

Work continues on assembly and testing of the 3 MeV

100% duty factor proton linear accelerator to study problems

in the initial section of an accelerator suitable for a

spallation neutron factory.

a) Injector

J. Ungrin

Serious deconditioning of the accelerating column

occurred early this quarter as the result of damage caused

by a burst of backstreaming electrons. The electrons,
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generated during a column arcdown melted a portion of the

insulating cone in the ion source expansion cup and

sprayed molten insulator into the column. The extraction

electrode was removed and cleaned but operation of the

column after the damage was not initially possible for

currents greater than ^ 8 mA. Operation has now been

restored to ̂  20 mA levels.

Injector operation has been limited to alternate

weeks because of the effects of arcdowns on the trip

circuitry for the rf system of the electron test accelerator

(6.2.3) which is housed in the same building. Improved

grounding schemes and increased power and signal line

isolation are being added to attempt a reduction in the

interference.

A set of modified electrodes is being fabricated

to allow operation of the column with three fewer electrodes

in the high gradient central region. These electrodes

which are due for delivery late next quarter will be used

to determine the effect of gap voltage on reliability.

Drafting has begun for a new set of column

electrodes which will operate with an accelerating

gradient on axis of 2.1 MV/m (vs present 3.1 MV/m) to

investigate reliability as a function of accelerating

gradient.

b) Beam Emittance Studies

M.R. Shubaly and J. Ungrin

A short series of emittance measurements was luade

on a 16 mA total current beam. A comparison of two different

pepperpot plates; one with a + shaped array of thirty 0.127 mm

holes (PR-P-112, 6.2.1 b); AECL-5697) and one with an 11 x 17

array of 0.10 mm holes showed no effect from the hole size

on the observed pattern. The latter plate allows simultaneous

measurements over the entire beam. The observed emittance

pattern does not differ from that observed previously

(PR-P-113, 6.2.1 b); AECL-5802). Further measurements will
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be carried out following realignment of a quadrupole triplet

in the 45° section of beam line.

c) Rf System

J.C. Brown and B.G. Chidley

Investigation of the triode amplifier input

circuit excitation was completed and corrective measures were

initiated. As reported in PR-P-115, 6.2.1 b ) , AECL-5966,

the inability to exrite the desired TEM-3 mode over a narrow

band of frequencies which include the system frequency of

268 MHz, is attributed to an internal parasitic path

shunting the active portion of the grid of the RCA A150 39

triode which completely suppresses this mode when the

filament-grid cooling channel is filled with water. I

Low power tests were conducted with mixtures of

methyl alcohol and wacer which demonstrated that as the ;

concentration of alcohol increased, the Q of the desired mode j

at 268 MHz increased. With pure methyl alcohol, dielectric

constant of 32, the coupling was sufficient for amplifier

operation but less than that attainable when the cooling ;

channel is dry. As the electrical length of the shunt path

is shortened by the change in the coolant's dielectric

property, the phase difference between the normal and shunt j

path is reduced, thereby detuning the parasitic resonance j

developed across the active portion of the grid. With [

Freon 113, dielectric constant of 2.4, in the cooling channel,

the coupling was approximately that obtained with air. Pure !

ethylene glycol was considered but not tested. Its high I

dielectric constant of 40 would have produced insufficient

correction and its high viscosity would have produced excessive

pressure drop at the required flow.

Freon 113 was selected as the most suitable coolant.

The design of an independent cooling system for the filament-

cooling channel has now been completed and detailing is
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in progress. Fabrication or procurement of long delivery

components has been initiated.

d) Alvarez Tank

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

Dielectric bead measurements of the on-axis

electric field distribution in the Alvarez accelerating tank

were conducted. The spacing of the first half-drift tube

was adjusted to raise the first cell voltage to within

tolerance.

The tank was sealed and a vacuum of approximately

2.7 x 10 Pa was established; however it was not possible

to hold this vacuum because of leaks which developed at the

temporary cooling connections for the end plates and their

half-drift tubes. These were not connected permanently to

permit removal of the end plates for replacement of two

drift tubes early in the new year, expected to be available
-4

in January. To maintain a vacuum of 4-8 x 10 Pa it was

necessary to remove water cooling from the end plate and

half-drift tube channels and to hold them at a rough vacuum.

The end plate deflection due to atmospheric pressure was

measured at about 1 mm with the tank under vacuum.

The tank frequency was measured (to be 268.12 MHz)

at vacuum and a cooling system temperature of 27°C. This

compares very favourably with the design value of 268.33 MHz

as calculated using the IDDA code. The coupling loop was

positioned for critical coupling and the following measure-

ments were made :

Q <v. 40,000

Q- ^ 20,000

Af/At at t = 27°C reference ^ 5 kHz/°C.

To assess future shielding requirements and to

gain some experience with tank operation, the tank was rf
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conditioned to a power level of 10 kW average using the low

level and tetrode driver stages as tfte rf source. As

expected multipactoring was encountered in the drift tube .

region at a power level of about 10 W. Rf pulse modulation

was used after average powers of a 4-5 kW had been reached

to speed conditioning and avoid frequent fast shutdowns but

the modulation method was unable to generate pulse risetimes

sufficiently fast to drive through the multipactoring levels.

It was necessary then to maintain a base power of at least

2-3 kW between pulses. As the tank surface condition

improved, the duty factor was reduced from 10 to about 1-2%

and the average power was raised to the maximum permissible

without end plate cooling. Peak powers reached approximately

50 kW.

As expected, the radiation produced with excitation

up to one third design voltage has proven to be very small.

During early stages of conditioning with a low duty factor

pulse of about 35 kW peak, soft radiation was observed in the

beam line position at both ends of the tank. Assuming most

of this was generated during the pulse, the cor.r sponding

level for 100% duty factor was about 150 mR/h. ^s condi-

tioning progressed, the radiation level decreased and after

about 30 hours, was not observable. Hence the present plans

for small amounts of local shielding appear appropriate.

6.2.3 Electron Test Accelerator (ETA)

J. McKeown

This two-tank experimental 4 MeV 100% duty factor

electron accelerator is intended to study problems associated

with the main portion of a spallation neutron factory based

on a proton linear accelerator.
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a) Accelerator Operation and Experiments

G.E. McMichael and J. McKeown

The 3=1 structure was returned to service after

beam-line modifications in the injector and graded-3

structure regions were completed. Many of the problems

reported in the last progress report (PR-P-115, 6.2.3 a);

AECL-5966) have been corrected and the overall performance

of the accelerator is greatly improved.

The injector line has been reconfigured to reduce

the electron source to buncher separation from 62 to 34 cm.

This change, along with improved beam position diagnostics,

has made it possible to increase the transmission through

the graded-3 structure to approximately 80% and decrease the

beam loss at the bridge scraper from 15 to 5%. Sixty-five

to 70% transmission through the two structures has been

achieved with further improvement expected.

Several deficiencies in the tunnel shielding were

found when 3.5 MeV operation resumed. The tunnel was

partially disassembled and the shielding blocks rearranged

to correct streaming through cracks between the blocks.

Work is ready to start on modifications to the

3=1 structure cooling system to correct problems of tempera-

ture instability and entrained air bubbles. Commissioning

of the differential pressure cells for the 3=1 structure

cooling system continues. Three cells have been installed

but the flow calibration curves supplied by the manufacturer

only apply to an air-free system and appear to be in error

by 30% with our system.

In a joint experiment with the Reactor Control

Branch to investigate the properties of platinum self-powered

radiation detectors, one detector was installed close to the

beam dump at the end of the graded-3 section. Preliminary

results indicated a field of 1 MGyh~ 1-A~ 1 (108 rad-h"1^"1)

at a location 0.3 m downstream from the beam stop for a

1.4 MeV beam.
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As the concentration of heavy water (D_0) in light

water is approximately 0.02% it can be expected that an

appreciable number of neutrons will be produced by the d(y>n)p

reaction by y~rays exceeding the 2.2 MeV reaction threshold.

A crude experiment with silver and gold foils immersed in a

water tank about 1 metre from the beam dump failed to detect

these neutrons during one short run with a 3.5 MeV beam.

First beam experiments were done with the resonant

beam position monitor placed just in front of the beam dump

at the end of the graded-3 structure and it was observed that

the beam excited the cavity as the beam was deflected by

steering coils placed 35 cm upstream. The phase between

opposite pairs of signals at the third harmonic of the beam

frequency was observed to change by 180° as the current in

the corresponding pair of magnets was changed, thus verifying

the principle of the design; but some problems still remain

unresolved. A more definitive experiment with the well-

bunched beam emerging from the 3=1 structuré is planned.

b) Rf System

J. McKeown

The klystron commissioning stand in Bldg. 467 was

used to continue experiments with S/N 11 (75 kW) klystron.

Vacuum problems continue. The maximum output power achieved

was 54 kW at which point cathode poisoning reduced the

collector current by 20%.

A leak check of S/N 101 revealed a radial crack

along a butt weld at the output cavity. A first attempt to

seal the leak by rewelding seemed to increase the size of

the leak. A deeper penetration weld made no improvement,

where upon "TORR-SEAL" was used. This was successful and a

base pressure of less than 1.3 yPa was obtained. However

any outgassing from heat released during klystron start-up

would lead to cathode poisoning. The klystron was therefore
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installed in the bakeout oven in Bldg. 145 and pumped at

125°C. After four days the pressure was 13.3 yPa and experi-

ments to activate the cathode at this temperature have begun.

The rf fast-trip system is still sensitive to

arc-downs from the high current test facility's 750 kV

column. After adding additional rf isolating transformers
4

tests were done with reverse power trip settings at 15 kW.

One klystron vacuum trip occurred during accelerator opera-

tion which indicates that the crowbar activated only by

excess body current provides insufficient klystron protection.

Work continues to try and improve noise immunity so that

reverse power trip settings can be reduced.

c) Pancake-Coupled Structure

J. McKeown

The main features of this structure were described

in the previous progress report /(PR-P-115, 6.2.3 c);

AECL-5966). Tuning of the electrical aluminum model is

underway. To reach a coupled i/2 mode frequency of 805 MHz,

a procedure adopted previously'at S-band (S.O. Schriber et al.,

Proton Linear Accelerator Conference, LA-5115, p.140 (1972))

was used. The frequency of each individual 1/2 cell was

measured in the hydraulic press with its adjoining 1/2 cell

shorted. Scaling the measurements from S-band, the target

figures for this procedure are 809.6 MHz for the accelerating

cell and 833.2 MHz for the coupling cell.

After the first cut the individual 1/2-cell

frequency measurements of accelerating cell and coupler were

806.6 MHz and 825.7 MHz respectively but a four parameter

fit of the five mode frequencies yielded a coupled accelerating

cell frequency of 817.7 MHz. The coupling cell frequency was

too high and the target frequencies using this procedure are

obviously not the frequencies scaled from S-band. The dis-

crepancy is attributed to a greater web thickness and

different measurement conditions.
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The resonant frequencies were brought on tune by

machining the accelerating cell nose and increasing the

coupling cell diameter. The model is now sufficiently well

tuned to investigate the coupling possible with a web

thickness of 15 mm. A four parameter fit to the five mode

data shows that first neighbour coupling is 2.47% with a

coupling slot scaled from S-band. This compares with a

coupling constant of 5.0% at S-band. The reduced coupling

is a consequence of the increased web thickness necessary

to support radial cooling in the high power structure.

The second neighbour coupling from this fit is

0.026% confirming the observation of Schriber et al. that

second neighbour coupling of this structure is negligible.

Work continues to determine the size of coupling slots

necessary to give 10% coupling.

d) Computer Data Acquisition and Control System

G.E. McMichael and J. McKeown

A low frequency analyzer using the Fast Fourier

Transform (FFT) Technique has now been catalogued in the ETA

computer library. The analog multiplexer takes a set of

readings as a function of time and the transformation is done

by software. The analog line is sampled at a rate specified

by the user to obtain 1024 data points. From this data the

amplitudes of the components at discrete frequencies are

calculated. The output is in the form of an amplitude

versus frequency plot on the Computek plotter. The options

available to the user are: the analog line number and gain,

the wait time between samples, a choice of displaying the dc

component and finally, linear or logarithmic X and Y scales

on the output.

The wait time between samples determine the

frequency range of the analysis. The smaller the wait time,

the higher is the maximum resolvable frequency. A wait time

of 50 ms, corresponding to a maximum frequency of 20 kHz,

will give an error in frequency of 10%.
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6.2.4 Fertile-to-Fissile Conversion Experiments at TRIUMF

B.D. Pate, I.M. Thorson and F.M. Kiely (Simon Fraser

University) with J.S. Fraser

This work is intended to provide experimental

measurements of neutron and fissile material production in

spallation targets for a neutron factory and to provide a

verified base for calculations of yields.

A close collaboration has been established with

the Los Alamos Scientific Laboratory (LASL) where a parallel

program will extend measurements to 800 MeV incident energy

protons.

a) Neutron Leakage Measurements

Analysis of data from the previous experiments to

measure neutron leakage from U, Th and Pb target assemblies

have been completed. Results are shown in Table 6.2.4.1.

Arrangements have been made for these values to be checked

by (a) independent integration of sample neutron flux inten-

sity distributions by CRNL and LASL and (b) intercomparison
198

of 6-decay assaying of standard Au specimens between

SFU/TRIUMF and LASL.

Forthcoming measurements will repeat

studies on certain of the present target configurations to

achieve better precision; later measurements will add data

on targets with central elements of C and Al. These elements

will need to be of increased length (to stop the 500 MeV

proton beam); design of a revised target can for this is

complete.

b) Conversion Experiments

A pilot experiment has been conducted on 7-spectroscopy

of samples to be taken from the elements in uranium and thorium

target arrays. To use the existing target cans (which do not

permit accommodation of the stringer assemblies to
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Table 6.2.4.1

Neutron Leakage Multiplicities

(Neutrons per incident

-- JCncident Energy

^~"--\, (MeV)
Tar ge t"~—--̂ ^

U-1

U-7

- U-19

U-37

U-37 indent

Pb-l-U-6

Pb-l-U-36

Pb-7-U-30

UO2-37

Th-1

Th-7

Th-19

Pb-l-Th-6

Pb-7-Th-12

Pb-l-Th-18

Pb-7

Pb-1 (500 MeV)

Pb-7 (500 MeV)

Experimental

480
(% error)

9.9 (3.5)

11.7 (10)

13.9 (6)

17.6

19.0

9.6

12.8

11.9

14.4 (4.5)

7.0 (2)

7.7 (3.5)

9.7 (2)

7.2

8.8

7.2

8.3 (1)

8.7 (4)

8.3

proton)

Calculated

480

9.3

10.7

12.0

11.9

-

-

-

-

8.8

Experimental

350

7.5

7.1

7.0

10.6

8.0

6.4

7.2

4.7

5.2

5.6

4.1

6.6

4.2

4.5
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be employed) for this first trial, discs of uranium or

thorium were taped to the surface of certain of the 37

target elements in a uranium target assembly and recovered

one day after the end of irradiation. Gamma-spectroscopy

measurements were then made at 2-3 day intervals, with

statistics adequate for accurate line-energy determination

and for approximate half-life assessment. Resulting spectra

(taken with an ORTEC Low Energy Photon Spectrometer detector

on a uranium sample) show that prospects are good for deter-

mination of the activity as a function of position within

the target assemblies, not only of the conversion intermediate

nuclide, but also of certain fission products and also

products of (n,2n) reactions.

c) Calculations; Neutron Evaporation Spectrum and Fission

Competition

Calculations, using the VEGAS (ISOBAR) code, on

the interaction (initially the fast cascade phase) of 500 MeV

protons incident on various target nuclei include C, 0, Al,

Au, Bi, Th and U. Five thousand cascades are being calculcited

in each case. Work is also continuing on adaption of the

JULIAN code - with a J-dependent fission width - to accept

the VEGAS output as input. This will enable the neutron

evaporation spectrum to be calculated when the effects of

angular momentum and fission competition are included.

A pilot experiment in support of these calculations

is being prepared; it will detect neutrons emitted by a thin

Pb target bombarded with 500-MeV protons. Gold-foil threshold

detectors will give neutron spectrum information via the (n,2n),

(n,3n), and (n,4n) reactions. A Pb target assembly has been

designed for the "in-air" proton irradiation facility in Beam

Line 4A at TRIUMF. Initial trials will assess the neutron back-

ground and other effects in the proposed experiment location.
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d) Apparatus

The sample-changer for yspectroscopy measurements

is complete and working. Interfacing via CAMAC to the NOVA-3

is in hand. Key electronic modules purchased for the

y-spectroscopy system have arrived; a decision on the necessary

detector purchase is imminent. A target assembly for the

first pilot experiment on measurement of the neutron-spectrum

from a thin Pb foil has been constructed.

6.2.5 Modular DC Power Supplies

J.C. Brown

The supplies service the rf power systems of both

the High Current Test Facility and the Electron Test

Accelerator.

Modifications were completed to incorporate the

Raytheon 35 kV dc power supply into the modular system. It

has a 35 kV 6 A dc rating and is suitable for those applica-

tions requiring a positive ground, i.e. klystron rf power

sources. Since it has a full range voltage control, a

feature not available on any of the larger units, it is

particularly suitable to low-level conditioning of klystrons.

Its output and control terminals are connected directly to

the patching facilities of the modular system and intercon-

nections are now approved for any of the klystron stands in

Bldg. 610 and the new klystron conditioning stand in Bldg. 467.

Personnel safety conforms to that of the modular system.

6.3 Research Applications

6.3.1 Fast Intense Neutron Source (FINS)

J.D. Hepburn and B.G. Chidley

Commissioning of the accelerator for the 4 x 10 n/s

source continued in Bldg. 513B. Effort during the quarter

was divided between experiments on the accelerator, maintenance,

assisting Health Physics Branch personnel install the facility
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safety system, and installation of remote operating systems

for the accelerator.

Beams of up to 13 mA H on target were routinely

available with mean time between sparks of at least 1/2 hour.

Energy modulation in the beam caused by high voltage power

supply ripple is converted to a horizontal beam oscillation

by the bending magnet resulting in an effective increase in

the beam width. Because ripple increases with increasing

current, beam losses on the quadrant aperture are propor-

tionately greater at high currents and could become

unacceptable above 12 mA target current without suitable

corrective measures. A feedback circuit, in which current

intercepted on the quadrant aperture is used to control a

small deflecting magnet, was tested; it greatly reduced beam

interception by the quadrant and improved beam stability on

target. An improved version of this system is being con-

structed. It is also possible to alter the shape of the

beam spot by changing the position of the double focusing

bending magnet or by adding wedge shaped pole face shims,

producing a narrower beam which partially offsets the

effect of ripple.

The following conclusions concerning electron

suppression techniques have been reached by using a computer

code (W.B. Hermannsfeldt, "Electron Trajectory Program",

SLAC report No. 116, Stanford Linear Accelerator Center,

Stanford University (1973)) to solve electrostatic field

distributions, and by observing accelerator behaviour.

1. A tube-shaped electrode is much more effective

than a flat plate electrode for establishing a

potential well to prevent electrons from entering

the column.

2. The suppression electrode should not form one

side of a high-voltage, high-gradient gap

because microdischarges on the electrode can
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perturb its potential enough to cause momentary

loss of the electron trap.

3. The potential well should be as close to the

accelerating field as possible, and should be

between the first beam-defining aperture and

the column.

The Mk III electrodes (see section 6.3.1, PR-P-114;

AECL-5845) are ready for installation; the associated

suppressor system incorporates these criteria.

A deuteron beam of 13 mA D at 250 kV has been

accelerated with a reliability comparable to protons. The

total deuteron current was about 15% less than the proton

current would be for comparable ion source conditions but

the deuteron percentages were higher so the current on

target was approximately the same although the spot size was

slightly larger. The 13 mA D beam gave a measured output

of 1.5 x 10 n/s using the deuterium implanted by the beam

in bare copper as the target.

6.3.2 Heavy-Ion Superconducting Cyclotron

J,H. Ormrod

Design and development of a superconducting

cyclotron for a post-tandem accelerator continues. Assembly

of the full-scale model of the magnet is in progress and

field mapping is scheduled for early next summer.

a) Code Development

E.A. Heighway

The second-order matrix output option for the code

GOBLIN has been tested in the unaccelerated mode by compari-

son with the code TRANSPORT. Small differences (̂  20%) in

some second-order terms were found. Exact analytical cal-

culations showed GOBLIN to be correct and TRANSPORT in error.

Tests of the matrix option in the accelerated mode show
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errors for large turn numbers and because of the long

execution times, are proving difficult to diagnose.

Effort has returned to the Rutherford Laboratory

three-dimensional magnetostatic code GFUN3D to calculate

the stray field from the yoke beam holes. Execution times

are extremely long and efforts are being made to improve

the convergence rate; however, for similar geometries,

good agreement with POISSON is found.

b) Cryogenic Systems

J.A. Hulbert

(i) Magnet Cryostat

The lower base ring of the helium can was

delivered from the manufacturer in October and set up for

assembly of the magnet coil. The remainder of the helium

can components are awaiting CRNL inspection at the manu-

facturers before final assembly and precision machining of

the bridge. Delivery is scheduled for early January 1978.

Radial coil bracing components have been delivered

and the vertical coil hangers are being made at an outside

machine shop. A work order has been raised for the radiation

shield. Efforts are being made to obtain earlier delivery

of the vacuum tank; all material for this tank is in the

hands of the supplier and machining of small components is

in progress. Super insulation for the final assembly has

been ordered.

(ii) Helium Liquéfier

The new metal recovery gas holder has reduced the

atmospheric water in the system and the load on the purifier

as anticipated; however, the liquéfier has not yet been

operated sufficiently to dry the high pressure gas storage

cylinders completely.
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(iii) Magnet Leads

The 1 cm core magnet lead pair was installed in

the test cryostat in early October and operated at currents

up to 3000 A, and gave a heat flux to the liquid helium of

1.0 mW per ampere per lead. At the maximum magnet operating

current of 2300 A the heat flux was 1.1 mW per ampere per

lead. The zero current heat flux was 3.2 watts for the

pair. The performance over the range of measured currents

for this pair is shown in Fig. 6.3.2.1.

During an attempt to define the current optimum

for the leads a catastrophic thermal instability was

generated at 4000 amperes and the silver solder attaching

the fins to the upper 10 cm of both leads melted. With the

limited lead instrumentation in use it was not possible to

determine the source of the failure unambiguously but the

CURRENT amperes

Fig. 6.3.2.1 Heat flow into liquid helium from gas cooled

lead (1 cm core diameter) as a function of

lead current.
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evidence pointed strongly to the upper end heat sink contact

plate as the origin of the overheating.

The leads were rebuilt with improved instrumenta-

tion and better room-temperature end contacts. All contact

areas were increased, those of the leads themselves by a

factor two, and contacts were reduced in resistance by the

use of power-line greases, indium plating and indium gaskets

as appropriate. As a final precaution, both leads were fitted

with emergency water cooling channels. Multiple potential

contacts down each lead, connected to a scanning digital

voltmeter made it possible to use each lead as a self-

monitoring copper resistance thermometer.

These instrumented leads have been used for a

number of measurements. First the results of Fig. 6.3.2.1

were reproduced up to a current of 3250 A. No attempt was

made to go any higher in current although at this level

there was no indication of any temperature instability.

Next the effect of a lead cooling failure was examined.

Should the lead cooling passages become blocked, the lead

temperature would rise until overheating caused an insulation

failure. Our studies show that pabential contacts about

10 cm down the finned section of : the lead will give adequate

warning of such a blockage and that the leads will then

survive for a time well in excess of the magnet dump time

without damage. The duration of our tests was limited by

the cryostat liquid helium capacity but safe operating times

with no cooling were established at up to 25 minutes at

1000 amperes and up to 10 minutes at 2100 amperes. Figure

6.3.2.2 shows the variation in temperature profile of a fully

cooled lead as the current is changed and Fig. 6.3.2.3 the

development in profile with time when cooling is shut off at

2100 amperes.

The third experiment attempted to determine the

practical consequences of "over cooling". Under the earlier
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400

40 bO

PISTflNCE «LONE LEOD cm

Fig. 6.3.2.2 Temperature profile along lead as a function

of current. Zero distance is at the first

lead point emerging from the cryostat. The

lead is finned from 10 cm to 93 cm.

20 40 60

DISrHNCE «LONG LEAD cm

Fig. 6.3.2.3 Time development of lead temperature profile at

2100 A with cooling flow stopped at t=0 seconds.
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experimental conditions the lead cooling is approximately

'self sustaining1,* the thermal gradient in the leads at the

liquid helium surface adjusts until the helium boiloff flow

up the leads is sufficient to attain temperature equilibrium.

If additional boiloff is generated by stray heat influx to

the liquid helium the same lead flow can be maintained with

a reduced gradient in the leads. The effect is that the

net heat flow down the leads is compensated by the super-

ficial heat influx to the cryostat. A heater was placed in

the liquid helium and operated during lead tests under full

boiloff flow at 2100 A and 2600 A. The overall result was

that additional heat fluxes between 2.5 and 6.5 watts are

effectively reduced by a factor 3 due to the resulting

redistribution of the temperature at the lower ends of the

leads.

c) Magnet

(i) Magnet Iron

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

The lower pole, lower end ring and segment walls

have been assembled in Bldg. 467. During assembly it was

found that machined surfaces of the end rings were 'dished'

by 0.4 mm which would have resulted in an unacceptable

displacement of the magnet coil under magnetic load. The

rings were returned to the manufacturer for correction. The

assembly is now within specified tolerances and has been

accepted.

The lower pole jacking drive system has been

installed and operated. A problem of vibration during the

first 15 cm of lowering is under investigation; operation

in both directions for the remaining space is satisfactory.

The hydraulic bolt tensioners have been assembled

and are used effectively to secure the pole into the yoke.
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The flutter pole (hill) assemblies are well into

the fabrication stage and the manufacturers have confirmed

a delivery date of March 31. Assembly and alignment

procedures for these poles have been written.

Tests on a prototype trim-rod drive have shown

that a pneumatic cylinder to support a major portion of the

load is feasible and will be incorporated but also that the

miniature dc electric motors are not reliable particularly

in a magnetic field. A search for more suitable motors and

gear units is continuing.

(ii) Superconducting Coils

H.R. Schneider

Installation of the coil assembly jig is complete.

It consists of a radial array of twelve 20 cm aluminum I-beams

fastened to the floor and accurately levelled, and an

accurately aligned vertical post that is the centering

reference for the coils. A clamping fixture can be attached

to the I-beams to provide precompression of the coils and

Belleville springs while the helium can walls are welded in

place.

The helium can base plate, Belleville springs and

coil pressure plate are in place and centered on the assembly

jig. The pancake coil centering system has been commissioned

and used to center the first pancake coil. Radial T-clamps

for this coil are being tensioned and glued.

Because the inner wall of the helium can will be

in place before assembly of the top coil begins, centering

of the pancake coils by direct measurement is difficult.

Therefore a sensitive magnetic coil position sensing method

has been developed using the steep magnetic field gradient

near the inner turn of a current carrying pancake coil.

Figure 6.3.2.4 is a schematic drawing of the

centering system. Two magnetic pickup coils, connected in
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Fig. 6.3.2.4 Pancake Coil Centering System
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opposition, are located at the ends of a motor driven beam

that rotates about the assembly jig center post. Centering

measurements are made with a 6 A, 24 Hz drive to the pancake

coil. The induced signal in the pickup coils is amplified,

then fed to a phase sensitive detector and finally to a

scanning digital voltmeter that can be read by a Hewlett

Packard Model 98 30 calculator.

The centering measurement is done under calculator

program control. It steps the pickup beam through 360°,

reads an angular-position potentiometer and the phase

detector output through the scanning digital voltmeter and

finally does a first harmonic least squares fit to the data.

From the amplitude and phase of the first harmonic new

readings for the three dial gauge coil position monitors are

calculated.

During centering the pancake coil is suspended

about 1 mm above its final resting place in the coil stack

so that easy adjustment of coil position is possible.

Centering is an iterative procedure. About five measurements

and coil position adjustments have been found necessary to

achieve centering to within ± 0.1 mm, well within the

.requirements.

(iii) Magnet Power Supply

C.R.J. Hoffmann

A dual power supply consisting of two identical

dc current supplies having high precision current regulation

has been ordered. The dc voltage and current ranges are

0-8 V and 0-2500 A. To charge the coupled magnet coils

simultaneously the power supplies are required to operate in

a master-slave configuration with the slave supply keeping
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its charging rate equal to that of the master within 10 mA/s

until one coil is charged. The other coil continues to

charge at a rate fixed by its power supply voltage setting.

(The voltage setting of the master also determines its

charging rate.) Each power supply is required to maintain

its coil current constant to + 20 mA for any current setting

in the range 100-2500 A. The power supplies will be capable

of manual as well as computer controlled operation.

(iv) Field Measurements

1) Measuring Equipment

J.H. Ormrod

The forty flip coils have been wound. Four of the

integrators are complete, the remaining thirty-six are com-

plete except for the capacitors that are expected soon. The

apparatus for aligning the magnetic center of each coil with

the flipping axis has been fabricated and tested. The

apparatus for calibrating the flip coils and integrators has

been fabricated and is being assembled. Detailed design of

the field mapping apparatus is complete and fabrication has

started. Calculations on tolerances for the apparatus to

measure the first harmonic component of the magnetic field

are complete and detailed design has begun.

Preliminary measurements on reproducibility using

a permanent magnet, an actual flip coil, the prototype

integrator and the proposed digital voltmeter have shown

variations of approximately ± 10 \im ("v 4 parts in 105) . These

measurements are for an induction an order of magnitude

lower than that in the cyclotron magnet, and surpass the

requirements, even on a percentage basis, for normal field

mapping. A factor of four improvement (in percentage

reproducibility) is required if field stability is to be

measured with the apparatus. The greatest contribution to

the variation is not field dependent (mainly integrator drift)
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and the apparatus may be adequate in its present form.

Further experiments are in progress to verify this.

2) Data Accumulation

E.A. Heighway

Familiarization with the PDP 11/34 software MUMTI

has been gained by writing a field mapping simulation code

for the Educrate. This permitted familiarization with most

of the Camac modules to be used in the actual field mapping.

d) Accelerating Structure

C.B. Bigham

Fabrication of the full-sized high-power rf model

continues and is expected to be completed during February

1978. The dees are formed and cooling tubes installed in

one pair. The liners are formed and are being vacuum tested

in preparation for installation of cooling tubes. The two

main tuners (upper and lower) are complete and being assembled

for vacuum testing. The rf drive capacitor and the two

balancing capacitor assemblies are complete and tested. The

dummy vacuum chamber for out-of-magnet tests is complete and

vacuum tested. A work order has been issued for cooling

system work.

The rf control and monitoring circuits are com-

plete. Interlock and computer interface circuits suitable

for initial tests have been wired.

Fabrication of the main 100 kW rf power amplifier

is 10 weeks behind the original schedule with shipping

expected in the middle of March 1978.

e) Injection

( i) Foil Changer

D.L. Beaulieu (Civil & Mechanical Design Branch)

Fabrication of the foil changer components which

will be located in a dee is complete. Minor changes may be
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needed to the mounting plate to ease the fitting of cooling

tubes in the dees.

Ferrofluidics rotary vacuum seals to drive the

foil conveyor chain are being investigated.

f) Extraction

C.R.J. Hoffmann

Calculations have been performed to estimate the

consequences of stripper foil aging on extraction of a

10 MeV/u iodine beam. As the foil ages it thickens and

changes from being slack to taut. This behaviour is

reflected as time dependent changes in initial energy and

in stripping azimuth. The results show that for upper limit

changes of 1 MeV in energy and ± 0,5 mm in radial momentum

no readjustment of extraction system parameters is needed.

(The momentum units are p/gB x 10 mm where p, q and BQ are

respectively momentum, charge and central magnetic field in

MKS units.) Dee voltage was adjusted to keep the extracted
4

beam energy constant to a fev parts in 10 .
The calculated radial acceptance of the extraction

system referred to the electrostatic deflector entrance is

^ 10 TT mm-mrad for 10 MeV/u iodine.

g) Diagnostics

E.A. Heighway

First beam tests of the fast Faraday cup have been

made using ETA. Beam micro-structure of 270 ps FWHM was seen

and the fastest rise time observed was 130 ps (10% to 90%).

The micro-pulse width for ETA is not known precisely but

estimated at 200 ps FWHM. The sampling oscilloscope

sensitivity (maximum 2 mV/cm) limited the resolution obtainable

with the 100 yA beam used (signal to noise ratio was 5:1) and

at this power (300 watts) the indirectly water cooled central

conductor overheated and the 50 Œ thin film termination went

open circuit. Tests will be made with a radiatively cooled

unterminated central conductor.
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6.4 Mechanical Laboratory

J.E. Anderchek

The Mechanical Laboratory operates the machine

shop and furnace 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 - 98.8%

Reactor Physics Branch - 1.2%

6.4.1 High Current Test Facility

Assistance was provided in the investigation of

the mode behaviour of the cw proton linac triode amplifier.

The concentric filament cooling lines were modified to per-

mit an extended travel of the capacitive short installed in

the annulus between the two lines. Hose adapters were

fabricated to permit temporary connection of a pump for

evaluation of mode behaviour with alternative filament

coolants.

Minor repairs were made to a 50 kW dummy load and

a safety cover was made for the titanium sublimation pump

on the Alvarez tank.

A number of crumflat gaskets and flanges were

manufactured for the injector beam line, repairs were made

to beam dumps on the beam line and additional cooling was

added to a section of beam line.

Three extraction electrode rings, an alignment

jig, two extraction electrodes and two plasma aperture plates

were fabricated for a new accelerating column on the Ion

Source Test Stand. A vacuum flange was modified to fit the

new column and two flanges were fabricated for installation

of a vacuum isolation valve on the test stand.

Nine intermediate electrodes were repaired, two

anodes were replated, six ceramic expansion cups and twelve
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nylon insulators were fabricated for the duoplasmatron

sources.

6.4.2 Electron Test Accelerator

Four aluminum segments were machined for the

electrical model of the high power, pancake-coupled tank

and modifications were made to the hydraulic press to

facilitate tuning.

Water leaks in three high power isolators were

repaired, vacuum and other components were made for the

beam line, and heat sinks for the 100 watt bipolar power

supplies were fabricated.

6.4.3 Fast Intense Neutron Source

A new electron suppression electrode, with ceramic

stand-off posts/was made for the Mk II set of accelerating

electrodes, and three electrodes for the Mk III electron

suppression assembly were made.

Four magnet pole shims were made for beam optics

experiments, a pressure relief device for cryosorption pump

bakeout was fabricated and minor modifications were carried

out on a pair of flowmeter flanges, two anodes and a plasma

aperture plate.

6.4.4 Heavy Ion Superconducting Cyclotron

Several modifications to the superconducting

cyclotron magnet helium can lower base and assembly fixtures

were made. These included: remachining three I beam

supports, fabrication of coil clamps, and remachining of

Belleville spring retaining rings.

A soldering jig for inter-pancake coil connections

was made and superconductor was soldered into the coil

connector plates.

The prototype 2500 A magnet lead was repaired

and modified and a second one was fabricated.
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Miscellaneous modifications were carried out on

several rf models and several pieces of hardware were

fabricated for the field measuring system,the diagnostics

and the extraction systems.

6.4.5 Reactor Physics

ZED-II Reactor

Four control rods were repaired, three thimble

suspension bars fabricated and modifications were carried

out to several 19 element fuel bundle components.
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